;ns[\eSe@&6T@E~ "1 7 MAY 2002 TITLE OF THE | NVENTI ON BACKGROUND COF THE

M ENTLCN This invention relates to a test paper and 5 an anal yte neasuri ng
tip for heasuring the amount of a target analyte in a given sanp1p MY 2d0®"
exanple, in the neasurenent of blood sugar |level in a blood sanple. Bl ood

sugar neasuring devices which work by optically neasuring the degre
coloration of 10 a test paper (colorimetry) jhich assunmes a col ﬂﬂm‘\‘ﬂmﬁi@“\\m\“m\
proportionately to the amobunt of glucose or other analyte in bl

known. In a conventional blood sugar neasuring device of this const rigas on,
the neasurenent of the color 15 of the test paper has been carri i

| i ght neasuring part provided w tBIZLE] §ft T8E NVEYTEC&ent and Emmﬁm“mmnmmm"
asuring
gt

| i ght-receiving el enent b% pr%iectin% | i ght, on_the test paper an <
the intensity of TERE FAFER AN SNALYTE, y%“ﬁl‘r‘é”ﬁ“@stmﬁaper. 20 This de\™®

subsequently to the work of supp|yi readi d sanple on the
test paper, requires the test B&ﬁé&ﬁgﬁﬂﬂg(ﬁﬁégigéﬂgYﬁ¥£{§ﬁspace where it
can be shielded from ie | i ght befqre the nmeasur { bl ood
sugar | evel can be stgﬂiesd. E’i'gn%elﬁndé:s?qsﬁfefse%’lonf f%:;éosmt |pseq{ néc’{(;cﬁveni ent
node of operatio L Vi he :pr e : i en
the time [Re bl og] FASLySS MEGeNagrb"F 1) e iigasfls nd® yrd Bin 9

measurenent is shakhedekSafQlyibXed aMicBndiskap1e $8, TR N atp1HIUSin
there is a need for a“colori rrgtrl c anal'yser for "anal ytes such as bl ood
sugar, which is ¢apahkasarehen@nbifn¥aBsly sagd raukeat iigald WbIRRId FaNgle A
series of operations fromsupply and devel opnent of sanples on the test
paper to neasurenent. pikedCcemvart meashriiest dedlRles WhidH Gordf thydevi ces
conprises a sheet substrate formed of a porous nmaterial 10 capabl e of

absor bi ng a sanpbetiandly meageamtindephe dedree olfe collbstatdion ofhi s test
paper has pores in the sheet substrate with dianmeters of the order of 0.5
um and i30at a di sedtapapge gcnderimetany )bwhindukkiscinest lay cqodioneabl e or
attractive to water and can require 15 an unduly long tine for a sanple to
be fully nmeasur abikepo¥haohatelyh&r the emguntopfdglaicosiengracsdegs e is | ong
as descri bed above is unfavorable particularly for an automatic bl ood sugar
neasuring devi ceanBRYER SOVRARYAOFATREKNRVENTI ON 20 The object of this
invention is to provide a test paper and _an anal yte nmeasuring {ip which

pernmt reduc tion in tRed FREVESHICNEd PdPOGe PRI Mg as Wil Sl | ow
nmeasurenents to b% Eﬁtforned wi th high gccurac¥. Accordin%%%f %gg i nvention
there is providef8*2 éstﬁgpsﬁaﬁﬁflPBr & Pof'PRE FFF?§§SQ§S 8- %n anal yte
at a test,face therepf chatagterizgd by having a fitst in a 1ignt

measuring part provided with a light-emitting element
and a light-receiving element by projecting light on
the test paper and measuring the intensity of the light
reflected from the test paper.

20 This device, subsequently to the work of supplying
and spreading a blood sample on the test paper,
requires the test paper to be inserted into a space
where it can be shielded from ambient light before the
measurement of the blood sugar level can be started.

25 Besides suffering from this inconvenient mode of
operation, this device has the problem that the

interval between the time the blood is supplied and



pozpys | ayer having therein a reagent capabl e of f~y 1 7 MAY 20p2 - 3
YasSumi ng a color on reacting with an analyte in a sanple and a second
porous | ayer for separating a filtrate fromthe sanple emanati ngf;rwt@el
first layer, the test face being a face of the second |ayer 5 r ehrdt r 808
the first layer. Also provided is an anal yte neasuring nethod using a
nmeasuring tip on an anal yte neasuring deviceéthe tip being provided with a
tube projecting fromthe tip to forma conduft Tor introducing a sanple to
the inside 10 of the tip, and a test paper according to the present
invention disposed inside the tip, the nethod including allow ng a sanple
supplied to an i fhet tdmet flet measugepentodvepd@anpd,iist e toff iowgsl | vérdialy of
the tube to an outlet thereof, supplying and devel oping the sanple 15
toward the first ILYPEr TSt kO PESCLSaper, filtering the sanple in the
second | ayer and neas%{ing the color of the sanple at the test face side of

second | ayer. Further i ff5Ss i @ pSihfidded &° M ordt Y §¥¥er eof
char act er  zed"i h EPRaPAPAYiSEE ZAHDABOFROCSL Bt FY CPUBE FRHAHIS a sampl e
communi cat Pon i £f Eh8eRssrE130AR Bt eriad e s b R K deerng 1o

condui o the t 85 openariofe, 120k SBREINTARE kBB R I BTN (07 4

17 Mp, Y 2002 - 4,n2¢60" g gg LR $ o RuaRiL MWt | now be described bel ow
with reference to preferred ngodinents which are illustrated in the

acconpanyi ng_dr aw ngs rhBRCBRVERSSRINZT! @ e phide SEYERNx 1M:EWE Ok es
DRAWNG 5 FIG 1 is a side sectional viewillustrating the interna
structure of a devipeikes Eegseeingudstadikyfermeddlodod porrisusedaMital an
anal yte neasuring tip enbodying this invention |oaded therein; FIG 2 is a
pl an sectional vtaepablet bé ababybénf0ansaspliengateviaceeaget deaposd thidock
diagramillustrating the circuit configuration of the anal yte measuring
device; FIG 4 ienathengubetiraak.sethientiekltuphpeati hgsapboygiscdin the
construction of the analyte neasuring tip; 15 FIGS. 5 and 6 axe perspective
views illustrati ajeehesuobasratet wats déspeteirsebyf &het berdsanplfe 0.9 etmsi de
and the sanple outlet side termnal part of a delivery tube of the tinp;
FIGS. 7 and 8 arandi &§r arsasHéspAyapbagrbsénge ditneagi bes ispuffdcdentdart s,

FIG 9 is a longitudinal section illustrating the tip in a state in which
it is |oaded i n PREMSARLSt @rnehEbAFkgVBetPcyater and can require
15 an unduly long time for a sample to be fully measurable.

The fact that the time for developing a sample is long
as described above is unfavorable particularly for
an automatic blood sugar measuring device.
BRIEF SUMMARY OF THE INVENTION

20 The object of this invention is to provide a test
paper and an analyte measuring tip which permit reduc-
tion in the time required for developing a sample and
allow measurements to be performed with high accuracy.

According to the invention there is provided

25 a test paper for colorimetric assessment of an analyte

at a test face thereof characterized by having a first

porous layer having therein a reagent capable of



FIGS. 10 and 11 are perspective and plan views 25 illustrating a typical
'cofistruction of the test paper of this invention; FIG 12 is a cross
section taken through FIG 11 t ,1 7 MAY 2002 - 5 along theqhkiggy ;
FIG 13 is a side viewillustrating the analyte neasuring tip in a state in
which the tip is used for collecting a sanple; and 5 FIGS. 14 - 17 are
graphs showi ng experinmental data. DETAILED DESCRI PTI ON OF THE | NVENTI ON As
illustrated in these draw ngs, an anal yte neasuring device 1 for a bl ood
sanple is provided with a casing 2 with a printed circuit 3 disposed
therein. 10 Further, the casing 2 is provided in_one end portion thereof
with a |ight meadgeuRdngaat CR10TheNn: X8aKE I ¥ th W @a\RWteh 3 | i qui d

crystal display device %LCI» 9. Onthe printed circuit 3 is installed 15 a
mi croconput er 102a§2FBALr 8RdnEaFECOPEr ROTRYSt 3 3YEH AT BERAFFE Mehct i ons of

t he anal yte neasuring.devyice 1. This control neans 10 has ilt_therein an
arithnet?c part goklgﬁﬁﬁ Ii%§°E nggéﬁmgﬁﬁlﬁﬂ?qa¥ﬁﬂ9xﬁ}QQiﬁﬂ?zﬂir%le

exanpl e, glucose) based,on signal.s 20,fr.om the. |ight asurin rt 4. This
ari {Tﬁrret i g part, )13¥ e&cgg‘leo%‘egéngﬁﬁg, bS&ng, a§§gﬁfc eecstelcr?g“f?leaé’ter%nt s

as, for exanple, tgti on.of ogrit.correction and conputation of
tenperaturg corrggﬁgg%.%%ﬁg F?&h?ggggsgﬁ'né'part 4 is provided with 25 a

lum nescent el ement (gl Fg:?vtitdew idl AGf)a : tygd(}d gﬂécﬁélﬂhﬂrid %@érvad]%@ﬂxggerfnt

(phot odi ode) 42. These el efrents are acconmo retaimed in a ho

43.  t ' 1 1 MAY %@83urifg the bhumaneanantt@l adurdhd 1e8liRd realdip
connected to the control neans 10 and the light-receiving elenent 42 i's

electrically conagathF&@vﬁa@dcmfthOLa RRRRS p2d jeick iy FHIn furey ‘di?fftoShOVVn)
and an anal ogue/digital 5 converter 44. The |um nescent elenent 41 is

actuated by a si goah &r esntagtc@nir htirednsihl andagpusedd alrminsddeul se
of light at prescribed intervals. The |light pulse cycle is approximtely in
t he rangelof 0.50f 8hé mipgcandnd testheagetraticownrafingneopulhee present
approximately in the range of 0.05 - 0.3 msec. The wavel ength of the |ight
of this pul se isjinventéganglieposppr axsddeeltyiel it iphe thenge tdiodbGMclurZ@dignm
On the holder 43 which is the part onto which 15 a test paper is to be
| oaded, an anal yedlawasdr angamppe( Ruppilagtt &0 eaf dnded of dihepltpbes taip”)
5 havin
J be conveyed by virtue of capillarity of the tube to
an outlet thereof, supplying and developing the sample
15 toward the first layer of the test paper, filtering
the sample in the second layer and measuring the color
of the sample at the test face side of second layer.
Further provided is a tip provided at one end
portion thereof with a loading part for fitting to
20 an analyte measuring device characterized in that it
has an oppositely-projecting tube forming a sample
conduit intended to collect a sample and in that it
has disposed in communication with the sample outlet
of the tube a test paper according to the present
25 invention, for capillary delivery of the sample along

the conduit to the test paper.

The test paper and the analyte measuring tip



a trest paper 53 therein is loaded in such a way as to be freely detachabl e.

'At this stage, a general description of the tip 5 will be given. Preferred
20 constructions of the tip 5 and of the test paper 53 will be qﬁgpyb@mnin
detail later. The tip 5 is conposed of a transparent or translucent

tapering cylindrical cap 51. It may have col ored transparency such as, for
exanpl e, blue 25 transparency. The test papg 53 set in place on the inner
side of the bottomof the cap 51 (FIG 1 refers). The test paper 53 is
obt ai ned by superposing a first t 1 7 MAY 2002 |ayer 53a and opaque
second | ayer 53b. A tuybe 52 projects fromthe quter side of the bottqm of
the cap 81 WhendSCREARRE EACKRLS BRBBACLENDFAGhTOMDE COREEAPoh PF 1oHe

| eadi ng end of thlg 5 tgbe 52é he sanple i.s a ginate into the tube 52 and
transported to tKatPek? paperes °b9r€g§FFF8yFP§ AAPSa5R ¥PASFr 8%Sconduit in
the tube. The saggigsgggggaegnggpghgcggg%§§&g§§$h¥a%§ﬂbraI part of the test

paper 53 spreads”in a radral " p ern-on paper 53 and 10 is al | owed

to react with the fﬁﬁe j Py r ﬁﬁﬁ%

| um nescent el enen %Eﬁfﬂm%%gﬂﬁ ?Eé’ls ﬁ@fﬁft%}é hol der 43,
the light emitted frogyghe;l yai geggant sebeBRh1 FRicROSS 193 A% iigde of 15
the test paper 53 which is the second | ayer 53b and produces refl ected
light. The intenghbyiRtebn81r8tieetafe! b8hh HEveEHI YBLEREakAriRg i Ntensity
of coloration of the second | ayer 53b, nanely to the anount of
concentration of ahhgnhdyget ianplybe t6& bBeugd8dsameheanThhalkekl ected |ight
is received by the light receiving el ement 42 and subjected to
phot oel ectri c coneesstongt bepeembodpengi ghlisr eaeextignelloaant 4Reeaihs an
anal og signal corresponding to the amnbunt of |ight received. The anal og
signal is anplified, ®Eeén 25iseaepianysectivaniedient ofatiiegianall ytiegnal by
the A/D converter 44 injected into the control neans 10, and then stored in
the firstlOrenor ymedsaringadeeioey 13. 17 ~Y 2002 _ g _ The analyte
measuring device 1 is further provided with a power source portion 6, a
power source voltage Bé&BecBois7a hleekt dhagirasuiil 189styagdngr sheosdircnati ng
portion 11, a clock oscillator 12, the data nenory 13, 5 a_ buzzer out put

14, an external eeRpiguastigndef thaparalvie weasurérgigeviReipower source
portion 6 is |loaded with a,dry cell 61. ahe ower sourcz vol tage detector 7
detects the voltage OFI?he4dﬁ§ Ref PREItUAYNALSGESLERR LedHFEYEHLNG t he

trol 10, Th h i nj f th |l 61 can b
Chacked. The. swit chrErvehi oS HEREETen PRE FaB e hebvEEupRehaha Bhpect s tne

[ I di hegi [ . 0l
cxampl es B this 15 shieEn & Buef Eber bAFeRRPEROE TTENS A3naSRaRRERT 0,

R A e R A R
nmay be cited. and the sample outlet side terminal part of a delivery
tube of the tip;

FIGS. 7 and 8 are diagrams showing possible

20 dimensions of various parts;

FIG. 9 is a longitudinal section illustrating the
tip in a state in which it is loaded in the analyte
measuring device;

FIGS. 10 and 11 are perspective and plan views

25 illustrating a typical construction of the test paper

of this invention;

FIG. 12 is a cross section taken through FIG. 11



The power source switch can be turned ON OFF by 20 depressing an operating
'button 31. The other sw tches can be actuated by mani pul ati ng the operating
button 31, and operating nenbers 32, 33, 34, etc., either al ond ToMAY 02002
conmbi nation. The control oscillating portion 11 is a tiner. 25 It
oscillates clock pulses at fixed intervals and supplies operating standard
signals for a mcroconputer (mcroprocessitngsuniit: MPU) of the control
means 10. 1 7 MAY 2p02 _ g _ The clock oscillating part 12 is a clock
for specifying an absolute tine (date and tinme). It oscillates clock pul ses

at fixed interval ) ies operating standard signal for the clock
5 control circui taslbw t ?griplltlf'u%e gg{}f’rol nmeans 10. The data nenory 13 is

provided with a first gpggory,( , e , d ipd
menory (nonvolatile RAN@.'T%% £?€% %fd§hg9$gsg¥?8%¥r%?%ﬁ% E@gsﬁgéigﬁ% i nput
fromthe | ight meRsuAtPALp 4G isc o ed ifiihechs  elo MBEDLY ol or
accordance with a prescribed %ornat. In the second nenory the re?atlon
(calibration cuP@ﬁl1édﬂnﬂgugxggﬁbﬁqugg§, bet ween the absorbance conput ed
fromthe magnitude of the result of 15 the neasurenent of |ight and the
amount of & target anafye®. i n4 bl opyl 4hergraphseshonphgsenpedifgnthloddta.
sugar level") is stored. In the third nenory, a proofreading value peculiar
to a relevant device is stDE®AILEDaDE80BREPTIDN OEr MHEO INWENXIIO®Adi ng val ue”
as used herein enbraces specific magnitudes of the anobunts of reflected
light and correction cb®fillusttatédrinhehesapdrawingsef ahi anhlgbsor bance,
for exanple. The bl ood sugar |level is conputed on the basis 25 of such sets
of data stored i AMedRIFINGrdesiamd afrlc thibloo@npanpie as desevided whbbhe.

Preferably, in this case, the blood sugar |level is conputed based i ' ~ 7
MAY 7002 a casing 2 with a printed circuit 3 disposed therein.
10 Further, the casing 2 is provided in one end portion

thereof with a light measuring part 4. The casing 2
has a window with a liquid crystal display device
(LCD) 9.
On the printed circuit 3 is installed
15 a microcomputer 10 as control means operating to
control various functions of the analyte measuring
device 1. This control means 10 has built therein
an arithmetic part for computing a target analyte in
blood (such as, for example, glucose) based on signals
20 from the light measuring part 4. This arithmetic
part, as occasion demands, performs such correcting
treatments as, for example, computation of hematocrit
correction and computation of temperature correction.
The light measuring part 4 is provided with
25 a luminescent element (light-emitting diode) 41 and
a light-receiving element (photodiode) 42. These

elements are accommodated and retained in a holder 43.



- 10, on the ratio of the intensity of the reflected |ight fromthe test
‘paper 53 after the devel opnent of color to the intensity of the reflected
light prior to the devel opnent of color. 5 The buzzer output 1%#7adA2002s a
buzzer and causes em ssion of sound based on the signal fromthe control
means 10. The external output 15 is intended to issue the data such as

bl ood sugar |evel obtained by conputation.10gto.a device such as, for
exanpl e, a personal conmputer. In this case, the external output 15 has such
a communi cation driver as, for exanple, RS232C, built therein. Were

e e ST Sk ShaihekaBt, SEheRL. AN aol RS W S R B
therein. The te ra asurer IS provided,w th a.tenperature.s or
such as a thern?gﬁgrkgégg e%%ﬁnﬁeéguPﬁggt ebqé qtéﬁFC%BﬁBeﬁbfﬁf’F”?hg

temperature 20 myasusgke16c94{OLIRAIRISH S° RO JrAITRA Holi TPitd e 10

time. The tenperature data so I's store irst nmenory of the

data nenory 13. e Lat.ur a d om.t fri ML s i njected
into the controlEﬁegﬁ§q?gl%%d(ﬁfgl%?8g%§hgﬁgi%52%%F&Pq§54§;§%%é& and
conputing the cogppgghbréappregsati on for the bl ood sugar level in relation to

tenperature. Preferred enbodi nents of the test paper of this 11 MAY 2ppg

- 11 invention and ofrhehguaidlegcentealwniahd Wip ifsiranadd sy ewidiyndl |
be described below. The | ower side of the diagramof FIG 4 w'll be called

the "basal term fiabm ahd tbatippemeande 18s ande causkdadiongntier @ pall'sd dft he
follow ng description. The tip 5, as illustrated in FIG 4, is conposed of
the cap 51, the fabgbt53tppopectiibgdf iotearadsd wadhe 3ighdf puleecayci® and
the test paper 53 set in place inside the cap 51. 10 The cap 51 is intended
to support the ta&stapppexiBatedy, iat thhereage vifnd,.S5act 3t-0 al.lsew.t lmadcap 5
to be put in place on the light neasuring part 4 of the anal yte measuring
devi ce 1.1&i nce &hasduragporantpbeneepvleg flEoAaPPRExiFasediyndnlshgeviaggeby
means of a release button 35 _w thout hand-contact as illustrated in FIG 1
and ~' 1G9, the®po8sPBirify3on.E6Rtantthgt FaNSBPNIRE Bifodde 4 igdguedd. | f
the tip is kept covered.with a cap 19 while it is heing.renoved fromor put
onto the 20 neasEBFﬁgPBé§Fcé?'cgﬁgaﬁ?ﬁgp'Sm FPBFPFH@aﬁgﬂHIéP itde, gapge
unl i kely. The Ca8f5§obS_C9HBOﬁSd of the end wall 511,

On the holder 43 which is the part onto which
15 a test paper is to be loaded, an analyte measuring tip
(hereinafter referred to simply as "tip") 5 having
a test paper 53 therein is loaded in such a way as
to be freely detachable. At this stage, a general
description of the tip 5 will be given. Preferred
20 constructions of the tip 5 and of the test paper 53
will be described in detail later.
The tip 5 is composed of a transparent or
translucent tapering cylindrical cap 51. It may
have colored transparency such as, for example, blue
25 transparency. The test paper 53 set in place on the
inner side of the bottom of the cap 51 (FIG. 1 refers).

The test paper 53 is obtained by superposing a first



a barrel part 513, and a flange 514 fornmed on the outer periphery of the
'basal terninal of the barrel part 513. 25 Further, inside the end wall 511,
a pedestal 512 for fixing the test paper 53 is formed. The tesq7pﬂppqm§3 is
fixed by its outer peripheral part 533 to L 17 ~aY ?o0h - 12 th

pedestal 512 by e.g., fusion or adhesion. As illustrated in FIG 9, the tip
5 is loaded in the Iight neasuring part 4.ofythe anal yte measuring device
for blood by inserting holder 43 of the light 5 neasuring part 4 inside the
barrel part 513 of the cap 51. The barrel part 513 is preferably tapered so
t hat the inside |anet r t her,eof conver raduall toward the end wall as

illustrated in Fré¥ 38 BPE ©§adys B P %ﬁ%ﬁﬁ e tip can be

fallibl ted and d ' t the b I
ditrers siignt from ? o SRS BRI f‘%’b A S B ) e 51
functions as a géhg Bg'ﬁ:‘i:ofnohf]'%h@l [s_grﬂr O%‘fl %rs a ;A o rﬁ%qle%@rb}oche

in attaching or detaching the tip t he |ght nedasuring part of th

anal yte ”Easur'nﬂsd8¥bﬁ%h% 1EQ8UGBnEE%tp%&%%ﬂ%h%ﬂﬁ%@b. %tenﬁﬁcﬂﬁgﬂﬁ. tged
above, has the end wall "511, barrel part 513, flange 514 and 20 tube 52

whol |y forged i ntagéabby thBekampukd ige afsgﬂiﬁﬁd:e@s iSRRANML tiyEDES adved
eventually joined. The tube 52 is intended to collect the sanple of blood.

It has a sanple t@habpcenddltOSEQeruaatn@aE@rasal 8C lla@l 1N&afilty through
per pendi cular to the general plane 25 of the test paper 53 and has a sanple

inlet 523 fornmedaahakrhewl eaddngtt @hnchal tuber.eofrhend anpl@nsuepduiddettcb27
formed at the basal term nal thereof. 1 - 13 ~ T MAY 200z Since the

bl ood i s supplietthehappghxinetedgpkenitmiadt pagrdwift th20 testt papeestS 3paper 53
by capillarity, the inner dianeter or average di aneter of the sanple inlet
conduit 520 is peppeafly appRoxafand| patterheon the test paper 53 and

10 is allowed to react with the reagent carried thereon
and assume a color.

When the luminescent element 41 is 1lit while the
tip 5 is loaded in the holder 43, the light emitted
from the luminescent element impinges on the side of

15 the test paper 53 which is the second layer 53b and
produces reflected light. The intensity of the
reflected light is equivalent to the intensity of
coloration of the second layer 53b, namely to the
amount of concentration of the target analyte in the

20 sample. This reflected light is received by the light-
receiving element 42 and subjected to photoelectric
conversion therein. The light-receiving element 42
emits an analog signal corresponding to the amount of
light received. The analog signal is amplified, when

25 necessary, converted into a digital signal by the A/D
converter 44 injected into the control means 10, and

then stored in the first memory of a data memory 13.



2 - 2.0mm preferably 0.3 - 1.0 mm If the inner dianeter of
‘the sanple inlet conduit 520 is unduly large, the transfer of the blood by
capillarity will becone difficult. If the inner dianeter is untial Masrppdsl .
the blood will be supplied slowy and the tinme 10 required for supplying
the blood in an anple anmobunt to the test paper 53 will be increased. The
inside diameter (cross-sectional area) of.the sanple inlet conduit 520 may
be constant or be varied along its longitudinal direction. 15 The total
length of the sanple inlet conduit 520 is preferably in the approximte

f 1- 10 bl y h
[ Uhe sanpie inlel CORBURPSs6o BERRRELG @%Srlgtxe'r TnaPor ST heRe BBPBIA,
Ilarity tak du th d ngd t, .
biood 18 (PG 135 Chay BNFRCTOURGS pBREFP) Sangr EO0E( heUBGECICA¥aBHor e

end wall of 1he §@PectorT9e Leadh ghtsiﬁba§ BarL, aed:t8e BasdhiLeiqgnal

part of the tub are reépec sanpl’e 'n side term nal “part

521 and a sanpl eoputigh 94 t@iH&ﬂabsEﬁFiaégﬁ 129 thbuahtal AlnbeyFhEs 4 -

5 range of O.
[

6. On the term ace o e sanple inlet sid Y 2002 -
termnal part 523, bazﬂéeoa@téaa @@nﬂaﬂléﬁtéeaamnbbtbbe ignphﬁdlnlet condunt
520 is fornmed. In the illustrated exanple, the groove 522 is a straight

groove extendi nga dtanpéracalréymebshpert upe 52. The opposite ends of 5 this
groove 522 open in the outer peripheral surface of the tube 52. The groove

522 secures a fl ow patrhef powbkosduabe pblrewsnsgppky lebdedewhltdod dayt he
test paper 53 to be effected snmoothly and infallibly because the sanple 10
inlet conduit 52€el® 6bt cThsepowhensbdheceevoilhabef deeeotorh@ dabpbéesi nl et
side termnal part 52| is brought into contact with a surface, such as that
of a finger, durthg vbbktagélefttba dfybtedd. 6 Reéndr ingues EhG r@sufitll
denotes the total 15 peripheral length of the part form ng the boundary

bet ween th® grootve &2 cedtrot meapsellnl eThesndthe s2Waandnd| pdwast e€ t he
i nside dianmeter of the sanple inlet conduit 520 (the inner dianeter near

t he sanple |nIetth%u@ﬁY59n£l ¢ hecar| bej ehspkpd20 L1 < ndl x 50~ ... (1) is
preferred. As a result, the start of the aspiration of bl ood by the sanple
inlet conduit 520 canThe éW%EFHeElﬁEPéEI§ Qﬁ&egﬁﬁoﬁﬁﬁyl“EBtTHQ éeﬁWHtpf of

th 522 t i I t I b ted, . d di
et el oSl P P o SR
- 15 | th f 0.2
7 R e e gy e R e BRSO

wi I'l" becopg 'nsuéwigeﬁné 8@@fcg§3%¥?5£¥ téhghmeﬁs§§uastasr858rg@@téhon the

skin. The purpose o the roove
clock setting/changing switch, resetting switch, buzzer

ON/OFF selecting switch, and 50 Hz/60 Hz commercial
power source frequency selecting switch may be cited.
The power source switch can be turned ON/OFF by
20 depressing an operating button 31.
The other switches can be actuated by manipulating
the operating button 31, and operating members 32, 33,
34, etc., either alone or in combination.
The control oscillating portion 11 is a timer.
25 It oscillates clock pulses at fixed intervals and
supplies operating standard signals for a microcomputer

(microprocessing unit: MPU) of the control means 10.



the termnal face of the sanple inlet side termnal part 521 may not
‘contact-the skin when the ternminal face is placed agai nst the skin, and
this may be 10 achieved in different ways, for exanple by fornlﬁgMarzmz
plurality of grooves 522 radially (in the shape of a cross, for exanple)
around the sanple inlet nouth 523 of the sanple inlet conduit 520 as the
center or by formng themparallelly in suchhy a manner as to touch 15 the
sanple inlet conduit 520. The sanple outflow side termnal part 525 (FIG
6) of the tube 52 (on the test paper 53 side) projects slightly toward the

ipi [ id b | 1 nal f h d | 1 On th
termnal face 20 of (RASSAIBTE PAFetISFAES ?P%tﬁ&?”gsg?’? 5385k, second
groove 526 commuphcalhod: Willgtls 38gBLELLNLeheCPRLUL! aRA0CkRGhOT TR, I

the illustrated exa 'S a st groove e%tendlng in

the direction ofrfhgsdi pIRLEL Qioéﬂe LY 8s5%tsur eQDEH bEGahgr AhRal s 25 of

this groove 526 open in the outer |p era ace o the projecting part

525 of the tube ggpp anﬁooﬁbﬁaeiﬁgl§t9ﬂd9£dt9§gg590f@r5%ﬁe clock6 17
MAY 2pp2 the bl oo |s spread qui ckly and uniform y over the test paper 53

and the megpsurengohtisl oblachet BRI BracfutRbeby¥nbesaumeahbelbl.ood which has
passed the sanple inlet conduit 520 is released fromthe sanple outlet 5

mout h 527 and spread Theaddthhgfemulk¢r 1petisppebyiakdt ke theamfdalstpart 525
via the groove 526 and then supplied to and devel oped on the test paper 53.
Referring to Fl mefloryf (REMJipnat escbhe imemhakypeROEher ahdl anghtirdf mehexpart
formng the boundary 10 between the groove 526 and the sanple inlet conduit
520 and d2 denot gsonvel abisleeRApnet Bheositbeofahhbereahdt odndlaght520 (the
i nner dianeter near the sanple outlet nouth 527), the follow ng formla
(11) L2 <_ 11d2 me&9araments pnpfitr feom the Lig)ltpmeasnesngt parke4bl ood

whi ch has flowed out of the sanple outlet mouth 527 of the sanpl e inlet
conduit 5P0 can b #he¥edetn ahile déies bpeematy einuperpPydangesdshhl y toward
the outer periphery of the test 20 paper. The depth P2 of the groove 526,
though not parti@uPERFGEhedi £aFmak-preferred to be not |ess than 0.01 mm
generally, and to be in the approxi mate range of _0.05 -

advant ageously. |1f thEndbpensesond Bemgryuthe sﬁﬁﬂﬁﬁﬁpntﬁgagﬂgnbélgﬁ6\MII

BFE?;P:¥yfg}lgE38%%£f ;g éé&lggggtigna vaggé[ybe€$een throgsor ant:ea

computed from the magnitude of the result of
15 the measurement of light and the amount of a target
analyte in blood (hereinafter represented by "blood
sugar level") is stored.
In the third memory, a proofreading value peculiar
to a relevant device is stored in advance. The term
20 "proofreading value" as used herein embraces specific
magnitudes of the amounts of reflected light and
correction coefficients for the computation of final
absorbance, for example.
The blood sugar level is computed on the basis
25 of such sets of data stored in the first second and
third memories as described above. Preferably, in

this case, the blood sugar level is computed based



Ssr ~~,a,. ~z - 17 may be forned radially (in the shape of a cross, for
‘exanpl e) around the sanple outlet nmouth 527 of the sanple inlet condurt 520
as the center or they may be forned parallelly in such a manner!&sM% 2603uch
5 the sanple inlet conduit 520. Then, as illustrated in FIG 4, a gap 54 is
formed in the tube 52 side of the test paper 53, nanely between the test
paper 53 and the inner side of the end wall 1p11-of the cap 51. This gap 54
functions to 10 aid in the distribution of blood on the test paper 53. To
be specific, since the blood which of the sanple outlet nmouth 527 of the

conduit 520 expaggst§§d£$L£¥ g?rgﬂghégagthI&L%¥ tﬂiSEEE %%ﬁ qf Iood on

15 (particularly on I'TSt "Tayer y and uni S flomed

out sampl e i nl et c1bg gAR Bsbyphhler! 83 aBARE! A3 HRYDE, aeaeleedczh%rdepth

of the gap 54 ough not part y critica IS pre erred to be not

| ess than 0.02 neb(enereaeéns@eytbfukﬁél¥efme5@edamagarl5&&erreage 20 of
0.04 mm- 0.4 mm gap 54 having this depth can ful he function

mentioned above ¥geYydevEeepn¥gkYorTher1depth of the gap 54 may be constant
or may be varied (gradually decreased, for exanple) fromthe central part

of the test paper 53 wnetb&z@u&ebuiﬁupeunphemmathereobuz@@rthmdowbemes

peri phery of the gap 54, there is a sanple reservoir 55 in the shape of an
annul ar ~ 7 ~Yemfozieni of depndsbasadconmuhecatignglwifrbmt hhegapni4odnd of
greater depth than the gap 54. As a result, the bl ood which has spread

radi ally throughméaesgdfp.4 is collected in the sanple reservoir 55 and is
obstructed fromnoving 5 further towards the outer periphery, nanely
towards the position &hewakthrnhé pespuapsér i3 ingenidedd tigy igshesitde or
fusi on. Leakage of surplus blood therefore, is prevented even when an
excess of the bldatai suehcessblepd suppri dgveAsohtadsapt bybresgutation
contam nation 10 of the |light neasuring part 4 or other parts of the

anal yte n%%surlnbodévﬂﬁeliecaﬁcbeaﬁre@@ﬁtSﬂamE&?$|éeP?Héoﬁé&e§PQPu§§Ft 512
on the inner face of the end wa]l 511, a spacer 56 és as s par ati ng nmeans
to ensure absenctPoFiBnfage bk ﬁe@ﬁtFﬁBaieQPtBHﬁe afSSBH t he hol der 43
when the tip 5 |s | caded.in _the | ght nmeasur.i ng art 4 OEP5ggcanalyte
nmeasuri ng device 1°°WﬂFBlESEb8P dEIveE PFFUS?Fa ampﬁeFl ‘s forned of
a plurality of CBE%ff g& herﬁhe{%uingkég Lh@k ¥i3RaGgd 3t pangul ar

intervals of 90 alon e peri era |rec Ion on t hé i nner

side of the end a@&kleélouEvrtﬂg éQ%etHQ?e gtgattmg hoB An' nlherbhght

nmeasuring part 4 odges agal nst t g en 3 of the

l'ight meagdiring payleﬁlteﬁnEUéieﬁénkhsnapaca£l5é cQHEhEG therbeadi Bgiok the
tip 5inthe light” neasuring part 4, also maintains fixed distances between

the test paper 58héeneihe one ~ | r~aY 200 - 19
The temperature measurer 16 is provided with
a temperature sensor such as a thermistor capable of
measuring the ambient temperature. The temperature
20 measurer 16 performs measurement of temperature from
time to time. The temperature data so obtained is
stored in the first memory of the data memory 13.
The temperature data read from the first memory is
injected into the control means 10 and utilized therein
25 for correcting and computing the correct compensation
for the blood sugar level in relation to temperature.

Preferred embodiments of the test paper of this



part and the |um nescent elenment 42 and the |ightreceiving el enent 42 of
'the light neasuring part 4 on the other part. The spacer thus igdu&;s
errors of measurenment due to variation in the distances nmentioned B e
wi th consequent variation of the |light values and contributes to accuracy
of nmeasurenent. The cap 51 and the tube 52 constructed as descri bed above
are fornmed of a material having a desired rigidity. As concrete exanples of
this rigid 10 material, various resinous materials including acryl type
resin, polystyrene, polyethylene, polypropylene, hard pol yvinyl chloride,

ol ycar bonat e, pol yrnet hyl t hacryl ate, . ABS resin, .pol yesters, ,
Bol gphenyl ene sg’r’? ‘?fét’(@ésﬁr,ﬁp%fy d‘%{‘abﬁ'ﬁi’ﬁ?‘at@?réﬁa ﬁbeg'déPéFhT% and

I |l d | ) b] end t al ni | t f th d
ot oned above TGP Bl (2t L ABrACOt ALY BPKWa or i ol anumor at ed above.

h material t ' ' ' d hi i ¢l d h
vaiorial s whi oh have NRCHRRRE BU08. PF oGl Aear ™ hERndbar fo | Apfii D8 SUC

hydrophi lici ty Rrove.paiddcubaely aoxanhageouaqberaugspbiicy;abeasuthabl e

for quick introductton and devel opnent of a sanple. I des such physi cal

activating, treatiil$i 4§ tdPhi SXBAPLR. ¢ Re ABERL K EA§ B8 cr gbOYOAL SChar ge,
corona 25 discharge, and irradiation with ultraviolet |ight, the

i mpartation of hydrOPfﬁéi€ibYSQaEsb@lﬁﬁ&ﬁkaﬁédbintPQG@dstEan@mesed
application of surfactant, - 20 11 MAY 2002 water-soluble silicon,

hydr oxypropyl cebt uiisecaposyet fiyd epebgl Y20projepolingr 0pyheas ghycol . The
shape and construction of the test paper 53 will be described with
reference to FI GraP1t®1FlIéX dRe SaphdughahtiethestepappapdB 63 peefénred to
have such a circular overall shape as illustrated, it is not necessarily
so. For exanpl e,pkdeé pinsidequiae ecapeglangul ar, rhonbic and ot her

quadril aterals, triangular, hexagonal, and octagonal shapes are 10
possi bl e.10Men the t eEhepapprS553ibasntendedutar syhppet the 6as&i de di aneter
of the test paper 53 is preferably in the approxinate rangg of 2 - 10 mm
nore preferably papenedapprdxi att Bhe apg@eotine, 8Chnto181¥aw thecRARsS of
the test paper 53 is preferably in the approximate range of 0.02 - 1.0 nm
more preferably ¥ keePubptdxphate Pangheotighbsneaguring Part teSf paper
53 is provided at, the central part,k thereof, ninely at the position fronting

the sanple 20 infRe WHHVFE BSOSULERG 4e¥RGex part 531 protruding toward

the sanple inlet condyit 520. Thqugh the hgight of this copyex rt. 531 is
not particularly crit#iﬁf? atu?%gs?a?hEaPegaiﬁ8m8X8doFrPﬂe%§8nW§§SB§% 9531

5 referyied to be 1099kt ApLeal nbp L e PRERL LQULLE! 335 bRt lco27 Of the

condui t . Thereérore, the convex pa erab as at |east partly
a diameter equalplQyQtostBtteistPPustrated in FIG. 1 and FIG. 9,

the possibility of contamination by the blood
is reduced. If the tip is kept covered with a cap 19
while it is being removed from or put onto the
20 measuring device, contamination from the handler is
very unlikely.
The cap 51 is composed of the end wall 511,
a barrel part 513, and a flange 514 formed on the outer
periphery of the basal terminal of the barrel part 513.
25 Further, inside the end wall 511, a pedestal 512 for
fixing the test paper 53 is formed. The test paper 53

is fixed by its outer peripheral part 533 to



1 7 MAY 200Z - 21 the inside dianmeter of the sanple outlet nouth 527 of
‘the sanple inlet conduit 520 and also has a circular contour. The hei ght of
the convex part 531 is preferably in the approxi mate range of 5 b?OENFmeO
mm nore preferably in the approximate range of 0.05 - 0.4 mm The shape,
size, etc. of the convex part 531 do not need to be limted to those

speci fied above but may be properly selectegato_suit such factors as the
cross section, shape, etc. of 10 the sanple inlet conduit 520. The convex
part 531 provided in the manner descri bed above enabl es the bl ood which has

passed through t sanmpl e, inl conduit 52Q to be su ied nore quickly to
the test paper 5 .el%ggﬁgt?gsgiaaggre5§'YSQPEFPHePrpBEbFaéﬁnradiaIIy i nsi de
its outernost periphe i n_annul.ar nvex rt 2 pr.qt nudi i.n the
sane direction as andkéeﬁﬁggsgrgﬁephégcg%@éxgﬁag e5§i% Pt§%|é§%F%§'é%d is

opposite to and FRe gfﬂhgsﬁégggrgggtﬁgrﬁaﬁpE?uEﬁ§¢5K8h$téomé s{e3hioned

above. This annu onvex par as the nction of regulating® he

devel opnent of inQf??chfBPebf{SéH ng%sé,%tihp ABsheuchs birecadt fligyeof

excess blood radially beyond the periphery of the test paper 53b. "25 The

dianeter of the RERELALn§OPHLY Paihsdde, thBoyaRrBot phi-ki bad particul arly,
is preferably in the approxi mate range of 70 - 95~, nore preferably | 17

MAY 2pp2 - 22 iphéheapppLoxi mate range of 85 - 95a, of the outside
di aneter of the test paper 53 (which is the dianeter of its second | ayer
53b). The width of th®henbakaelcpayex5partisSp2eiferabpyefrapelreyd iso t he
approximate range of 0.03 - 1.0 nmm nore preferably in the approxi mate
range of 0.05 - ©hétntheThesbhdegianétébethopebdr conneegepayralidadlily
preferably in the approxi mate range of 0.02 - 1.0 nmm nore preferably in
t he approxi mat e iGwandgehefefd0BallOad minhsweated TheF3Bapd, addnEASi. ofs
(dianeter, width, height etc) of the annular convex part 532 nmay be freely
sel ected 1® sui tByhehshapepand bheeripeadnrbs énfahéibdy smsersSeghe convex
part 531 and the annul ar convex part 532 which are constructed as descri bed
above may be for#Bd, lpadedxanpnevhey phet éraidg Ahamedre efrheécting the
basal term nal face o he _test paper 53 by exertion of pressure as with a
aseete s RL0henE o8 :

punch) or by mech3RFe4l BHEt P reRsthpapiFssdecghappieredtas

descri bed above g cgng ged4 f the first layer 53a and the second | ayer
53b. The first | éﬁr 23%8%Fs®*What results from 25 depositing a reagent such

Preforably, this carrFop PAERGPnEhtoraaotarlas RaRooint BPERRSE 1 ¢ wav
2002 - 2315 allowing fingers to exert necessary force in attaching
or detaching the tip 5 from the light measuring part 4
of the analyte measuring device 1.
Though the present embodiment, as depicted above,
has the end wall 511, barrel part 513, flange 514 and
20 tube 52 wholly formed integrally, they could be formed
as separate members and eventually joined.
The tube 52 is intended to collect the sample of
blood. It has a sample inlet conduit 520 running in
a direction nearly perpendicular to the general plane
25 of the test paper 53 and has a sample inlet 523 formed

at the leading terminal thereof and a sample outlet 527

formed at the basal terminal thereof.



sheet | i ke porous substrate. Particularly when the reagent used for the
'inpregnapion is a reagent system whi ch undergoes a reaction SUCh%?%ﬁgn

oxi dase reaction using the oxygen 5 in the air as a substrate, the elf? a
porous nmenbrane as the carrier ensures sufficient supply of the oxygen from
the air for the sanple which has been devel oped on the first |ayer 53a and
enabl es the reaction to proceed rapidly andighecefore all ows detection of
the state of 10 col oration w thout requiring renoval of the sanple or the
filtrate thereof (red blood cells, etc.). Exanples of porous nenbranes for
the first layer 53a a NQR- fahri n. tabrig ret sheet,
menbrane filter, or flgﬁtngfe %2‘82@%?’? %?’ sspgg:i%\é? é:){l%g&s to %ﬁgﬁ% eri al
fox form ng the S : @l f+th i I 52a, HeLS
pol yam des, poIygﬁ%§FnggﬁggngEF?OEES?h%eF%%Fogéggrsﬁﬁig tgé?i§§§§ﬁfgérine

type resins may bReCihREr dREMBRLS' b2l avesaBkediametBe B euwe IBmPRane
i ncl ude 20 pol yet hyl ene terephthal ate, pol ybutyl ene terephthal at e,

pol yet her sul fonenlstt eeaallitl 836, igepkubesey ﬁF@&&ximatel in the
pol ytetrafl uoroet hyl ene (Teflon), nitrolized polyether sulgbne. The
material for forpanget bE porous2nemamanprafepadlier abBy -i 9.9 mat.er &l the
i nherently possessing hydrophilicity or a material which has undergone a
treat ment adapt eilnher dipmetengoliydhepbhampiit ynlet ¢oBMiypp20- i24 because
the layer is produced by the inpregnation with an aqueous sol ution having a
reagent di ssol vedndhéyeilargad adheotbenadse dliethayblopd bypeepddlavislysorb
and devel op a sanple quickly. The treatnent 5 for the inpartation of
hydrophilicity i¥ilhebeappeadifiéscnlbed dbotbe Apnepeditmetexangl vsdoflyt he
reagent for inpregnating the porous nmenbrane of the first layer 53a which
is used for the sBallyeRbBAtbdpod| vbdlshgapupplépd sdoylifcesd shedidme( GOD)
and peroxi dase (POD) ,and such col oring agents as, .for exanRIe,
4-aninoan¥9pyrinEeaHHrﬁpefﬂylSRPPQYHQEng9-§l§8ﬁféinBp?WP M BBPUNG &€ nay
be cited. Dependigg on the kind gf aggléte,to be asured such reagents as,
bR&i eWt

for exanple, asc EeSEi B2BRFd3 PcoREFeBRPHase, and chol esterol

oxi dase whi ch react m%hh the.gongohen%s of, bl ood an%.the sane SOl ring
agents as nentioned a selﬁ3§ Be“¢PIE ?rcﬁFF8ﬁ§rF$F ﬁﬁ@agegﬁgﬁt y

[ te th j ' ' ' ff
|ncorporat e therend ZafiifbetyBal uLk Ry plogaaoRyPRBsELRE Srechy Bulfer
limted to those,uhich 21ngeHLLONSHoBRANEnRIoNlfEdeibRY will provide a

col oration signal ~at the obServed faCe of the secon ayer 53b. The porous

menbrane pf the firstrhayesrtalaighqglh blectkbndampibi 9nedtrabenauRrtekepabl y
contains pores of a dianeter such ?hat the blood cells, particularly the

red bl ood cells,isopt@feedbly) ansSen®l &pprofimate~rdny@Yof 1 2510NEM,be
passed t hrough the nenbrane. To be specific, the diameter of the pores in
the first |ayer b3ee ppeéfendblyi sni thé heppppxbxatat eangagefol 8 5 mfl.~cm
nore preferably in the approximate range of 10 - 30 ,um 5 If the pore
dianeter is undulfy thal samphe ambentcofiduéd HROoilscendslyolbagpassed wil |
decrease and the devel opability of blood will be degraded. |If the pore

di aneter is undutyangfee, of hehecpbeediby efrpihbarébyehekes| anpandulii ned
only with difficulty and 10 the sensitivity of coloration wl| be degraded
because ¢ oratib%i FiBe alfarhRroconiyiti in wndeixyphgrt, blood 18

(FIG. 13) may contact and possibly adhere to the outer
side of the end wall of the cap 51.
The leading terminal part and the basal terminal
part of the tube 52 are respectively a sample inlet
25 side terminal part 521 and a sample outlet side
terminal part 525, as illustrated in FIGS. 4 - 6.

On the terminal face of the sample inlet side



The first |layer 53a described above has an outside dinmension smaller than
'the outer dinension of the second |ayer 53b and it is positionfﬂ wthin 15
the radially inner side of the annular convex part 532. Since éwﬁhQMWar
convex part 532 obstructs the outflow of the blood toward the outer

peri pheral side as described above, the first layer 53a which is
responsi bl e for the devel opnent of bl ood_haggneed to 20 be di sposed
radially within the annul ar convex part 532 but they could have equal

out side dianeters. The thickness of the first |ayer~53a, though not
particularly critical, is pref bly in the roxi mate range of, 10 - 1000
um nore preferaﬁ?ﬁmﬁga#npgﬁﬁ gégro iﬁﬁ?gvﬁasgg Sngﬁn}c?géggnWl?ﬁetggcond
| ayer 53b is forned of th ane_pot ou Thr ane heet i ke _pon

substrate) as meftl o %dlnfiélcﬂﬁgukgpgzaegg %8 g%é? Aénsﬁggigﬁgﬂg§§ﬁﬁng of
t he porous nenbr n- e i e I S e .

menbr ane fiIter,ggﬁﬁprgftgﬁgpgﬁé§p%a§2%29%i?e%?géhgng h%?é??agg%%ﬁggﬁgare

avai | abl e for th&%é@éﬁPiEQB}gLﬁFh@héoﬁﬁﬂé aﬁnbr@p@ bppbHdeePahugsher s,

pol yam des, polyo I NS, po fones, and cellul oses, for exanple, which

are already nent{gppgdgabeve. 57heop8AONH LA¥ECHuBSR Férmpﬁéeaabwrffaeaeafof
an inherently 10 hydrophilic material or a material which has undergone the

treat ment intendgHet @ubapapt hydrophilicity. The methods for the
inpartation of hydrophilicity are the same as those already cited above.
The second | ayer 53b Thesyruetvedsag desakebed iloabpéehhdsrt baobdnanidon to
separate red blood cells as filtrate fromthe sanple. To be specific, the
porous nenbrane abichsfsupplyhefsthendlbageto58hepteter phpprcbidt &bnbepor es
of a dianeter such that at |east the red bl ood cells contained in the bl ood
sanple are filteeéfe@bedusmbygthhe ardbinfiallihéyebeceausehthdi aampée of the
pores in the second |layer 53b is preferablx not nore than 5 um nore
preferabl}0in t henkgbrofndait paPgesonod. glosgdswham thrgetsesndnall 4pep nay
be either an isotropic nmenbrane or an_ani sotropic nmenbrane. 25 If the pore
di aneter is unduP§ thegeamphe iekeb| sbdecErrBinpl| PpaksS2helisebsREINAYer
53b and transfer to the basal face (neasuring face) side of the _test 17
MAY 2ppp - 27 phBEP SRNEAGCWIEFRpRsERBFFCRegPaR PRetRBEUPACH SANIST.

measur enent of the colo devel oped.. The .first | ayer 53a and the

whi | :
second | ayer 53bdﬂ5§n%e£?%i%égl?%?bﬂﬁh%gtbﬁ?oﬁartIy intheir entire

Referring to FIG. 7 if Lj; denotes the total

15 peripheral length of the part forming the boundary
between the groove 522 and the sample inlet conduit 520
and dy denotes the inside diameter of the sample inlet
conduit 520 (the inner diameter near the sample inlet
mouth 523), the relationship

20 Ly < IIdg] X 50% cee (1)
is preferred.

As a result, the start of the aspiration of blood
by the sample inlet conduit 520 can be attained quickly
and smoothly.

25 The depth P1 of the groove 522 is not particularly
critical but may be selected, depending on the

condition of the skin. Generally, it is preferably not



5 surfaces or may be sinply superposed wi thout using any binding force. The
‘t hi ckness of the second |ayer 53b, though not restricted particularly, is
preferabl'y in the approxi mate range of 10 - 1000 ~cm nore prefkﬂ€NDNYa?ﬂ 10
t he approxi mate range of 50 - 200 um It should be opaque enough t hat e
presence of filtrate such as red cells on its rear face will not affect
readings fromits test face. A fixing part %83 Ls fornmed on the outer 15
peri pheral part of the test paper 53. A plurality of fixing points 534 are
formed intermttently (preferably as spaced at intervals of an equa

di stance) al ong o] eni phe t .paper ,
illustrated in Fﬁg?slghgéoeAé §Rré§§|ﬁ?E§n§%8%?%§%?§iéﬂaﬁ gwggp?%x65§ge

through the intepyg étﬁ@tbﬁﬁn-tﬁ?aa hacest kil QoB@E“§225§§-uWﬁ%ﬁ he

bl ood flow ng out o e sanple outlet nouth 527 spreads on the test paper

53, the air entrgppedol,) tHe BaBsadeaB? biBoPARRl §tM §381VBELoRe | S
efficiently 25 discharged and the Spread of bl ood can be carried out nore

qui ckly. The testnBapehic?3niByebpeeeangditoat heghamRb8surd 1sMA%eseRd - 28
outl et side termnal part 525 by fusion or adhesion with adhesive agent. As

aresult, st is parenstakliy.supported and fixed on the cap 51 and possible
def ormati ons (bend, warp, wave, etc.) of the test 5 paper 53 can be
prevent ed; these coul dhgi pyarpose bd gaps graodeolsr st thize geavel efrent of
blood. FIG 13 is a side viewillustrating the way in which the tip 5 1is
used for coll ectthg beondnalAsfatkustr ahedsbheidei nnlekesddel serimdamadf bl ood
is 10 begun by puncturing the finger tip (or the earlobe) with a needle or
a surgical knifepant fdlcimay bbtodongacs thewskin wheoughet herpianetdure in a
smal | anmount (for exanple, in the approximte range of 2 - 6 ul) onto the
skin. 15 Meanwhi facet he pilpcsdi agpédaaedtha skanii ghd tBAsumpigbgart 4 of
the anal yte nmeasuring device 1 and the termnal face of the sample inlet
si de termttal paffhieyeds iphdiffigeesd vavBrofigkt SXATELEoRYaEPTHILE t he
skin. The bl ood 18 in the finger tip flo through 20 .t he grogye 522 and

i 4Ep

reaches the sanpfePtHFetifBuPh §5%°%RA8, °6n berrgla¥pi(Lat & 8RfFi Plarity,

fl inside th le inlet duit 520 i di ti f th

Lerm nal and 1 oaBhGEFRe SRRpPESBRLPL SROUPH 509 SARDLR LR PhelORhlr 82% no
ibilit ft 5. h i i i i vel

gﬁgzgr;eh gnotheggk?hggga%géétég?eéiﬁgéa??%{EEQPFgg?ﬁgeﬁéﬁgggz%gtég t hr ough

the lateral sidergpRThAOCRBR! pokallE) SOKESHRR o BahpBEVaBPRB 1odln (!he

part opened in the out peri phera e of e he bl whi ch
has reachegl the gaapPkempyb! eh18PULBnad i 8281 0ught into contact with and

absorbed by 5 the convex part 531 of the test paper 53 and part of
The sample outflow side terminal part 525 (FIG. 6)
of the tube 52 (on the test paper 53 side) projects
slightly toward the tip interior side (basal terminal
side) from the end wall 511. On the terminal face
20 of the sample inlet side terminal part 525, a second
groove 526 communicating with the sample inlet conduit
520 is formed. In the illustrated example, the groove
526 is a straight groove extending in the direction
of the diameter of the tube 52. The opposite terminals
25 of this groove 526 open in the outer peripheral surface

of the projecting part 525 of the tube 52.

Owing to the provision of the groove 526,



the blood is allowed to pass through the groove 526 and reach the gap 54.
‘The bl ood which has flowed into the gap 54 is absorbed and devel oped by the
adjoining first layer 53a of the test paper 53 and neanwhil e expanggd 4?&
radially in the direction of the outer periphery. As the absorption an
devel opment of the blood by the first |ayer 53a and particularly the
absorption in the vicinity of the convex_pafg 531 proceed, absorbing power
continues to be effective in the sanple inlet 15 conduit 520 to cause a
continuous supply of the blood to the first |ayer 53a. Even when the anount
of the blood 18 on t finger tip iis co ratively.snal t he bl pod, can be
supplied to the Fﬁ?sgf?gge S5§8r§?ﬂsﬂub§g$¥ 83 R%fﬁ8ﬁ?5¥nﬁvfﬁ ﬁ§§t§?5t
Conversely, when_the a i.,s |.arge and

t .of. the blood 18. on the.fi i

i s supplied exceB3PFE| ?%“?ﬁ%h?iﬁﬁ?sﬁgﬁﬁ?“ggg? ?ﬁ&aéggg{ﬁP%§t9°8P'the

bl ood | eadi h i d i ng_t h

“nner face of ¢ nEaBar cfebgipeLoRE RRIpA LN dph0eBl B GhkpTe 1C,

peri pheral par ts; 9 prechuded begayserbilgagsaessohl 98d banbebabiedskn he
y t I MAY ~p2 - 30

sanpl e reservoir and prevented e annul ar 1 convex

part 532 fgom fleuhEH 99 aﬁaaggréas esigraatheephpber perIpReeycogs bl ood,
therefore, is handled nore safely because it exerts no adverse effect on

the next round ofnhgeespheABIt papd Has Voapersi Brbbiy 9beSanaushag infection
during the disposal of the used tip 5. In conséquence of the supply and
devel opment of béepglosdtbe ahdsdelvayépe83an the tasgepapseel gBe (gl ucose,
for exanple) in the blood reacts with the reagent deposited on the first

| ayer 53a and the tesRefBrpapgrtb3rassuBpsid Lgl denptepotheonatally to the
anount of the analyte. The bl ood conponents (excluding red blood Cells)

whi ch have been petbphdral gtanethoof hthgepantl Eayming3bhendoooHeryt he
second |l ayer 53b in the sane color tone with the sane intensity. At this 15
time, sint@ the betwéenotheepreove bhe andothareaprisednipiogghdups PLPst

| ayer 53a but are not passed through the second |ayer 53b, they stagnate in
the vicinity of apd @muﬁﬂ%?Veﬁthﬁehnﬁh@efﬂiémeFayePfSBBeaﬁémPﬁé dadsid

| ayer 53b. 20 The target analgte (bl ood sugar level) in the bgood ii f ound
by measuring theCPRERREi 25V of CR| HRBRF oAl BPCERE BRRENENPAFRIPESHOWELR Tt he

anal yte neasuring devi linth nner descri bed ve. The red bl ood
Cell's which are %Y%i%ga)int?ﬁegﬁfgﬂﬂlﬁﬁef?rWBPﬁd&i?ge 25 effect on the
measur enment of col or th e er because they are filtered out t he
second | ayer 53b, retggnédﬁﬁk ﬁ%eg€ cinity of the boundary betweér (I?%I
MAY 2002 ;- 31 t j er 53a and the second | ayer 53b, and prevented
fron1nigr%&ing t%%aé%éfégiﬁ%éal term nal face of the second |ayer 53b.

Thus, the accuracy of ,geaspegiept €8 BeoBuInhienTREsh@nmlmeb elkeet of red
bl ood cells and the Iike is elimnated to ensure accuracy of measurenent.

Because the firsthéay&fipbdaonessesmbeehbbpndoecethe aadpreammhbete devel ops
coloration; this devel opnent proceeds quickly and uniformly. Al so because

the bl ood 10 compomdnis 2xctamnibg deffbseddanel dsvabdpadymorbegquickiyat e)
whi ch have been colored within the first layer 53a mgrate to the second
| ayer 53b and coamd s$hadtlskyotowhdagethewtbethperiéphétyt bfit thheteatensity
of the resultant coloration can be used for neasurenent.
20 paper.
The depth P2 of the groove 526, though not
particularly critical is preferred to be not less than
0.01 mm generally, and to be in the approximate range
of 0.05 - 0.5 mm advantageously. If the depth P2 is
25 unduly shallow, the groove 526 will possibly fail to
fulfill its function properly.

As with groove 522, a plurality of grooves 526



15 For these reasons, the tinme required for the measurenent can be
‘shortened. When the cap 5 is used, the blood 18 which has fl owed out onto
the finger tip can be supplied and devel oped on the test paper153Muui
and infallibly 20 by a sinple procedure without reference to its ano . As
a result, the nmeasurenment error is extrenely small. Specific exanples of
enbodi mrent w Il now be described bel ow. MWrkyngs Exanple 1 25 A bl ood sugar
| evel measuring test paper was nmanufactured in the shape and construction
(two-layer lamnate) illustrated in FIG 10 - FIG 12. 1 7 MAY 2pp2 - 32
The conditions of _t f mpon nt rtf of .th tesh B PEL were as fol | ows.
First |layer 53a T&Y¥e ?a @f rﬁ% %sél?hga?oﬁ PPPCYL (HabECBS’'5 M I 1ipore
Conpany) Qut si de dlane 4 2_.mm Th n 3 e f pores: 12
% gﬁ%oggr%%é g%gglc%’s‘ﬂ%h 529" o

, um Reagent s dep et e I pyrrne,

N-ethyl - N-(2- hyd&ggyséméyéLgﬁgeyéanamogbdsgzgﬁlﬁhﬁé\wwt%ha reagents

deposited: GOD est paper test paper 15

4- Am noanti pyri g test +pa econd
| ayer 53b NhterF§T9QE%I£g€ﬁ%§ %ﬁ%xlgggﬁo%ﬁ?glg)ﬂéﬁggg %é Eg 98%g§nan

Conpany) 29 Qutsigle Q&@@?&E{nl§t4cgﬂaJhtC§@@SS 135 ~cm Di aneter of pores:
0.45 uma s Dianeter of convex part 531: 0.4 mm 25 Hei ght of convex part

531: 0.3 mm I nside diapeherasf idnagtaste@nyaxrpart 4533: gAp354mis fofmbAY
2p02 - 33 Wdth of annular convex part 532: 0.3 nn1kb|ght of annul ar

convex part 532:if.Shamdbess52 esidpaperthastset papprabsd,i namelyp of the
construction illustrated in FIG 4 - FIG 8. 5 The conditions of the
conponent parts bétwédes the tese pspshohd sedovheMhhperasidé oEptheoper
Acryl resin (hydrophilic) Qutside dianeter of tip proper: 9.5 - 11.0 mm

| nsi de di aneter efidtwalbrdpkrof othe-cdp. Bl mm TDisngage5di duncbions sanpl e
inlet conduit, dl: 0.7 mmlnside dianeter of sanple inlet conduit, d2: 0.7
mm Lengt L®f sanpid imlehe cdhetiibutionn@f blood on the test paper 53.

To be specific, since the blood which has flowed out
of the sample outlet mouth 527 of the sample inlet
conduit 520 expands radially through the gap 54 by
capillarity, distribution of blood on the test paper 53
15 (particularly on the first layer 53a) can be attained
quickly and uniformly.
The depth of the gap 54, though not particularly
critical, is preferred to be not less than 0.02 mm
(average), particularly in the approximate range
20 of 0.04 mm - 0.4 mm. A gap 54 having this depth can
fulfill the function mentioned above very effectively.
The depth of the gap 54 may be constant or may be
varied (gradually decreased, for example) from
the central part of the test paper 53 to the outer
25 periphery thereof.
On the outer periphery of the gap 54, there is

a sample reservoir 55 in the shape of an annular



15 Peripheral length, L1: 0.7 mm (= 11dl x 32~) Depth of groove 522, P1:
'0.5 nm Peripheral length, L2: 0.7 mm (= 12Zd2 x 32~) Depth of groove 526,
P2: 0.3 mMm Wdth (depth) of gap 54: 0.1 nm 20 Depth of sanple1qegﬁigﬁlr 55:
0.3 mm Hei ght of spacer 56: 0.5 nm Method of fixing test paper

fusion at the fixing points laid out as illustrated in FIG 11. onparatlve
Exanpl e 25 A bl ood sugar | evel neasuring-tegB paper fornmed of one | ayer of
porous nenbrane was nanufactured. The conditions of the conponent parts of
the test paper a~~Y~ - 34 were as shown bel ow. Porous :nmenbrane

Mat eri al : Pol yet f rophilic). (ppd y I 5
Qut si de d|anetergggr§¥L18?h?cﬂ%g§§8 ﬁ 38 wigﬁ %h? ngfE4G§hHBBSF§ngQ%&

Reagent depos!teg gggvgﬁgﬁg£%% ggg E} Idggthc sﬁ?tthgﬁg B&gégewggehlng

exanpl e descri be anmeter o convéx part ame as in

the working exann%s ggggéggggdﬁgggg tggbgﬁh ehecaa e Parko?3dcre@aNBnas in

t he worki ng exanpl e si de dla ter of annul ar convex

part 532: Same agnéNshig1¥0rks89vEX2NBEeafasesi Badraheyea W-ehhmek idgnul ar
convex part 532: Sane as in the working exanpl e descri bed above. Hei ght of

annul ar cosivex panithe?: tSeaBdasthd dQtékepwrijhagyexagnkeydesaairaed above.
This test paper was set in place in the tip having the sane conditions as
i n the worki ng~exhgppes flesoni fedwhboliethe, pestnpapet 83 Theffigkkdohiyng
experinment was perforned by using the tips of the working exanple and the
conpar ati ve exanpiibesiod bérMAYs?pp2 -L88kade bfiessapphe, bbboddthéresvee ,t o
have a bl ood sugar |evel of 186 ng/dl was prepared. Four (4) ,ul of this
bl ood was broughisiprevenhedceveint wheheaheastagst efnthel bdpodhéssl ender
tube of the tip and caused to 5 be aspirated into the sanple inlet conduit.
The time at whi cqaxq:ﬁ%sbv%n supplied.t oABha EBAVdk,phlpod3contampnatdaner
of the test paper an_to be diffused radially fromthe convex part 531
was takenl@s t heCfeh gﬁrih@hFlﬂﬁaSQrfgécBﬁHF 4pPri AtBRYaParsf 26 one second
bet ween the first through 18t h second, .the |I? proj ected on the bl ood
supply side of thBetame $Eﬁeweéﬁﬂr%%€e9986c8n tﬁ@noBEOEF?¥e§|89 mere

ted f th th b b f . th flected | Th
S R, H L S TR
h t th f
g 201, veo compit | g acqgr doage LI AN 8k Q10 (oL Bl (LI naons
bl cod) ]/ I I f d
SEETHIRCE A G AR e e

procedur e; of theaﬁ&p€ﬁé”RBidérd@§¢&h@ﬁdtﬁéo¥§gmﬁ'hg méhagdbhaoghaduqah%d to
have a bl ood sugar |evel of 25 292 ng/dl as the sanple instead. The results

are represented Ibé{aéthﬁlﬂdja,ﬁﬁrtntl FbE tAS. anhAtyBbsSAeRateenyNdbiiecer aph was
conputed in accordance Wt
This spacer 56, as illustrated in FIG. 92, is
formed of a plurality of convex parts, here, four
circumferentially spaced at angular intervals of 90°,
20 laid out along the peripheral direction on the inner
side of the end wall 511. During the loading of the
tip 5 in the light measuring part 4, it lodges against
the leading end of the holder 43 of the light measuring
part 4.
25 Further the spacer 56, during the loading of

the tip 5 in the light measuring part 4, also maintains

fixed distances between the test paper 53 on the one



17 MAY 20Q2 - 36 the fornmula (I11) nmentioned above. It is clearly noted
'fromthe graphs of FIG 14 and FIG 15 that the working exanple of this

i nvention, as conpared with the conparative exanpl es, developéd BlAY 0
sanple at a high speed and the intensity of coloration (absorbance o
reflected light) was stabilized within a brief time. By using the tinme at
whi ch the graph substantially reached equilibriumas the end point of the
measur enent, the bl ood sugar |evel 10 could be nmeasured quickly with high
accuracy. Workingr Exanple 2 A test paper was produced by follow ng the

?Lgﬁ?ﬂziin°ga¥?{§§9€5§§%&”’§¥ b%u%%%%ﬁfzf‘?lﬁa%ﬁéfa' SR 15,
“by"Tof . | Fof 1
Fim oo, Lia, ) Fegehy B0 ot BRGhENhE BF YRS TLoRL hORRMETROCPREL | pe

| oaded on a chipoj! Listsehed ff: rfl G rfle- shh&er8tngl YOaLEBET oEXBRB! 853 A
test paper was produced by foflow ng the procedure of Wrking Exanple 1

while using a fihshsh¥menefdaentbr fheslapobiet hetnsuhfseantBBdRRY i Bakh
Gel man Corp) and 25 a second | ayer of an anisotropic pol yether sulfone

(made by Rji PhgbeviwitKoconséfuenbavangadipar efdtraeleghef vAl4ss and
this test paper was | oaded on 1 7 MAY 2pp2 - 37 a chipillustrated in
FIG 4 - FIG 8.ctxpeibuesas BoAacexpacynedtmaasupenéntoed on the chip of
Wor ki ng Exanple 2 by followi ng the procedure of Experinent 1 5 while using
bl ood adjusted to havEhe bhapofilsagdr thevehbef 5222ongtdhcasdt e sanpl e
instead. The results are represented by the graph in FIG 16. experinent 4
An experinment wedeperibedeabovet avechopmed $br&imgtediskahpivéng by
follow ng the procedure of Experinment 3. The results are shown by the graph
of FIG 17. Wil2 deeiecdaniabebhy shobf eencueserepasprliae eésthpapsigadd

the anal yte neasuring tip of this invention wth reference to the
acconpani ¥l dr av@eRCial, j¢aFpous resinous materials including acryl

type resin, polystyrene, polyethylene, polypropylene,
hard polyvinyl chloride, polycarbonate, polyrnethyl
methacrylate, ABS resin, polyesters, polyphenylene
sulfide (PPS), polyamide, polyimide, and polyacetal

15 and polymer alloys and polymer blends containing at
least one of the compounds mentioned above may be cited.
Among other rigid materials enumerated above, such
materials as acryl type resin which have high
hydrophilicity and such materials which have undergone

20 a treatment intended to impart hydrophilicity prove
particularly advantageous because they are suitable
for quick introduction and development of a sample.

Besides such physical activating treatments as,

for example, plasma treatment, glow discharge, corona

25 discharge, and irradiation with ultraviolet light,
the impartation of hydrophilicity can be attained

by the addition or application of surfactant,



15 be distinctly understood that the invention is not limted thereto. The
‘test paper of this invention does not need to be limted to what is | oaded
on the ti'p 5 as described above. The test paper may be manuf dct MAR dy 2
arbitrarily 20 in various fornms such as, for exanple, what is forneépsolely
of itself, what is superposed on a basis (substrate) shaped |ike a plate or
sheet, or what is retained (particularly_nipged) by a holder. The working
exanpl e, as descri bed above, used 25 blood as the sanple. This invention
does not need to limt the sanple to blood. The sanple may be urine, Lynph,

b inal flui | i .oth jm.l 1 | MAY,20p2 - 38 bodi
hamor or & di | ¥aeESRabYBher hifageh. ohYirBlvesheyh B E0RGERen t hor cof |
Th | yt i med t d limted t
orape sugar (bl cearepty P R PUREEE pURERpOBY DR AARRE, | O r T 1O

rape sugar (bl obd <t _ ofpre L
or hemogl obi n'(occul 1 BPobAs P TRRSaRES T ROty PG ey eRf FEPed it h the

test paper or th@ifra$at&e§§f§ﬂéan91£hpr@§éeéﬂgagt50F&bL89190ipw@nthgn does
not need to be limted to at operates by optically neasuring the

intensity ©f col or of phBggheshePaR8E phApeR B3siaspwegdrila ¢el Gavin
consequence of the reaction of the analyte in a sanple with the reagent,
conputing the magathugec ofcieasuseaEall 16hbpsedsonliietkaselt, ot tbe
optical neasurenent, and displaying the outcone of the conputation. It may
be adapted to oprotteedysehetlyi sal | yForaswampliea pdieptial, ehaage,which
arises proportionately to the anmount of the analyte in the sanple,
conputi ng 20 t heremgangutier pf rhembic eardt obhsedquadrhéaberadas of the

el ectrical measurenent, and displaying the magnitude. As described above,
the test paper abuiahgubanlyhexagasatlinandi pchagondlnghepeshige nvention 25
can heighten the speed of devel opnent of the sanple on the test paper and
curtail tHe tinmepeegiblted for the devel opment. They al so shortens the tine
whi ch 1 7 MAY 2p02 - 39 recedes the stabilizatign of the state of

col oration. As a resuWVpeni RBentgstr BARRE €dnhBE expddriidgr shape,

the outside diameter of the test paper 53 is preferably

in the approximate range of 2 - 10 mm, more preferably
in the approximate range of 3 - 6 mm.

15 The thickness of the test paper 53 is preferably
in the approximate range of 0.02 - 1.0 mm, more

preferably in the approximate range of 0.05 - 0.4 mm.
The test paper 53 is provided at the central part
thereof, namely at the position fronting the sample
20 inlet conduit 520, with a convex part 531 protruding
toward the sample inlet conduit 520. Though the height
of this convex part 531 is not particularly critical,
at least the leading end of the convex part 531 is
preferred to be insertable into the sample outlet
25 mouth 527 of the conduit 520.
Therefore, the convex part 531 Preferably has

at least partly a diameter equal to or smaller than



The nmeasurenent of color can be attained with high accuracy by elimnating
‘the otherw se possible effect 5 of red blood cells and the Iike. Further,
the anal yte measuring tip according to this invention allows conven amy, 2002
quick, and infallible collection of a sanple and effects necessary

devel opment of the sanple on the test paper without 10 reference to the
conditions of the sanple such as, for exanptge, constitution and anount of
the sanple, site of collection, and technique of collection. As a result,
it is capable of affording an accurate magnitude of neasurenent. 15 The

| yt [ ti | , h | d sinpljfi th ti f
i athrent ¢ her oot PSS LFGR L oAt it PR St e cou bk ErmRER 527 1t can'be
il dinfalljpbly |oaded i ipLLit f
Tmvol ving error O Hesth e HiRE 20 Fhoy Epet 18 APES A1 1 Yehment

therefore, can be greglyled: o Ths, £ont AL NALL gfl dyp R0 A0BRSLRNRELL N

sanpl e can be prevented an e used analyte neasuring tip can be discarded

wth high sal ets3 25 Db Agedfab i {ﬁcwés?ggyaﬂﬁaeg 2BAYE. okhe anal yte

measuri ng device contributes advant ageous to the automation of the

neasurenmeny. Iy pMAY 1 R, Ghd¥dSderdrdSBy PAPEhef @ppLekOhhBBIIi C

assessnent of an anal yte, such as Dbl ood sugar in blood, at a test face

t hereof characterirggs &y haysng @ 4ims! PPROUShhpYErshag| ngttheogin a
reagent capabl e of assuming a color on reacting with an analyte in a

sanpl e, such as th®otbsugarpant b PDdds anpt encadidta secbidipedous thyee for
separating a filtrate, such as blood cells in a blood sanple, fromsaid
sanpl e emanat i ngspeoif idd dhosvé bayenaytbe pespefhyesébeabed faceudft the
second |l ayer renmote fromthe first layer and wherein said first |ayer
substantially passels fadtofs|as athe stchsassétbbanceshape?2. epct egf paper
according to claiml1l, wherein said first |layer and said second | ayer are
each hydrldbhilicthg saupletinpbpercerdwidipglto claim 1l or claim2, wherein
pores in said first layer have dianeters in the range of 8 - 50 um4. A
test paper accordi ng TBeaggnvexcparks53lt Bravidadr éPnthsr B8NPRTYsai d second
| ayer have dianmeters of not nore than 5 um 5. A test aﬁer according to
any of claims 1 4%§%¥19ﬁ%r%?ﬂv%a?ﬂag%ﬁilEh?sb%BO%eWBFSEd ﬁﬁdpﬁﬁéegaper is

d d idfil | ood | 1 j imaril d
bllood cel I's. 6. hrandh,eae esmelfnfrfefioeider P20 nkackf RgpeThesh on

anal yte measurin device.tfe #ip beigg €rogiged ith a tube projecting from
saidtipto forﬂﬁ%r%dﬁﬂh?% Yor® ??o 2 h% Be5afpre to the inside of the

D, d ; - i 1 . =, 41
tip, an test papewgg;géghggﬁégﬁggxi g%lf LBy Pros"rl&ewaa&’%l to

5 di sposed i nside the uding alrow ng a sanp ¥upp|ied
to an inlet of Sfﬁgi&é‘bfté%Q@eﬁ%‘y@yﬁgr?ﬁhé{t?t#ftﬁfaﬁf'ithh%}:t ¥oftfegai d
tube to an outlet thereof, supplyling and devel oping said sanple 5 toward
said first |ayerpoftssagl pestr®abey, inithersaget Hersetpbe b8 hhe second

| ayer and nmeasuring the color of the sanple at said test face side of
second | ayer. 7.céntépedronitied édbnwvee padt pHBLionitheleafiingt bnd lLsadi ng
part for fitting to an anal yte neasuring 10 device characterized in that it
has an oppositelgppooniteettmgahdheay oben igsersedpie tbadsanplat eadedvoor
collect a sanple and in that it has disposed in comrunication with the
sanpl e o0 et of5S3anentideed aksvepaper according to any of clains 1 to 5,

15 for capillary delivery of the sanple along the conduit )
This annular convex part 532 has the function

of regulating the development of blood on the test
paper 53. It obstructs the outflow of excess blood
radially beyond the periphery of the test paper 53b.
25 The diameter of the annular convex part 532,
though not limited particularly, is preferably in

the approximate range of 70 - 95%, more preferably



to the test paper. 8. A tip according to claim7, wherein said tube has in
‘the sanple inlet thereof a first groove communicating with said sanple
conduit. 20 9. Atip according to claim8, wherein said first groove
extends diametrically of said tube and opens on the outer periphetZIMAY 2002
surface of said tube. 10. A tip according to any of clains 7 to 9, wherein
said tube has at the sanple outlet thereqf 3§ a_second groove comunicating
with said sanple conduit. 11. Atip according to claim 10, wherein a part
projects inwardly adjacent said sanple outlet and said 1 7 MAY 2002 - 42

second groove is.forped in said projecting _part t xtend dianetrically of
sai d tube and op&Rst§ aﬁpﬁﬂféwaggr'Bﬂgﬁagfsgpfécgsgﬁ 8di &hsr gudsdidsy part .

12. Ati di,r | ai 7 1 i h h
conf ront I ng. sai CSAMFEECHRALPE oBbnbERSare prBLElar Ry TBwaneReR sami e
conduit. 13. A tjp @Egogggggdtgaﬁggisbég, wherein at |east the |eading

e

portion of said convex part s Inser 10 into said sanple conduit. 14. A

Hip according Lo any sheclalih Bel 8ni3anthiaa Bobed 3l paper faas wi thin

its outer periphery an annular convex part. according to claim

14, whereig the pHiesbrdb1laYRr tRE 8BbfokeRhtR2R8hgkeHH BAHAS Wit i B he
radially inner periphery Of said annular convex part. 16. A tip according

to any of clai ”Fm@réopiéfei\ﬁ_ﬁlgi Inséhé hBproRaRBEel $aRgaVLEed on the outer
peri pheral portion thereof with a part fixed to an 20 inner face of said

tip. 17. Atip agcosding.somal ai ThdbhejRtebl $hkdapanllairs cbnyes
intermttently to the tip by fusion or adhesion. 18. Atip according to any
of clains 6 to 1Parf553Ri th psefeadbilyohnathestppapeimbheadiraggpabf of said
anal yte neasuring device and is provided with separating neans for ensuring
absence of conta@t02 4 ¥.0M¥mZppere pBefbeabidgninaktet apprpapmatand sai d
test paper |oading part during the |loading. 19. Atip according to claim
18, wherel® sai draegarafi fg0heand.smm bpweverproj ecting on the inner 5
face of said tip and adapted to collide against said test paper |oading
part. 20. A tip accordhfigshapanydémespaprns Tdiemegerwhwisith t heiighter

di aneter of said sanple inlet conduit is in the range 0.3 - 1.0 mm 10 21.
A tip according €6Chn9fobhel anpelargopyex part 532 may be freely

selected to suit the shape and other features of
the cap 51.

15 The convex part 531 and the annular convex part
532 which are constructed as described above may be
formed, for example, by patterning in a die (projecting
the basal terminal face of the test paper 53 by
exertion of pressure as with a punch) or by mechanical

20 cutting.

The test paper 53 constructed as described
above is composed of the first layer 53a and the second
layer 53b.

The first layer 53a is what results from

25 depositing a reagent such as a coloring reagent on
a carrier capable of absorbing a sample. Preferably,

this carrier is formed of a porous membrane or other



wherein the length of said sanple inlet conduit is in the range 2 - 5 mm
".AlF. Au3. Anl . A3. Ar. A9. AL. A9. A9. AH . Ay9. AL. AyL. A% Anr. Al 9. Al % Al H9. A] 9. A9. A9
% Af (. A9. AH&% AH% A. A. A% Ay% AHY% Al . As_. AL. A9. AyL. AL. A99. AL. Asr.. Af U. A% A@ %
. AH&" * Fyz Cs 9O 17 MAY 2002
U>Twx{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] caU] cal&Hgz 2eQ& Z |
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because the layer is produced by the impregnation
with an aqueous solution having a reagent dissolved
therein and also because the layer is expected to
absorb and develop a sample quickly. The treatment

5 for the impartation of hydrophilicity is the same as

described above.

As specific examples of the reagent for
impregnating the porous membrane of the first layer 53a
which is used for the measurement of blood sugar level,

10 glucose oxidase (GOD) and peroxidase (POD) and such
coloring agents as, for example, 4-aminocantipyrine and
N-ethyl-N-(2-hydroxy-3-sulfo-propyl)-m-toluidine may be
cited. Depending on the kind of analyte to be measured
such reagents as, for example, ascorbic acid oxidase,

15 alcohol oxidase, and cholesterol oxidase which react
with the components of blood and the same coloring
agents as mentioned above may be cited. Optionally,
the reagent may incorporate therein a buffer solution
such as a phosphoric acid buffer solution. Of course,

20 the kind and the composition of the reagent are not
limited to those which are mentioned above provided
they will provide a coloration signal 'at the observed
face of the second layer 53b.

The porous membrane of the first layer 53a of

25 the kind mentioned above preferably contains pores of
a diameter such that the blood cells, particularly

the red blood cells, contained in a sample blood
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the diameter of the pores in the first layer 53a
preferably is in the approximate range of 8 - 50 um,
more preferably in the approximate range of 10 - 30 um.

5 If the pore diameter is unduly small, the amount of
red blood cells to be passed will decrease and the
developability of blood will be degraded. 1If the pore
diameter is unduly large, the deposition of the
reagent will be attained only with difficulty and
10 the sensitivity of coloration will be degraded because
coloration will be attained only with difficulty.
The first layer 53a described above has an outside
dimension smaller than the outer dimension of
the second layer 53b and it is positioned within
15 the radially inner side of the annular convex part 532.
Since the annular convex part 532 obstructs the outflow
of the blood toward the outer peripheral side
as described above, the first layer 53a which is
responsible for the development of blood has need to
20 be disposed radially within the annular convex part 532
but they could have equal outside diameters.
The thickness of the first layer 53a, though
not particularly critical, is preferably in the
approximate range of 10 - 1000 um, more preferably
25 in the approximate range of 50 - 200 um.
The second layer 53b is formed of the same porous

membrane (sheetlike porous substrate) as mentioned
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membrane filter, and filter paper may be cited.

The materials which are available for the formation of
the porous membrane include polyesters, polyamides,
polyolefins, polysulfones, and celluloses, for example,
which are already mentioned above. The second

layer 53b is preferably formed of an inherently
hydrophilic material or a material which has undergone
the treatment intended to impart hydrophilicity.

The methods for the impartation of hydrophilicity are
the same as those already cited above.

The second layer 53b constructed as described
above has the function to separate red blood cells as
filtrate from the sample. To be specific, the porous
membrane which forms the second layer 53b preferably
contains pores of a diameter such that at least the red
blood cells contained in the blood sample are filtered
out by the membrane. Therefore, the diameter of
the pores in the second layer 53b is preferably not
more than 5 um, more preferably in the approximate
range of 0.2 - 3.5 um. The second layer may be either
an isotropic membrane or an anisotropic membrane.

If the pore diameter is unduly large, the red blood
cells will pass the second layer 53b and transfer

to the basal face (measuring face) side of the test
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measurement of the color which developed.

The first layer 53a and the second layer 53b
may be joined throughout or partly in their entire

5 surfaces or may be simply superposed without using
any binding force.

The thickness of the second layer 53b, though
not restricted particularly, is preferably in the
approximate range of 10 - 1000 um, more preferably in

10 the approximate range of 50 - 200 um. It should be
opaque enough that the presence of filtrate such as red
cells on its rear face will not affect readings from
its test face.

A fixing part 533 is formed on the outef

15 peripheral part of the test paper 53.

A plurality of fixing points 534 are formed
intermittently (preferably as spaced at intervals of
an equal distance) along the outer peripheral part
of the test paper 53 as illustrated in FIG. 1l1.

20 As a result, ambient air is allowed to pass through
the intervals between the adjacent fixing points 534.
When the blood flowing out of the sample outlet mouth
527 spreads on the test paper 53, the air entrapped in
the gap 54 and the sample reservoir 55 is efficiently

25 discharged and the spread of blood can be carried out

more quickly.

The test paper 53 may be secured to the sample
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with adhesive agent. As a result, it is more stably
supported and fixed on the cap 51 and possible
deformations (bend, warp, wave, etc.) of the test
paper 53 can be prevented; these could give rise to
gaps, and obstruct the development of blood.

FIG. 13 is a side view illustrating the way
in which the tip 5 is used for collecting blood.

As illustrated therein, the collection of blood is
begun by puncturing the finger tip (or the earlobe)
with a needle or a surgical knife and forcing blood 18
to flow out through the puncture in a small amount
(for example, in the approximate range of 2 - 6 ul)
onto the skin.

Meanwhile, the tip 5 is loaded in the light
measuring part 4 of the analyte measuring device 1 and
the terminal face of the sample inlet side terminal
part 521 of the tube 52 is brought into contact with
the skin. The blood 18 on the finger tip flows through
the groove 522 and reaches the sample inlet mouth 523
and, on being aspirated by capillarity, flows inside
the sample inlet conduit 520 in the direction of the
basal terminal and reaches the sample outlet mouth 527.
At this time, there is no possibility of the blood 18
on the finger tip being excessively dispersed on
the skin and wasted, since it is effectively aspirated

through the lateral side opening part of the groove 522



&3 10%g& ()- F1910%& ()- f/10%g& ()- <7<8<9<: <<<| <P<~<bC F1

' GLO%T& () - LLMLO%T& () - 94.0%m& () - G&10%r& ()-M 10g 10g 10g

T10%& () - ~<<<=I =U==dEbC F1 10%m& ()- 10%m& ()-F,f10%m& ()- LfLOME 2 v
10%1& ()- y910%m& () - ===%U>>>dEbC F1 S 10%m& () SF10%& () -

10%1& ()- 10%1& ()- 10%1& ()- glO%T& ()->>>4?WP?2dEbC F1 +10%1& () -

) 10%r8' ()- ' 10%r&' ()- ¥%s10%m&' () - &$l " 10%m85¢) - - 3" MLO%I& () - ??$@@BBRIELC
F16" 10%m& ()- 510%m& ()- &3y10%m& ()- F1&LO%M& () -

f/ L0%T ()--"10%T€’ () - GLAWAXAYAZA\ AcAPAbC

R RN R A IR G
the tube 52).
The blood which has reached the sample outlet
mouth 527 is brought into contact with and absorbed by
5 the convex part 531 of the test paper 53 and part of
the blood is allowed to pass through the groove 526 and
reach the gap 54. The blood which has flowed into the
gap 54 is absorbed and developed by the adjoining first
layer 53a of the test paper 53 and meanwhile expanded
10 radially in the direction of the outer periphery.
As the absorption and development of the blood by
the first layer 53a and particularly the absorption in
the vicinity of the convex part 531 proceed, absorbing
power continues to be effective in the sample inlet
15 conduit 520 to cause a continuous supply of the blood
to the first layer 53a.

Even when the amount of the blood 18 on the finger
tip is comparatively small, the blood can be supplied
to the first layer 53a (test paper 53) without any

20 waste. Conversely, when the amount of the blood 18
on the finger tip is large and is supplied excessively
to the first layer 53a, the possibility of the blood
leading out of the test paper 53 and adhering to
and smearing the inner face of the barrel part 52,

25 the light measuring part 4, or their peripheral parts
is precluded because the excess blood is retained in

the sample reservoir 55 and prevented by the annular
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periphery. The excess blood, therefore, is handled
more safely because it exerts no adverse effect on
the next round of measurement and has no possibility of

5 causing infection during the disposal of the used tip 5.
In consequence of the supply and development
of blood on the first layer 53a, the target analyte
(glucose, for example) in the blood reacts with the
reagent deposited on the first layer 53a and the test

10 paper 53 assumes a color proportionately to the amount
of the analyte. The blood components (excluding red
blood cells) which have been colored migrate to
the second layer 53b and color the second layer 53b in
the same color tone with the same intensity. At this

15 time, since the red blood cells in the blood are passed
through the first layer 53a but are not passed through
the second layer 53b, they stagnate in the vicinity of
the boundary between the first layer 53a and the second
layer 53b.

20 The target analyte (blood sugar level) in the
blood is found by measuring the intensity of coloration
of the second layer 53b with the analyte measuring
device 1 in the manner described above. The red blood
cells which are contained in the blood exert no adverse

25 effect on the measurement of color by the tes£ paper
because they are filtered out by the second layer 53b,

retained in the vicinity of the boundary between
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face of the second layer 53b. Thus, the accuracy of
measurement can be high.

5 The harmful effect of red blood cells and the like
is eliminated to ensure accuracy of measurement.
Because the first layer 53a passes red blood cells
and meanwhile develops coloration; this development
proceeds quickly and uniformly. Also because the blood

10 components (excluding red blood cells and any other
filtrate) which have been colored within the first
layer 53a migrate to the second layer 53b and color
that second layer, with the result that the intensity
of the resultant coloration can be used for measurement.

15 For these reasons, the time required for the
measurement can be shortened.

When the cap 5 is used, the blood 18 which has
flowed out onto the finger tip can be supplied and
developed on the test paper 53 quickly and infallibly

20 by a simple procedure without reference to its amount.
As a result, the measurement error is extremely small.

Specific examples of embodiment will now be
described below.

Working Example 1

25 A blood sugar level measuring test paper

was manufactured in the shape and construction

(two-layer laminate) illustrated in FIG. 10 - FIG. 12.
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The conditions of the component parts of the test paper
were as follows.
First layer 53a
Material: Nitrocellulose (hydrophilic) . (made by
5 Millipore Company)
OQutside diameter: 4.2 mm
Thickness: 135 pum
Diameter of pores: 12 um
Reagents deposited: GOD, POD, and
10 4-aminoantipyrine, N-ethyl-N-(2-hydroxy-3-sulfopropyl)
-m-toluidine (TOOS)
Amounts of reagents deposited:
GOD - 250 ug/cm2 test paper
POD - 125 ug/cm? test paper
15 4-Aminoantipyrine 60 pg/cm? test paper
TOOS - 90 ug/cm? test paper
Second layer 53b
Material: Polyether sulfone (hydrophilic) (made
by Pall Gelman Company)
20 Outside diameter: 5.4 mm
Thickness: 135 um
Diameter of pores: 0.45 um
Others
Diameter of convex part 531: 0.4 mm
25 Height of convex part 531: 0.3 mm
Inside diameter of annular convex part 532:

0.3 mm
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Width of annular convex part 532: 0.3 mm
Height of annular convex part 532: 0.3 mm
This test paper was set in place in a tip of
the construction illustrated in FIG. 4 - FIG. 8.
5 The conditions of the component parts of this tip were
as shown below.
Material of tip proper: Acryl resin (hydrophilic)
Outside diameter of tip proper: 9.5 - 11.0 mm
Inside diameter of tip proper: 9.0 - 10.0 mm
10 Inside diameter of sample inlet conduit, dl:
0.7 mm
Inside diameter of sample inlet conduit, d2:
0.7 mm
Length of sample Inlet conduit: 4.2 mm
15 Peripheral length, Ll: 0.7 mm (= IIdl X 32%)
Depth of groove 522, Pl: 0.5 mm
Peripheral length, L2: 0.7 mm (= I1d2 X 32%)
Depth of groove 526, P2: 0.3 mm
Width (depth) of gap 54: 0.1 mm
20 Depth of sample reservoir 55: 0.3 mm
Height of spacer 56: 0.5 mm
Method of fixing test paper: Fixed by fusion at
the fixing points laid out as illustrated in FIG. 11.
Comparative Example
25 A blood sugar level measuring test paper formed
of one layer of porous membrane was manufactured.

The conditions of the component parts of the test paper
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Material: Polyether sulfone (hydrophilic) (made
by Pall Gelman Company)

5 OQutside diameter: 5.4 mm

Thickness: 135 um

Diameter of pores: 0.45 pum

Reagent deposited and amount thereof: Identical
to those of the working example described above.

10 Qthers

Diameter of convex part 531: Same as in the
working example described above.

Height of convex part 531: Same as in the working
example described above.

15 Inside diameter of annular convex part 532: Same
as in the working example described above.

Width of annular convex part 532: Same as in
the working example described above.

Height of annular convex part 532: Same as in

20 the working example described above.

This test paper was set in place in the tip having
the same conditions as in the working example described
above.

Experiment 1
25 The following experiment was performed by using
the tips of the working example and the comparative

example.
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As the sample, blood adjusted to have a blood
sugar level of 186 mg/dl was prepared. Four (4) pl of
this blood was brought into contact with the leading
terminal of the slender tube of the tip and caused to

5 be aspirated into the sample inlet conduit. The time
at which the blood supplied to the convex part 531
at the center of the test paper began to be diffused
radially from the convex part 531 was taken as
the measuring time, 0 (second). At intervals of

10 one second between the first through 18th second,
the light projected on the blood supply side of
the test paper and received on the opposite side were
repeated for the measurement of the absorbance of
the reflected light. The results are represented

15 by the graph of FIG. 14. The absorbance in the
graph was computed in accordance with the following
formula (III).

Absorbance = [Intensity of reflected lidht (before
development of blood)]/[Intensity of reflected light

20 (after development of blood)] X 256 <o (III)
Experiment 2

An experiment was performed by following the
procedure of the experiment 1 described above while
using blood adjusted to have a blood sugar level of

25 292 mg/dl as the sample instead. The results are
represented by the graph in FIG. 15. The absorbance

in the graph was computed in accordance with
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and FIG. 15 that the working example of this invention,
as compared with the comparative examples, developed
5 the sample at a high speed and the intensity of
coloration (absorbance of reflected light) was
stabilized within a brief time. By using the time
at which the graph substantially reached equilibrium as
the end point of the measurement, the blood sugar level
10 could be measured quickly with high accuracy.
Working Example 2
A test paper was produced by following the
procedure of Working Example 1 while using
a first layer of a polyester (non-woven fabric)
15 (made by Tonen K.K.) having a pore diameter of 1lé6pu and
a second layer of an anisotropic polyether sulfone
(made by Fuji Photo Film Co., Ltd.) having a pore
diameter of 0.45u and this test paper was loaded on
a chip illustrated in FIG. 4 - FIG. 8.
20 orki ample
A test paper was produced by following
the procedure of Working Example 1 while using
a first layer of a nitrated polyether sulfone
(made by Pall Gelman Corp) and
25 a second layer of an anisotropic polyether sulfone
(made by Fuji Photo Film Co., Ltd.) having a pore

diameter of 0.45u and this test paper was loaded on
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An experiment was performed on the chip of Working
Example 2 by following the procedure of Experiment 1
while using blood adjusted to have a blood sugar level
of 122 mg/dl as the sample instead. The results are
represented by the graph in FIG. 16.

Experiment 4

An experiment was performed on the chip of Working
Example 3 by following the procedure of Experiment 3.
The results are shown by the graph of FIG. 17.

While there have been shown and described the test
paper and the analyte measuring tip of this invention
with reference to the accompanied drawings, it is to
be distinctly understood that the invention is not
limited thereto.

The test paper of this invention does not need to
be limited to what is loaded on the tip 5 as described
above. The test paper may be manufactured arbitrarily
in various forms such as, for example, what is formed
solely of itself, what is superposed on a basis
(substrate) shaped like a plate or sheet, or what
is retained (particularly nipped) by a holder.

The working example, as described above, used
blood as the sample. This invention does not need to
limit the sample to blood. The sample may be urine,

lymph, cerebrospinal fluid, saliva, or other similar
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a concentrated solution thereof.
The analyte aimed at by the measurement does not
need to be limited to grape sugar (blood sugar level).
5 For example, it may be protein, cholesterol, uric acid,
creatine, alcohol, sodium or other inorganic ion, or
hemoglobin (occult blood).
The analyte measuring device fitted with the test
paper or the analyte measuring tip according to this
10 invention does not need to be limited to what operates
by optically measuring the intensity of color of the
test paper which has assumed the color in consequence
of the reaction of the analyte in a sample with
the reagent, computing the magnitude of measurement
15 based on the result of the optical measurement, and
displaying the outcome of the computation. It may
be adapted to operate by electrically measuring
a potential change which arises proportionately to
the amount of the analyte in the sample, computing
20 the magnitude of measurement based on the outcome
of the electrical measurement, and displaying
the magnitude.
As described above, the test paper and the
analyte measuring tip according to this invention
25 can heighten the speed of development of the sample
on the test paper and curtail the time required for

the development. They also shortens the time which
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5 of red blood cells and the like.

Further, the analyte measuring tip according
to this invention allows convenient, quick, and
infallible collection of a sample and effects necessary
development of the sample on the test paper without

10 reference to the conditions of the sample such as,
for example, constitution and amount of the sample,
site of collection, and technique of collection.

As a result, it is capable of affording an accurate
magnitude of measurement.

15 The analyte measuring tip allows easy handling
and simplifies the operation of attachment thereof to
the analyte measuring device. Particularly, it can
be easily and infallibly loaded in a proper state.
The possibility of involving error of measurement due

20 to improper state of attachment, therefore, can be
precluded.

The contamination due to adhesion of the sample
can be prevented and the used analyte measuring tip can
be discarded with high safety.

25 Owing to the factors enumerated above, the analyte
measuring device contributes advantageously to

the automation of the measurement.
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face thereof characterized by having a first porous
layer having therein a reagent capable of assuming a
color on reacting with an analyte in a sample, such as
blood sugar in bloocd sample, and a second porous layer
for separating a filtrate, such as blood cells in a
blood sample, from said sample emanating from the first
layer, the test face being a face of the second layer
remote from the first layer and wherein said first
layer substantially passes said filtrate such as blood
cells.

2. A test paper according to claim 1, wherein
said first layer and said second layer are each
hydrophilic.

3. A test paper according to claim 1 or claim 2,
wherein pores in said first layer have diameters in
the range of 8 - 50 um

4. A test paper according to any of élaims 1l to 3,
wherein pores in said second layer have diameters of
not more than 5 um. |

5. A test paper according to any of claims 1 to 4,
wherein said sample is to be blood and the éaéer is
adapted to separate as said filtrate blood cells which
are primarily red blood cells.

6. An analyte measuring method using a measuring
tip on an analyte measuring device the tip being
provided with a tube projecting from said tip to form

a conduit for introducing a sample to the inside of

the tip, and a test paper according to any'of claims 1
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be conveyed by virtue of capillarity of said tube to
an outlet thereof, supplying and developing said sample
5 toward said first layer of said test paper, filtering
the sample in the second layer and measuring the color
of the sample at said test face side of second layer.
7. A tip provided at one end portion thereof with
a loading part for fitting to an analyte measuring

10 device characterized in that it has an oppositely-
projecting tube forming a sample conduit intended
to collect a sample and in that it has disposed in
communication with the sample outlet of said tube
a test paper according to any of claims 1 to 5,

15 for capillary delivery of the sample along the conduit
to the test paper.

8. A tip according to claim 7, wherein said
tube has in the sample inlet thereof a first groove
communicating with said sample conduit.

20 9. A tip according to claim 8, wherein said first
groove extends diametrically of said tube and opens on
the outer peripheral surface of said tube.

10. A tip according to any of claims 7 to 9,
wherein said tube has at the sample outlet thereof

25 a second groove communicating with said sample conduit.

ll1. A tip according to claim 10, wherein a part

projects inwardly adjacent said sample outlet and said
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12. A tip according to any of claims 7 to 11,

5 wherein the test paper has confronting said sample
conduit a convex part protruding toward said sample
conduit.

13. A tip according to claim 12, wherein at least
the leading portion of said convex part is inserted

10 into said sample conduit.

14. A tip according to any of claims 6 to 13,
wherein the test paper has within its outer periphery
an annular convex part.

15. A tip according to claim 14, wherein the first

15 layer of said test paper terminates within the radially
inner periphery of said annular convex part.

16. A tip according to any of claims 6 to 15,
wherein said test paper is provided on the outer
peripheral portion thereof with a part fixed to an

20 inner face of said tip.

17. A tip according to claim 16, wherein said
part is fixed intermittently to the tip by fusion or
adhesion.

18. A tip according to any of claims 6 to 17,

25 which is loaded on a test paper loading part of said
analyte measuring device and is provided with

separating means for ensuring absence of contact
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19. A tip according to claim 18, wherein said
separating means is a spacer projecting on the inner
5 face of said tip and adapted to collide against said
test paper loading part.
20. A tip according to any of claims 7 to 19,
wherein the inner diameter of said sample inlet conduit
is in the range 0.3 - 1.0 mm.
10 21. A tip according to any of claims 7 to 20,

wherein the length of said sample inlet conduit is in

the range 2 - 5 mm.



