1 3 SEP 2005 PERCUTANEQUS BI OLOG CAL FLUI D CONSTI TUENT SAMPLI NG AND
VEASUREMENT DEVI CES AND METHODS 5 Field of the Invention This i nventi on is
rel ated to percutaneous biological fluid sanpling and anal yte gy,gz

and nore particularly to constituent transfer nediuns to facilita @& i ng
of biological fluid. 10 Background of the Invention The detection of

anal ytes in biological fluids is of ever increasing inportance. Analyte
detection assays find use in a variety of applications, including clinical
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1 3 SEP ZRER the skin at least into the subcutaneous layer to access the underlining blood vessels in
order to produce localized bleeding on the body surface. The accessed blood is then
20 collected into a small tube for delivery and analyzed by testing equipment, often in the form
of a hand-held instrument having a reagent test strip onto which the blood sample is placed.
The fingertip is the most frequently used site for this method of blood collection due to the
large number of small blood vessels located therein. This method has the significant
disadvantage of being very painful because subcutaneous tissue of the fingertip has a large
25  concentration of nerve endings. It is not uncommon for patients who require frequent
monitoring of an analyte to avoid having their blood sampled. With diabetics, for example,
the failure to frequently measure their glucose level on a prescribed basis results in a lack of
information necessary to properly control the level of glucose. Uncontrolled glucose levels
can be very dangerous and even life-threatening. This technique of blood sampling also runs
30  the risk of infection and the transmission of disease to the patient, particularly when done on
a high-frequency basis. The problems with this technique are exacerbated by the fact that
there is a limited amount of skin surface that can be used for the frequent sampling of blood.
To overcome the disadvantages of the above technique and others that are

associated with a high degree of pain, certain analyte detection protocols and devices have
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been devel oped that use m cro-needl es or anal ogous structures to access the
interstitial fluid wthin the skin. The mcro-needles are penetrated into
the skin to a depth less than the subcutaneous |ayer so as to m{lggléﬁeég‘g
pain felt by the patient. The interstitial fluid is then sanpled ted
to determine the concentration of the target constituent. The 5
concentration of a constituent within the interstitial fluidis

representgat t
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20  the skin altogether. Instead the outermost layer of skin, called the stratum corneum, is
“disrupted” by a more passive means to provide access to or extraction of biological fluid
within the skin. Such means includes the use of oscillation energy, the application of
chemical reagents to the skin surface, etc. For example, International Patent Application
WO 68/34541 discloses the use of an oscillation concentrator, such as a needle or wire,

25  which is positioned at a distance from the skin surface and caused to vibrate by means of an
electro-mechanical transducer. The needle is immersed in a receptacle containing a liquid
medium placed in contact with the skin. The mechanical vibration of the needle ts
transferred to the liquid, creating hydrodynamic stress on the skin surface sufficient to
disrupt the cellular structure of the stratum corneum. International Patent Applications WO

30 97/42888 and WO 98/00193 also disclose methods of interstitial fluid detection using
ultrasonic vibration.

Thus, despite the work that has already been done in the area of analyte

testing, there is a continued interest in the identification of new analyte detection methods

2



5 10 that nore readily neet the needs of the relevant market. O particul ar

interest would be the developnent of a minimally invasive anal yte detection
systemthat is practical, manufacturable, accurate and easy to use, as well
as safe and efficaci ous. RELEVANT LI TERATURE U.S. Patents of int&Be&P 2005

i nclude: 5,582,184, 5,746,217, 5,820,570, 5,942,102, 6,091,975 and

6,162, 611. O her patent docurrents and publications of i nterest include:
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el ectrsochem cal cell for masuremnREMANhHTEmued constituent(s) within
the fluid sanple. The_present invention accessi ng_bi ol ogi cal

fluids such as bl odé-SaReients /f Bverestdpcinde ﬁéﬁal%ﬂijﬁfﬁﬂﬂhé HEdL 1O

measur e VAl al C ly { ytes,
phar nacgﬁdtqg’ cloe??s i 60@I’| gl tdthéﬁme%t foc c}mgclhltg Eﬁﬁﬁmbh%}% Eggﬁgé}gsrté?éﬁ{e :wr?d)zo t he
accessed Sb‘fi/@ﬂcl@gj W&) 97/4128% WKD@S@JOQB}EWO B&MQMII,WO@:SDIEB%CW@ 99/27&52| WaWii t ed
for the measurenent of interstitial fluid constituents such as
gl ucose. q9fﬁ%§ﬂe\%§? 007833 Us 1S 8B 78 hild WY AN thoddur ement  devi ces i ncl ude an
el ongat ed skin-piercing or skin-penetrating neans to provide access to the
biological fluid, at |east one sanpling nmeans in the formof a constituent
transfer medium and a neasuri Sgnithamvesthe lrmvetnhenf orm of an el ectrochem cal

nmeasurenent cell in fluid communi ca‘tll on with the constituent transfer
medi um The ski n- pdREHHEPHPIRIOgHE! Wéﬁalaagn%&nq ARGrte BIRASYEFTEEY SKEeys and
defi ni ng c%wcééﬂaﬁgntahﬁ{ek%dé@&bﬂs e JFQEzﬁné)ﬁre dﬁﬁé‘éh‘@@ct%vén%ﬁt A portion
of the interior o € mcro- e struc ure an avl an access opening

at a di stiedtuerd tidwubjeghdemides s tho @rasenaroife cafsthualt oghed mfedhunﬂhatcnaﬁtpildsuent S

enter .into . the device. |In many enbodi ts, the skin-pierci
conpriPsend Aragtpigt lsks B e omiiHatpE biotagical (BuY ACReREAivEE FERSUY Orrent

cel | Comg'e&%&oét%ﬁ@;ﬁ R mRLIELRE: SNfe tarr@‘étﬁ{ ERSBush @SR R4t 1 Oned
within and/or further defining the mcro-needle structure. 31 3 S E P 2005

sample. The present invention finds use in accessing biological fluids such as blood and
interstitial fluid, and in the detection and measurement of various analytes, e.g., glucose,
cholesterol, electrolytes, pharmaceuticals, or illicit drugs, and the like, which are present in

20  the accessed biological fluid. The present invention is especially well-suited for the
sampling and measurement of interstitial fluid constituents such as glucose.

In general, the subject sampling and measurement devices include an
elongated skin-piercing or skin-penetrating means to provide access to the biological fluid, at
least one sampling means in the form of a constituent transfer medium, and a measuring

25  means in the form of an electrochemical measurement cell in fluid communication with the
constituent transfer medium.

The skin-penetrating means includes at least one micro-needle defining a
substantially annular bore or channel through at least a portion of the interior of the micro-
needle structure and having an access opening at a distal end through which one or more

30  biological fluid constituents enter into the device. In many embodiments, the skin-piercing
means comprises an array of such micro-needles.

The electrochemical measurement cell comprises spaced-apart working and

reference electrodes positioned within and/or further defining the micro-needle structure.
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The area between the electrodes is defined as the reaction zone in which the
actual neasurenent of anal yte concentration takes place. In certain
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material or matrix that is hydrophilic and has an affinity for ionic and anionic particles
within biological fluid. Optionally, the gel matrix may be configured to transfer only
particles having a molecular weight less than a specified weight. The gel acts to transfer at
25  least the targeted biological fluid constituent(s) present at the access opening of a micro-
needle into the reaction zone. In other words, the targeted constituent(s) migrates through
the gel matrix until equilibrium is reached between the concentration of the
constituent(s)within the tissue and the concentration of the constituent(s) within the gel
matrix. As compared to a hollow micro-needle which relies solely on capillary force that it
30 exerts on the biological fluid as a means to transfer the biological fluid to the
electrochemical cell, the subject constituent transfer medium may be configured (i.e.,
presented in a fully saturated state) to eliminate the transfer of water and other fluids

contained within the accessed biological fluid, while transferring only constituents of the
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bi ol ogical fluid. It is the configuration of the electrochem cal cell that
selects the targeted constituent(s) fromthe remaining constituents for
testing. The gel matrix of the present invention is characterized by a
concentration gradient that changes in accordance with a first drd&P 2005
system This allows calculation of 5 ionic and non-ionic el enent
concentrations by neans of the exponential characteristics of the first
order system The subject sensor devices may function as a part of an
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open distal end of the mcro-needle is wcked into the gel material and
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ol cot 1 oqdopmmeSaRiH B bt PR AT A CE b il aad e | veTor the
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constituent in the patient's blood is t derived fromthe obtained

el ectri cafrorat@rmctrophmn@queﬂal val ue representl ng this concent rati on may
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be enpl omﬂjemenaﬁu@m Mnﬁﬁ‘ﬁn%bﬂt&'mér@%@ 18w thigRShdetiicd thabyig bR @pePaikiapl  uni t
to the cell and for deriving the 30 concentration | evel of the target

anal yt e. eTAdeBuibp acenyidndnt bansigypstheray o Ad lmmﬁmomnl%ehg@qhnmmhc beA
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fluid. 5 The3niBkPne2dRSs inserted into the skin to a selected depth, preferably to a depth that
20 avoids contacting nerve endings and blood vessels. Next, the at least the targeted
constituent(s) of the biological fluid present at the open distal end of the micro-needle is
wicked into the gel material and transferred into the reaction zone of the electrochemical
cell. An electrochemical measurement is then made between the working and reference
electrodes that provides an electrical signal that is representative of the concentration the
25  constituent in the sample. The concentration of the constituent in the patient’s blood is then
derived from the obtained electrical signal. A numerical value representing this
concentration may then be displayed on a display unit. A software algorithm that is part of
the device, e.g., programmed into a control unit present in the device, may be employed to
determine the signal levels transmitted by the control unit to the cell and for deriving the
30 concentration level of the target analyte.
The subject devices, systems and methods find use in analyte concentration

measurement of a variety of analytes and are particularly suited for use in the measurement

of glucose concentration in interstitial fluid.



Brief Description of the Drawings Figure 1 includes Figures 1A 1B, I1C and
1D wherein Fig. IAis a cut-away view of a length of an enbodi nent of the
m cro-needl e of the present invention, Fig. 1Bis a 5 cross-sect!dsaP Nisew
of the mcro-needle of Fig. 1A along the arrows b-b, Fig. 1Cis a cross
sectional view of the mcro-needle of Fig. A along the arrows c-c and Fig.
1IDis atop view of the mcro-needle of Fig. 1A along the arrows d-d;
Figure 2 includes Figures 2A and 2B wherein Fig. 2Ais a cut-away view of a
| engt h of another enbodi mrent of the mcro-needl e of the present invention
and Fig. 2B is a 10 cross- sBritf Desriptionwf ¢lie Dhewingsr o- needl e of Fig. 2A
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first order systemlgg“fﬁﬂénﬂéijes atFE J(Aofﬁ ﬁé 'S{ILéé‘ﬂFrq‘ ﬁdﬁacah@mi gure 4
is a SChe&f@J«'o@a'i&%E}?éfedﬁte%Bo%nQ{t of iR rﬁféfﬂ)hééa% GNfe @éﬂﬁﬂéﬁﬁén Fﬂ%VﬂBCl% of the

present invention. 15 Detailed Description of the I'nvention Percltaneous
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fluid, and in the detection and %easurement of a variety of different
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measuring means in the formof an electfochemcal €ell in fluid

comuni cati on wi t h Hifge dons grapbenk repreagrgdtam ofeleli Grst OIEBE*}ESt@ﬂDbg/thB lzels e
conponents are_ integrated into single structure. Before the subject

i nvent i or"4EX JELE R, ’Ei“f‘u?“t“ﬁ@randiat is to be understood that the invention
is not limted to tHhe,Pand h siefatie AR ARNGS oOthe LRRPIAY A1 hORuARRSE | bed

bel ow, 30 as variations of the particular enbodi ments may be made and still
fall W|thieMICthétf@qwentcflvmmgnappended clains. It is also to be understood
that .the term nol ogy enployed is for the purpose of describing particular
embodi ments, and is not intended to be limting. Instead, the scope of the
present invention will be m;ﬁmdlgmggwnbhg, haed claims. 6 1 3 SEP

2005 Where a range of val ués 1s provi 1S under stood that each
i nt erveni ng Percutaneous b1010g1ca1 fluid, e.g., interstitial fluid, sampling and analyte

measurement sensor devices and systems, as well as methods for using the same, are
provided. The present invention finds use in the sampling of constituents found in biological
20 fluids such as blood and interstitial fluid, and in the detection and measurement of a variety
of different analytes, e.g., glucose, cholesterol, electrolytes, pharmaceuticals, illicit drugs,
and the like.
In general, the subject devices include a skin-piercing means, a btological
fluid constituent sampling means in the form of a constituent transfer medium, and a
25  constituent concentration measuring means in the form of an electrochemical cell in fluid
communication with the constituent transfer medium. Preferably these components are
integrated into a single structure.
Before the subject invention is described further, it is to be understood that
the invention 1s not limited to the particular embodiments of the invention described below,
30  as variations of the particular embodiments may be made and still fall within the scope of the
appended claims. It is also to be understood that the terminology employed is for the purpose
of describing particular embodiments, and is not intended to be limiting. Instead, the scope

of the present invention will be established by the appended claims.
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value, to the tenth of the unit of the lower Iimt unless the context
clearly dictates otherwi se, between the upper and lower |imt of that range
and any other stated or intervening value in that stated range.i

enconpassed within the invention. The upper and lower limts of1ﬁH§§bm@
smal | er ranges may i ndependently be included in the smaller ranges is al so
enconpassed w thin the invention, subject to any specifically excluded
limt in the stated d.ran I 0 ot h of
the limts, ranges Ve‘&h% %i’i‘dﬁlé\pgf ?%uésnggﬁa&eﬁ TR osng1grs %@Itﬁ%%gc ﬂﬁer%mfg‘% e als

i ncl uded i4lué hetHenwehbl tR.unbindfessiodef l1ﬂ1€tdm¢ﬁs§1&feva|o§&xt akdrly gichisotieraing,
scientific terns used herein have 10 the sane neaning as comonly

under st oobetgebihe upperandiloraeninaik pf thaf ganggendgoy qtlaﬁr\ﬁkﬁt@prtlmeévenlrWeﬂmel iBn

bel ongs. [ A hose
descri bed aé?%?%Q%EQX; Q@gﬁﬁggﬁhnﬁkghgégigi{ﬁ%@ﬁ{Fp%ggguﬁgﬂ&ﬁgbggg%resent
i nvents onsméllee rangeemay Ereiépmiemydse antldeairethe 3fmallar @n g8V aies eiidopgdssedl |
publ i cations mentioned herein are incorporated herein by reference to

di scl ose HHBINdBSEWEHION Hbisrb eSS PaRArYly eratusled 4mit indhe saed sngst Mherai t h

whi ch the i ei n and
N the ap%lglr% ééﬁ?#%qgélug{shog%s&ﬁgt dftth% ts %é&?%ﬁ&lu&ﬂ@%ﬁﬁ% h%?lﬁgf tﬁ:c?s{] €1 ude

pl ural reﬁﬁnﬂﬂ!Bmﬁ@bﬁﬁﬁmﬁhﬂud@ﬁhﬂhéHﬁbﬁﬁmly dictates otherw se. Thus, for
exanple, reference to "a test strip” includes a plurality of such test
strips and ref er enceniew defined pieBEss ¢H teqhatgalnskscicatifie & uses! bpfeindveror e
pr ocegsor v th f t, and
so f olfotsh r‘f]?@é}ﬂe a.%fulﬂgg% I gdn@%ﬁg cugérgg)oﬁ %Pg)% 0gfr?redhﬂﬁ)g g}(lj Hse %q‘ tio%l%@ftht eir

di scl osurmverpiondkldngs.t ARhdughi ang rﬁiﬁlﬁcﬁis@hdhtneermﬁsmﬂhr @mmhm@&tnt cmhowot hi ng
herein is_to be construed as an, adm ssjon that the present invention is not

entitled $escabpdddrincaasp %weﬁ@afhedﬁa%g?e 01 febling ¢fthe Bmseﬂl IRYHRE AR B .
Furt her, %Je%giég %hv%% aﬁ&*make a%‘{lé’&%c&*l‘ﬁgd MR %[ {a%or& ﬁgﬂhé&g ﬁ%@ée 25

publi cati need to be 1 ndependen
SKI'N- PENEhEApbabdd AN ktefemkma*mmeise ahd dasscﬁ'eams rﬁ?ﬂmilfsl Sdbr atatdradssih one

m cr o- |erC|n% menber preferably in the formof a mcro-needle, used to
9

penetat CMAE Rﬂﬁﬂl%hﬁhﬂﬁﬁﬂwhﬁﬁéméaﬁéﬂﬁ and 30 bl eeding are mninzed, and
preferably non-exi s E{&Erbe thhf as' e @Rk ‘ﬁ%ﬁ'ﬁtl@%@be%@ﬂ c[Hu&E Al 6 G
penetrates above the |evel ere nerves are present. such, target skin

| ayers |m%nnsmh1bhﬁtmelSmbpadnd@pmnﬂrmgmnmmmkﬁsﬂmawnexteaﬂhhmchuﬂe t he
derm s, epjderm the un1corneum he out er | ayer of the
epi der ni s%ji’er'?“sf P?ﬁhée ERFOLON @deht 6t f‘“crll'é‘ies BUYY tSF%h ¥©§ annul ar

bore or Jgﬁ‘g&'ﬁld rEi}BFeQHQQ) he rob@srsﬁrr n%llﬁ&gs ré’fefk‘ﬁ["é %ne‘%r%bﬁ%e%?%ﬁur e

haV|ng a tal access open ng throug
20 equivalents thereof known to those skilled in the art and so forth.

The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention is not entitled to antedate such publication by virtue of
prior invention. Further, the dates of publication provided may differ from the actual

25  publication dates which may need to be independently confirmed.

THE SKIN-PENETRATION MEANS

The skin-penetration means comprises at least one micro-piercing member,
preferably in the form of a micro-needle, used to penetrate the skin to a depth where pain and
30 bleeding are minimized, and preferably non-existent. Thus, it is preferable that the micro-
needle penetrates above the fevel where nerves are present. As such, target skin layers into
which the subject piercing members may extend include the dermis, epidermis and the

stratum corneum (i.e., the outermost fayer of the epidermis).
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bi ol ogical fluid constituents may enter into the mcro-needle. In certain
enbodi nents of the sensor devices of the present invention, the

ski n-pi erci ng neans conprises an array of such 5 mcro- needl es. _ The ﬁﬁbject
m cro-needles are configured to be nechanically stable and strbﬁéE%ﬂ gh to
penetrate the stratum corneum w t hout breaking or flexing. Preferably, they
are nmade of a bioconpatible naterial So as not to cause irritation to the
skin or an undesir r ghutibs. devl & y be
di sposabl e, for reugg% “& ggﬁﬁﬁgggbg@%aMQ%. %er% ?£§$rgt th gﬁt@%rla
of the m mmm@édlnaﬁ-owandbmgateﬁ grotunekroligg a &Bt’a&iy&es&;&hir@ thugh Wsdhand
sterilization c cles The nicro-needl es and/ or the array of mcro-needl es

may be foPtoieicH flgid coggipents may Knighinte i TRCTReeHHE: elmcalltamﬂ;r@ﬁda%enés Hehani c,
| ass, si t: re

ol yacr yl Ared SBREY B o sPm e BRI MSpinhirbe iR B o AP S

crystad | i necrpakeydisd ers, or the| r conposites. Exanples of ceramcs are

al um num oxi de, siljcon carhide arld zirconi um oxi de. Sujtable nmetallic
materials include sfBg HibisEmigragieedies “i‘fFéﬂ‘i‘fLﬁer‘bWé& mechapispldy sable apd | oys

thereof apg,] :gré‘ﬁob% e;m?atfg ‘%Er@’!urr?ﬁd}hé LA Bﬁ)tgar Vék%@&’@éex?ﬁe%cl?e%&b}f%d' es

of the preserit t| on now

and 2. Fi sy ateAnadmdanmddm;mllbmmater?ﬂ striag no-tn eeveésitdidih @nhle 260 or an
respectively, having a confiquration that is substantially st ral ght al ong
the | ongi 9 sigable tisepe re&a%rwﬁagx woggrb@@éﬁtspaﬂwcee.ma&mf-‘a#wm%@@ 9&@?%
Howevgy, dlﬁHhtE %Fls Fe tﬁ&’t‘%hé Hﬁ?e'napmhé ﬂﬂiﬁétdeeﬁ‘le d/ fcﬂ?

inclu |ng, ut not to ot annul ar apes suc e |pt|cal or

obl ong, ommlzy:@ﬂmwwnhﬂﬁnd@mdizammscycmsch as square and rect angul ar. The

outer dianeter of mcro ne its thi kes oi i s betwee bout 200
25 mto 300 m and %‘P&?&‘P Pgﬁfﬂ%&% égeeneﬂwerfoee? offof

enbodi nenéo%%émm ESH1a 6 PRGBS, su%htaml&?érw pstau;ul@m?gme%mgm%ﬁm%

aspect of the present 1nventionis to elimnate or at t ‘great

m ni m ze likee Ipampland pblyeeds oy pelUhtgtad, pyoxdesppdlyestdrs qiu]ryemgretﬁaekaemq;)l i ng
proces Accor di Hgl y, the penetration Ienﬁt hs and_ di aneters of  the
mi cr obneekfited Crysating @olyestRisn OBk SPTRPHICH aRHBPIE O LSBT PEHAIVRINTYHHe. of

course, thpsk c‘é?&&l@ﬁqd’!x}clonf‘(]g{ é{mg@ pgﬁfﬂi‘rﬂﬂ nféﬂlll‘iéﬁatek)ﬁ@%&ud@étﬁ'ﬂ%@é ﬁ@él f1ui d

(e.g., interstitial fluid or bot desired for sanmpling and the
t hi cknesstltaifnutrhgr&siqumﬂem}mxsalhr@s tlheeqﬁancl thcl]ikar patient bei ng tested. 8 1 3 S
EP 2005 The skin ingl udes ee di stl a} ers to (9&{1] called the
epidernis, a middl qg&;‘}%fra caeutf Bh et Bhsrmi Ao aRlr ool ‘F%@f&?ﬁﬂ&m led the
subcut a”eﬁUéﬁi'oﬁXﬁ[l noW R de‘é‘&itﬁﬁrvmrﬁref&er%@%lhg‘éol b 320k M A Ah@PANAdsiiakt Ck and
conprises four distinct |ayers: 10
20  micro-needles 100 and 200, respectwely havmg a configuration that is substantially straight
along the longitudinal axis and has a substantially circular cross-section. However, any
suitable cross-sectional configuration may be employed including, but not limited to other
annular shapes such as elliptical or oblong, or polygonal configurations, such as square and
rectangular. The outer diameter of a micro-needle at its thickest point is between about 200
25 um to 300 um, and typically does not exceed about 350 pm. In certain embodiments the
outer diameter is typically about 250 um.
An important aspect of the present invention is to eliminate or at least greatly
minimize the pain and bleeding suffered by a patient during the sampling process.
Accordingly, the penetration lengths and diameters of the micro-needles must be within
30  certain ranges to accomplish this goal. Of course, those values will vary depending on the

type of biological fluid (e.g., interstitial fluid, blood or both) desired for sampling and the

thickness of the skin layers of the particular patient being tested.



20 mouter |ayer, called the stratumcorneum followed by the stratum
granul osum stratum5 nmal pighii and stratum germ nati vum The stratum
corneum contains cells filled with bundles of cross-Iinked kF5$FPQU nd
ker at ohyal i n surrounded by an extracellular matrix of |ipids. e ner
three layers are collectively referred to as the viable epiderm s and have a
total thickness in the range of about 50 to 100 m The viable epiderms is
responsi ble for di Wy i £ ! epi derm s
cont ai ns no bl ood é%eﬁ%hg@c@%&ﬂgg%éﬂgﬁﬁ%%g%@q¥%g%§ggE@gﬂﬁé@% gﬂﬁﬁﬁﬁcker t han
t he epi dennidie lajrarvhligl the tibinok aed g boutorh heyer caled ehd submutabaut 1&e000hdt 0. 3, 000 m
The dernmal | ayer, eneraIIY consi sts of a dense bed of c¢onnective tissue,

i ncl udi ngFRidsTmEgeAbau BB i 12Gpna (rHereryiiick and ¢qrapepes fapcitivgt laksduighbi@t t hese
fibers. w [ I | u i e that contains the
bl ood captl bS8, TBed A Sl gy B RN B R A ek e SRR 5

Thus, st hen@lpiphDane sedtes dg@hniniaavm.esamtrdt@me:@me@ﬁ] donedigy @pk Yilleawathpenet rat i on
| engt hs that extend no deeper than the derm s Idgg/er when fully penetrated

i nt o t he Bidlss pherogbeted theratinringikertahaplin sufeanades by amextragalulpempiorigdr i f
necessary,. for -the particular sanplir | icatian hand. The
gt hot i e dp R LE VAL AFAMBLEL (Ll ARBL R AR MO Rl Fpgbipsn ¢

consi der hfd] GRKGENiREHRGaReE STRLLERI0 a0, f Phe BBl SPRIERAL iTHeSpasiiedres. In
order to 20 effectively and atraumatically penetrate the skin, the | ength of

t he mi cr aliffesn mefabolifenerakdlfyom Hte depaist TAbeptdesnisicrmigingmedtend ¢ehianr t he

di f the.m - dl e, but, | ) | . _Th

i or d0ncaBie riake: Spe TSy S aREab R R B cPieREus iy e AT AT Bt e ¢ he
el ect r odegyRMthrh B W8S B D00 funt. MErOERRE] 1%9%%%@% ceaisligtp@f zﬁh&ﬁ& haghem cal

cell. Thus,”the subject mcro-needles generally have a length in the range
from 25 cabmgtivé0&ut.andpd@g collagen pibewm| ind ibervigmhflakialispe6@0 throughd@@thesg and
nore typigall bet ween out .1,000 to 2,000 m  however, these |engths will
Vary 17 oritgin S {1 GRAEFGRtET (RGHAFICOR TG PN CRUBEL NP IRRBRHET ayer s
of the pagj u%gaﬁ%f'n%me R8IRY wWidt @ skihi | e the nicro-needles may have
| engths that are | dnger than tthe depth of the target skin |ayer, the
m cr d3needl e nay bd&hperkt matredeedicsooftthepskim inendepplefdredy dnvepknegatas t he
penetration .| ength 0 that i,s lgss th the length of the mcro-needle
BE T ot ur dETeisaBe efend A dbeies U ertmipyH hen T PRl R G Sk T
M cr 0- negdl@ %o RERIRLANRIY, hBRYGerathR e AR MRS [feREERaryTot e phARARr k4RpNAbout
50 to 4,000 m and nore typica I} from about 100 to°3,000 m For exanpl e,

i1

f or sanplapplgcagon achagEPThe O gtpiotdigmetcompettitatio peidaintieropeasdieriann@herdadtyr i nt o
N T L e e e
requipe REeRetVed! dfiNtdalingti Ay ﬁ&ﬁetﬁiﬁ@ﬂﬂ@kﬁn@% 1édeh demheinsictay@Kle it @@nera%y
g,e(r)]gl(:)r ?r;[ Ia(tjlr;:asl;teaggét@ t(i)r];lest gggaterrrtlhgrﬁ ?herll?ffgétgr cl)fsthr;[ ynri)c!rgﬁllelcgle,fgu? Qa?/%%ur;[lori 10??ess.t °
The minimum micro-needle diarneter is dependent upon the necessary spacing between the
electrodes and the diameters of the other components of the electrochemical cell.
Thus, the subject micro-needles generally have a length in the range from
25  about 500 to 4,000 um, typically between about 600 to 3,000 um, and more typically
between about 1,000 to 2,000 um; however, these lengths will vary from patient to patient
depending on the thickness of the skin layers of the particular patient being tested. While the
micro-needles may have lengths that are longer than the depth of the target skin layer, the
micro-needle may be penetrated into the skin at depth (referred to as the penetration length)
30 thatis less than the length of the micro-needle structure. Thus, in order to minimize pain to

the patient, the micro-needles preferably have a penetration length in the range from about

50 to 4,000 pm, and more typically from about 100 to 3,000 um. For example, for sampling



5 Mcro-needles 100 and 200 term nate at distal ends 104 and 204,
respectively, in preferably sharp tips 102 and 202, respectively, having a
bevel ed or sliced configuration, as shown in Fig. 1D, to nore easily
penetrate the skin. However, tips 102 and 202 may have other suitable
configurations such as one that is not tapered and defines an eH§SEPHEL |ies
in a plane perpendicular to the |ongitudinal axis of the m cro-needl e (not
shown). 10 Any suitable nunber of mcro-needles, in the formof an array,

nmay be e'ﬁp%l%éﬂénsbt}iattrh@.liw;%ﬁeﬂﬂzﬁtidnm&ﬁﬁldt@l’he ephRrminmies, B8 piicthfon RAghas
enpl oyed will depend wupon various factors including the agent being
det ect ed, thehsichodgedius fypeallydway ¢earibont 3 wHiZ8mum.t Her ssingliog ap@lifadensaileich

[ ted, th I it t he.fl ui I dt like. .The m - dl
oty may "t g S putr sl e By R et i b Tt B 4 S ang
tip 15 confil@Weallk NS picAltErELEEERCEEMCNboddsal The el ectrochem cal cell of

the present invention conprises an el ectrode arrangement of a worKking
el ectrdde and a ref dfiemeeedleedtd anb2@thatmiprevit detl ands 1duand 204y efjecende,

i | to.th |.ed hi i fluid. tit d.. put _Si |
e R S R AR HaeSoioh MM SRR .
the sanpl edsiohi id-Fig. TPE 14 WOrEL R} hateaIARE skif. MoIRIGEHpEP And BI2hALPRSRI P

such that a surface of one electrode faces a surface of the other

el ect r odeoththsiwpkeenhatrapans subleat ang tbitas totddpsediafd demenan edgeahatdies rome
into which, sanpl ed,.constituent. i ransf.erred and is tested for the 25
concent r aPlionPEPeRit atgedonea e 203 s S ey ped Srofisiivochen cal
systegp and net hods AgOIHRIM/ RS ificrolfedIRS, tin Bfe BARIY b ad} 8&dyi N and
measur enent may be enployed by the present invention, including systens

that are ampbyedby the@résenanyeniwas The nombereithicre oeddbavermpileyediwid.depershsur e
el ectrical charge) .o otentiopetric, (i.e, ure,volta ...Exanpl es. of
Chese typBRSToRrREe itoct s Eine BB pEnE nte ErvsriPE S bE kB Ry PPRER R beo
in U S PalamitrdMdles 4r23dorbdbhe sdnBid3itd8Rs fiaad oudbbdif@likas THekicrds WO
97/ 18465 and WD 99/49307; the disclosures of which are herein incorporated

by ref er enesele atrym®y SERBOOFHCEHEpedled havidg 2atylrigubepast Engiho, eiddspindtip
enbodLﬂEnt ) fof he el ectrochem cal cell of the present invention. In

parti tul at™EHE ™ A- C show an el ectrochenical cell enbodi nent having two
co-axially aligned, concentrically-spaced el ectrodes fully housed wthin
the mcro-needle. Figs. 2A and B show an el ectrochem cal cell enbodi nent
having 5 two s I el ectrodes parallely-spaced at a proxi nal

T
ren.ngr gf n;ggl 21' 558_ inﬁ'gﬁct Eé(;stro-;c-nérpuicgpcerﬂoé’y tltleoprtepe%t GRS o%prﬁjsfes Bh OReerddd C
arrangement of a working electrode and a reference electrode that provides an input
20  reference signal to the sampled biological fluid constituent(s) and an output signal
representing the concentration of the target constituent(s) or analyte(s) in the sampled fluid.
The two electrodes are in a spaced-apart relationship such that a surface of one electrode
faces a surface of the other electrode. The space between the two electrodes defines a
reaction zone into which sampled constituent is transferred and 1s tested for the
25  concentration of a targeted analyte.

Various types of electrochemical systems and methods commonly known in
the art of analyte detection and measurement may be employed by the present invention,
including systems that are amperometric (7.e., measure current), coulometric (i.e., measure
electrical charge) or potentiometric (i.e., measure voltage). Examples of these types of

30  electrochemical measurement systems are further described in U.S. Patent Nos.: 4,224,125;

4,545,382 and 5,266,179; as well as WO 97/18465 and WO 99/49307, the disclosures of

which are herein incorporated by reference.
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el ectrochem cal cell that provides an electrical signal or signals
representative of the concentration of the anal yte being neasured in a
sanpl ed bi ol ogical fluid constituent. The electrochem cal cell conprises
various conponents or |ayers arranged concentrically with 10 redpesiP 103 each
other. More specifically, this concentric arrangenment nmay al so be descri bed
as circunferential or co-axial. Viewed longitudinally in Fig. 1A and in
cross-section in Fig. 1B, mcro- needle 100 includes, a solid wire core 106
and an outer platingigsl4andbdlsohicdwaiekemplareeB@limpniswi de<slacimgitintiyalt o t he

m cr o- need| ructure and may be part of dj acent el ectrode. 15 The
outer pl af?lﬁaﬁ%iﬁrﬁé}} lﬁgnﬁﬁﬂei’rbf?”g&j‘?rn}: @ésf‘gie%&o?“ aﬁ%rqcﬁ%%m : heen wire
core 106 apglodigithehaviidtl\bh-dddiy ﬁ%n@@,%o&%tﬁdé@y%ﬁ&ce%'e@é‘&ﬂo@@ﬂ%ﬁ‘f&%b?eﬁe' K

which includes a first” or inner ~ electrode 108, "a second or outér electrode
112 and awi@acthe oncwaredltlFigsh2Acbd Babden. an SatmnbemricelotetledebotiBerahdviogt er

plating 114 extend to define edge 116 and tip 102 of mcro- needle 100. 20
s shoun' 1o ERsR gl ERer s o e BTieh tpoestR B Bh0 ibe Figroctestlr i g
A first or inner @LRgd RGE 108 ehbodMUNRoLONE AT, HioRieRatle TBD iRMeheetn SOl i d
wire core 106; however, the proximal end may be exposed. First el ectrode

108 and selettdoahemecat orlethaQ@ovidex sreeldctaval sl gnat @ sagnads mpresd@at{veradxiaral to

di st al d 104) wh int t I h i I es that flush
w th eachedereriont i o5 Bubl Bea B R i tedbidlelea AR ar T2 Bher 2
| umen por tlefoch2idapvdiNG b sesPifius Wembon @l dNSRkrO¥rrSReQBEhRhefhNPdenl12 and
outer plating 114, which extends to a distal opening at distal edge 116, as

vi ewetl | nrespegt td gach PHwr.opeme spechisillphis garesnitic driangemnentongiedst be dGoribksf i ned

by lumen 120 alr}ﬁ re ction zgne 110 is filled with a constituent transfer
nmedi um h&} 8™ Vﬁ?b@ﬁfF?@X1§ | material, as discussed above. The gel acts

to absorb and transVesivedabgditduy $n Pfe. PAGOGH Edks-321ibh W HigPIBSRRoat tip
102 into lunen 120 and then into reaction zone 110. Suitable di nensions for

t he vari onesdisotffondndas, apolichwire certl0O6@ne ai onter plating di4. Hihg solid wite cars 106

follows. Typigal.l) heg | ength uter electrode 112 may. be substantially
sare s PRGSO B BEHeDle Pkl HERRLBARuT SEE RidE RRGRRE a7 y
not great ghe bitaplialQul14lshay bSmadEoftA0RE 4P tHIMIRI HebSSendeRpeBiengsand t he
desired |l ength of penetration. More typically, the length of the outer

el ect r odeoiter Patingekld rapdes the sggect glectrecie oo celin Whislinshslee p siter dB6Ut 2, 000
The i legt h t trode but
O T o SBAEEURSI] Q50 RS, 3P0 £GP RS BBl o0 Dot

20% shor t ggcohbarcirbde OOt datetpheing Ad4 eawad teddd@pedgd | o nal tig [EDbhickdran
about 3,200 gmor less, and is typically between about 800 to 2,400 tine,
and i s moP&dleyiical |y about 1,600 p. m

20 As shown in the proximal end view of Fig. 1C taken along arrows c-c of Fig.
LA, first or inner electrode 108 is shown covering the proximal end of solid wire core 106;
however, the proximal end may be exposed. First electrode 108 and solid wire core 106,
extend evenly to a point 118 (proximal to distal end 104) wherein these two layers have
distal edges that are flush with each other. These flush edges define the closed proximal end

25  of alumen portion 120 having a lumenal wall, defined by second electrode 112 and outer
plating 114, which extends to a distal opening at distal edge 116, as viewed in Fig. 1A.

The open or hollow space within micro-needle 100 defined by lumen 120 and
reaction zone 110 is filled with a constituent transfer medium, here a hydrophilic gel
material, as discussed above. The gel acts to absorb and transfer constituents of biological

30 fluid present at tip 102 into lumen 120 and then into reaction zone 110.

Suitable dimensions for the various components of the electrochemical cell of
Fig. 1 are as follows. Typically, the length of outer electrode 112 may be substantially same

as the penetraticn depth of the micro-needle, and thus is generally not greater than about

11



Solid wre core 106 has a dianeter in the general range from about 80 to 100
gm and typically does not exceed about 120 gm In certain enbodi nents the
dianeter is typically about 90 gm First el ectrode 108 has a cy. kﬁgpiﬁﬂ
configuration (although other 10 configurations are possible) haVi J

t hi ckness in the general range fromabout 70 to 200 Angstrons, and
typically does not exceed about 300 Angstroms. Thus, as first electrode is

forned ar g ik - th at er
e o PP o Oochda RO AU TLB AR B Mok L8 L i
conf i gur atdf e duddrichRtfle RtbeaTcc ABbLGUDGL LIANS 3 B0 URYSHH Ef@éraﬁ]@z\ﬁbﬂm 28000

t hi ckness in the general range fromabout 70 to 200 15 Angstrons, and

typi cal | y udmethmioherstetmde abybiav8U© samg dengtnss. th¥ heter elactredsrbug srpefsrablspaci ng
bet ween th al so .has a.cylindrical figuratio al t hough
o hor " conforiats T el ohe fogr yraid S dems R i dIBe it B e hEral s ange
from agou%le'ég 3@&11% Heral t Ykdr @ dnVabdl )2 Etm%f' @sgdarf?iqg) Q 9B eet N€

pon t el e

thin outer tu he secon ctro e 112 ectropl ated
has a thlQK@&$@0mm9uh@ugeﬁaﬂahn@amgmcmhﬂmhabQﬂM)ﬁ%_to 20 gn1 20 and
typically does not exceed 25 gm Therefore, the total outside dianmeter of
m cro-needl e 100 |§0§émﬁ6§prfy10ﬁﬁa|s@é&artlmrrinalmgﬁnemga@mfr%abw;80@31@@1 in
the range from bou

d | | b
g Lunen P B8y SP e SRR ATy PR Hebel AP RBITABOUE SOTH5 240 nL.
and typi C%&J:é’all@%ﬁ@ut%t wB X Eead1aReHt 1@@935@03{11?}@;1@&[1 rcbﬁ‘lg%d}%ﬁ QIthHgheripgdi ment

of Figs. B, there is shown a m cro- needl e 200 havi ng a tubul ar
confi ¢g@r atonfigudefonsect fogsible) bavipd athicigeXLia tmgbdemheangEZﬂnm abat@fl 122 has a

ol une general | n, the e from ahout t 0- 280 nL,. and cal
o e O R rortimang bibicabg W6 AdseRtred om0 Aea oo R s BO BB 11 T he
entirety @feSrdfehbRt 108, Bk MouMds BRmREedhR i LARHAB Y 8 8h I BaSF T8 OT

simlar length and dianeter dinensions as di scussed ?bove but may i nstead
have snal 1166. Skmmadasleommaahlﬁa”lmIB!Sae:lybcdn@btmﬁlguednooéhlthqughIodmat ed outsi de

m cro-needl e. | unen 220 ra t han used within n electroch cal

Cel |+ et PR oA RA oS DIop haE BN aeroade e pes 190 st B8 Slbned a
proxi gl andg2fms ahd fPpidaly @s&drhcﬁe%%@d aem%@@mnow@m@ ehrd ARG dmalorcel | 12 1
3 S E P 2005 renai ns outS| e the skin surface Gpon insertion of micro-needle

into the spdcmgdfetweepdhé et electEdes tlsotes LO8indafilwesfigursiior Gadibovgh ather
circunferentjally extends, from.proxi.nal end 205. of ni.cro-needle 0. Here,
ol eot 1 oge ottt erge e kRS e he prpered angh it ppEo o SBiting
may have r 12 is
Cpacod 5 SuBRLIALLE Rhefized aalh 260 WAUAn Bl ol LET DL Gon FEE e 30nE]

whi ch f unglet@s® 1A it Blectropp@cd h@n ke 10 tRfgchiial @hgefroacdteni calo Takh, This
spacing is generally in the range from about 50 to 80 gm and typically
does Aot extwerallpdoggmot Erased 2. Jlikrgioest thedblayoltside diameter of micro-needle

100 is generally no less than about 200 pm, and typically in the range from about 250 to 300
um, and typically does not exceed about 350 um. Lumen 120 has a volume generally in the
range from about 20 to 140 nL, and typically does not exceed about 250 nL.
Referring now to the embodiment of Figs. 2A and B, there 1s shown a micro-
25  needle 200 having a tubular configuration defined by outer plating 214 and [umen 220.
Lumen 220 has a volume generally in the range from about 25 to__280 nL, and more
typically in the range from about 25 to 160 nL.. Unlike micro-needle 100 of Fig. 1, the
entirety of its length is hollow. Micro-needle 200 may have the same or similar length and
diameter dimensions as discussed above, but may instead have smaller dimensions as the
30  electrochemical cell is located outside micro-needle lumen 220 rather than housed within it.
An electrochemical cell, defined by parallel, planar electrodes 208 and 212, is

positioned at proximal end 205 of micro-needle 200. As such, the electrochemical cell
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shape and size that correspond to the shape and size of el ectrode 208. Here,
el ectrode 212 preferably has a circul ar di sk shape and a di aneter the sane
as the outer dianeter of 10 el ectrode 208. This dianeter dine @g,gﬁ
generally in the range from about 600 to 800 gm and typrcall;srsI e %ot
exceed 1mm . The inner dianeter of electrode 108 preferably matches the

di aneter of outer plating 214, and thus has val ues nenti oned above. At |east
the surf a&%alafout% rﬁle kihlsaA8S WonTh@stionlofaRidrZnddat inf e skif®r agaGL on

zones 110 and 210 within mcro-needles 100 and 200, respectively, are

conpr i sedEgttrodegiI8ydefings @w&uct\rhwét qiesualfgrestiadly easenrdalfﬂoadpmmmegch@l 20pbfat i num
silver, iridiu o} d i umt oxi |nLess st eel . and e
ke or BEBHHEAE e SR b ottt o Bl S Sh iR &G0
pl ati num g R Haaelaﬁmmébtmgﬂét shdieas@hirk @r fdcefisl R eE BN ode ITBd gpREq Net al |,
each el ectrode can be made up of an inert support or backing substrate on

t he sut f apexiofallyfine hlecgode 348, defimyea sprcingibenedety ccoovipenBcti¢ns. ag.the an

| | d TERI AL Th
Conat| ¢ DeRbifTRbe 210 AUGE ke i s TS SR Y Rt S EMEt Nomet § on

Y 0CCUPYh IS0 &N i, YRk Ry doBend:RAGHAB0 1R BeckrbRlo 208 pRtGably has o

respectively, and 5 at l'east "a portion of each mcro- needle neédl e | unen
120 and 22Qpc arebpactbvmingspdudtto rtﬁwshapmmtdesnzrl cyf dléchdodt B@8.| Haeneledihrele 212

constituent fer i refer e of a water-,. based ge
oo ol A P 00 ARk S AfndelBe Spab af heOLE digpaciey off
vat er absqrReRt 208 Thkis *Ert’a‘i’ﬁé?mh}nbﬁsl&?i é&ﬁér&ﬁ;F HOHR R frﬁ 519&1]"666 (GRRFLRmodes

and reconstitute the reagent material ~in p eparatro
eIectrochﬁﬂﬂg@bdﬁaﬁ&umenﬁmtabhntar@E&umﬂwmymemroBﬂe&hﬂkUﬂ&@sﬁambnedrunts
ability to absorb fluids, particul i s dependent, upon the extent
to whi oh PHENARREKtH P AT Plétlsaftﬁ» an Hlu,étt%ralra m@rtwae%ﬁt%ed to fluid.
In order to reduce [ I

applied to the skrérhgtsﬁtg@gﬁ@ﬁst@aéﬁkl%é?@g% er fgregﬁéj]rcrlrezr ﬂshgtpiir?'le erar tle|rl)r ovi ded
in a ful |aonsat 1ratdet] Ostidtie npcroarcetlos 13 dridl HEPre20A%: velys erctdoaprieéd dthteghly

m cro-needle into the s As such the_ non-fluid ns

i ncl udi ngcorﬁréctaﬁ@%r F@S palf ﬂg’ara@&%rrgtt@%ﬁwr e mﬁtwﬁﬁn%@

bi ol ogi caly iyl gtaﬂﬂ@ss ste"eﬁrﬂﬁlftﬁé ligd 101‘5*&85]%91\&161!1 b RAhErd1E, "FLob O ch'l?y the
prelimnary transfer of biological As interstitial fl urg ror

exanpl e, 1n@ﬂabgum,QﬁaﬁmmmepﬁkwhenréﬁhomgnmeemnﬂWREUEd@nmybﬂmuﬂhmbughﬂthe 5
gel may be si can in cert ications,. As between the constituents
i ch ar FusbF B GR by S BpuT AR URAR BTG ot e B P be LR Red. at

whi ch ther)/hrEl@?s%hIﬂﬁyé’r‘%@@ﬂé aaarw?ﬁpdﬂbhﬂ(e\garax eqﬂe%%Prateagnaa khe) 8f ke of the
nol ecul es of the consStituents. General the small er the nbl ecul e the

f ast el0 t hedeadtiofi¢.usi on

HYDROPHILIC GEL MATERIAL

The constituent transfer medium of the sampling means of the present

invention may occupy the entire volume of the reaction zones 110 and 210, respectively, and

25  atleast a portion of each micro-needle needle lumen 120 and 220, respectively, but may
completely fill the lumen. The constituent transfer medium is preferably made of a water-
based gel material or matrix having a high affinity for water, i.e., is highly water-absorbent.
The hydrophilic gel helps to precondition the electrodes and reconstitute the reagent material
in preparation for the electrochemical measurement of target analytes.

30 The transfer medium’s ability to absorb fluids, particularly water, 1s
dependent upon the extent to which the transfer medium is saturated prior to being exposed
to fluid. In order to reduce the time for which the micro-needle is inserted or applied to the

skin, the constituent transfer medium is preferably provided in a fully saturated state prior to
13



rate through the gel. As many comonly targeted anal ytes, such as gl ucose,

el ectrolytes, 10 ascorbic acid, uric acid, etc., have small nol ecul es, these
analytes will diffuse through the gel matrix faster than other ¢gn§gen

of the interstitial fluid conprised of larger nolecules. The concentralon

ki netics of the selected hydrogel is that of a first order system As such,
the constituent transfer rate and the anal yte concentration |evel of the 15

bi ol ogi cal,, i J. fik rdet . i

repr ocent A b pRS f A PAAELERIE, Akt Pl NAThQYSRAMR, 5 ) o o
) 20 wher enc(mchﬁg theene onfrend fagdetcainccaftithéras, analajted withimihe Hidlegigel fluidteri al , Co
is the concentration of the analyte in the interstitial fluid t is the tine
at whi ch tisesiamed thesshyiflinpigatingdinac forsbe reliminarygansdif piglogiealithad sst em The

val ue of et sonstaginenanl o SER¥hRked 2600y HhE A fle the

interface etweent ie hydr interstiti
surfacg argelanmjbehgnlﬁpﬂnllmgerdﬁi hmﬂtdalﬁmsedge 116 and 216 of m cro-needl es 100
and 25 200, respectivel &e t he vol u

transport charact er '$t% CBft q gRustijugpig gthi lerﬁi? yble t"t’ H‘rfg’é fite H%d H%E?‘EH“&E‘F g/
hydrogel pmbef il ¢ ;ng?gt whiBE (1! ‘?‘le%h% e fe galon‘?‘z ‘ﬂ@%ﬁ@%rgz geﬁdnﬁ bn Hed§e o??ﬁ% em

described i n the ove equat ependent axi res nts tine
where to ml&clu&spﬁthetcohmmemm @tenanddlyctheesmamlbcmemtéeﬂﬂleethlefastmm théthsiont o t he

ski n. Wthh rf’hmalterlals suitahle for with the 30 sen}
nvent i onFeE HEOHETRS EE PHBET GIMTHLY CERRES SRAHES U TCBTa oY PR e
hydr oggl %&of}:ﬁé‘%}d &&Lﬁcid B WL %i’écu@ﬁ th&l& 2Rk ?*e@g&hﬁ%fﬁjsleqm@u grent at

the distal opening of thé m'cro-needle, generally no nore thah about 5
ti mes t hegtlimars dxsdramn whertcompeyatieot thtinttﬂsenztllﬂmd tampraediodVagaqui | i bri um
is inpract |0§;al for a given application, the mcro-needl e may be renoved 14 1
3 SEP 2008} I£5t he skin prior to reaching equilibriumand then the anal yte

concentration | evel T}t EfHcBnirdid® RkicEBE the GOkciE@R én%oae}&% at £eirbasgd on the
first order characteristics of the system . ¥erﬁa tely, the time duration

of cont acsysbet.wde nucthh&ermmrmumedhféemti andehd :ntaéjrts torndentratidnlie el ofrthe be

controlle xed and .| an, be. deri.ved based on th r or der
cquat Fon Bisteici Buelaf® R iearols Tpidid i St krrbendl ey b bHEMns o1
medi um of e&RBon RR@ERBraghrens.izon include natural gels made up of naturally
occurring polyners, such as ~agarose, gelatin, nmucopolysaccharide, starch

and the |like, and synthetic gels nmade up, at least in part, of synthetic

pol ymers, such as anyone of the ne(lgt r(?Pa(tlwat@f) sol ubl e polyners or

pol yel ectrolytes (i.e., synthetic oI ymers which formionic
charges when dissolved 10 in water), such as polyvinyl pyrrolidone,

PO YL ENC 0L FER ¢ isthe doncediration of the anaiyie within the gel material, Cy s the
concentration of the analyte in the interstitial fTuid t is the time at which the measurement is
made, and T is time constant of the system. The value of the time constant depends on
several factors: (1) the area of the interface between the hydrogel and the interstitial fluid
{i.e., the surface area of the opening defined by edge 116 and 216 of micro-needles 100 and

25 200, respectively, (2) the volume of the hydrogel, and (3) the transport characteristics of the
target analyte through the particular hydrogel material used.

The graph of Fig. 3 depicts the first order system described in the above

equation. The dependent axis represents time (t) where (, 13 the point in time at which a
micro-needle is inserted into the skin. With hydrogel materials suitable for use with the

30  present invention, the time it takes for the constituent concentration in the hydrogel to reach
equilibrium with that of the biological fluid present at the distal opening of the micro-needle,
1s generally no more than about 5 times the time constant of the system. If the time to

achieve equilibrium is impractical for a given application, the micro-needle may be removed
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al cohol, pol yacryl am de, and copol yners thereof. 15 REAGENTS In order to
single out and sense the target analyte or constituent selected for

anal ysis over the other constituents in the sanpl ed biol ogical f{ i

redox reagent is typically enployed within the reaction zone w ﬁﬁpﬂﬂﬁ

el ectrochem cal cell. The redox reagent material is typically deposited on
at | east one of the facing surfaces of the two 20 el ectrodes whereby

bi ol ogi cal i t he

r eagent { Otél# nggklpl&s%?% Wla&f &%&Pﬁ ﬁ% ﬁ’%ﬁg}? er ag,tg @$Acg?tl%§%% léﬁm@f ed on
t he surf acie(EtiettyC,ne@ans cafcutitga tﬁa@@d orngle fﬁh@rﬁ&&@mbtebmd@@fﬂw@uem sel ected
based on the analyte targeted for detection. The interaction of .the reagent
system and\l{eﬁ@tf‘dbr”ﬂf'eglﬁ‘é ﬁaraﬁgn ObRYHAA fetitecn Fhedﬁeww@edl? ancethp |1139réaualﬁlue¢1e

el ect r ocheh GaloofEAR EPPAkeALAk 09 thn bOadRIAMALIG,T HE rEQUFRALERIARGL., 25
t he target gnalyte or ‘Constitient in the ce e reagent system resent |n
the reficti on area t (el matehyﬂslsnﬁdlb]dﬁfrm ag Iﬁ&Sbnﬁlﬂj&ﬂEﬁZMﬁﬁ(rﬁédl@tﬁdﬁ&hd’mdl at or.

I n many enbodi nents, the en s) of the reagent systemis an
enzyrre or PECSEIt iR %Rty ingfudg rﬁlﬂ@ywﬁ%e&srﬁa&dew@rq{ TR TR BIREHITNEP RN AR Ao anal yt e

i nter I e e stemis
nade up oggé?ﬁﬁ d?ﬁ$S%K%ﬁ&?§Fgﬁ%§Fd$§¥ﬁgngﬁgeﬁ% %ﬁiﬁk PF&%??%%QE‘ %mo or
nor e enzyieast it lpadt, sy kthetic pamoerst such as axyac 2 tlteh&u&l]a.\lvm'fsﬁscﬂﬁble pbBesd or

Enzymes of |nterest i ncl ude oxi dases, dehydraogenases, pases, ki nases,
di aphor as@8lYel§EHHYISH HtceisHENgHiHIOk s ral RAbymans v higherorm; ipnig HE%&%S whexdsiolyed ¢ he

react y@n e I t

cl oot L Bcn T e R s e P o e e ROV i

repr esent alkcbiv, mﬂﬁymﬂ&nmhchuﬂ&mobhummﬁmnmﬁ|dase glucose dehydrogenase,
chol esterol esterase, chol esterol oxidase, |ipoprotein |ipase, glycerol

ki nase, glycerol-3-phosphate oxidase, |actate oxidase, |actate

dehydr ogenase, pyruvate oxi dase, alcohol oxidase, bilirubin oxidase,
uricase, and the like. In many preferred enbodi nents 5 where the anal yte of
interest is glucose, the enzyne conponent of the reagent systemis a

glucogi-oxidizin enzyne (e.g., a glucose oxidase or glucose dehydrogenase).
The setond coﬁ%@&@ﬁﬁ of the reagent systemis a nedi ator conponent, which

is made up of one of, JmA, @ﬁ%‘l@&ﬁ%n@%@@ the tﬁc&az{riaﬁ}té/ oPfordiifub R RIMktABG at or

agents are known in the art "and include: ferricyani de, phenazi ne
et hosul phanatysigphen &u:loml@r nrensmmsamlsf iattles sahQ)lq;mteaylogthflaim me;dox reagent is

1-neth h i f at 2,6-d i . 2., 5-
di chl or o) WPEIRREBRIFR A hefrgieneaaria Ma e osRanGal By apfox
conpl exes reagéﬂt Iﬂ%’i‘ér’féms t?ﬁlﬁm)ed'tﬁ)%s@éﬂi%ntﬂ%dlsﬂ éﬁ‘% of ik fBRTRuEIRRME FRNLS Where

glucose is The analyte of interest and either glucose oxidase or glucose
dehyd2®geplasteodes whirebp hiojomcad depbpresent int the reseddrat@re abfmically reacts with the

reagent material. As such, the reagent is preferably coated or deposited on the surface(s) by
means of dip coating. The reagent being used is selected based on the analyte targeted for
detection. The interaction of the reagent system and the corresponding constituent or analyte

is employed in the electrochemical measurement protocol to determine the concentration of

o
L

the target analyte or constituent in the cell.

The reagent system present in the reaction area typically inciudes at least an
enzyme(s) and a mediator. [n many embodiments, the enzyme member(s) of the reagent
system is an enzyme or a plurality of enzymes that work in concert to oxidize the analyte of
interest. In other words, the enzyme component of the reagent system is made up of a single
30  analyte oxidizing enzyme or a collection of two or more enzymes that work in concert to
oxidize the analyte of interest. Enzymes of interest include oxidases, dehydrogenases,
lipases, kinases, diaphorases, quinoproteins and the like. The specific enzyme present in the
reaction area depends on the particular analyte for which the electrochemical test strip 1s
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particular interest is ferricyanide. O her reagents that nmay be present in
the reaction area 15 include buffering agents, (e.g., citraconate, citrate,
phosphate), "Good" buffers and the like. The reagent is generally present
in dry form The anounts of the various conponents nmay vary mherﬁés ﬁ?ﬁ
anount of enzynme conponent typically ranges from about 0.1 to 10 § 05
wei ght. 20 THE SENSOR SYSTEM I n the sensor systens of the present invention,
the reference and working electrodes of the electrochemcal cell are in

el ectri cabe SHPAUNHGRLT RRetbirdfle@nBANL ER)y IR AN BRI oRES§d 4B bRyt Tef erence
signal transmtted to the el'ectrochem cal cell, receives the output signa
fromthe édtledtagsoisenihoddsterdldsteansd, dhiobnteds oixidase. tlipeprotaie pase agliyomol levek, of

the analyte 25 within the samle fromthe output signal. In other words the
cont r ol nﬁ@ﬁ?obw&bpﬂ’é@t%@“‘?Fégﬂ%a?%er'é%fﬁ’ ?ﬁc%e g ygToégP?ch%?[r“E%? PEHEChet ween
the two elpehdIRdRBse, BRATM A icRade, GhiaN@Cardthe 1iRE 16 Widh§ PhefON&d ethbsBmaRd
relating the observed change in current to the concentration of analyte
present i wheisehetnadittie oCintarest &d gloedst. thy hez yomrusenmonanti of theofeagdng syt yea in t he

tient' bl ood.i.s. th derived,, th i cal | f which i f bl
br ovi ded 84Ces iiRaE S50 G guc e anehiey ThsmE eBelossidsly. the control

and di splay neans arge {ddbfOEhpoheROMSBE rMuéfishst@m ian dredhedrGofpBh&m] whidh t
such as that illustrated in Fig. 4. The control unit preferably al so

provi des & madsapslohe geword mediaior Agind. Agvasiety efrdifforcat miedinor agedd s koewan

array of m.cro-needl ina 16 1 SEP 2005 position and arrangenment

Ui ¢ able PR Pha ST RGBT ra A neubTeienaPare SR AR hand.
Ref er 16 NgpRWnb@iammie, | MmethDISLFhnziEOMhodulSEd MRt inteth P, £56M0atindAe, f 5-a
sensor system 50 of the subject invention. Sensor system 50 conprises a
hand- hel ddigilera-bi-hgniaqusmne Segneeng deargbies.devilgn bigyreybeamploxdsyrutianiied t o

di stal end 54 of contr.ql it 52.. Sensqr device 10.includes array of ,the
T or o- needragene b ghes b runafERR. obe &oid inBE iR st B ek s, |
and 2. CogtHepblubtetoxRfashaSglacdye dsh o &hasels eeadnabiny com@endailt, tAe fRdiabrlof gr ade
plastic materral, having a |lowprofile configuration i ch houses a neans

(not showpattiswar inteent wdemicyrieh &therasageatndbal myaresprefensisrbo reagiéw area 10,

i.e.,.generati and transmttin 0 i nput reference.signals to the.

el ect 1rf’gc h’é‘ﬁﬁlgféﬁgfé@qg of g‘ﬁi @rgd-crlltéeg ﬁ%te’l%@a SO @Eag‘?r}v %%0 OtPtuE%fS and the k% nent
signals fromthe cefle redyemofstosneall abeQedttiNaHPoRYr dRBRAOMLE R heC@fbbol uni t
52 automatically cal cul ates and determ nes the concentration of the target

anal yt e i $PHRREChBITSY yghcwhersaipe amapyw! capdppeoreronepidypigalhutangesgliem. The

concentra&tjoﬁp?_l1 g%%(@r@é}ghtpt her desired information) is then transmtted
to an external "di spl'ay nedns or screen 58 that

20 THE SENSOR SYSTEM

In the sensor systems of the present invention, the reference and working
electrodes of the electrochemical cell are in electrical communication with a control means
that sets the input reference signal transmitted to the electrochemical cell, receives the output
signal from the electrochemical cell and then derives the concentration level of the analyte

25  within the sampie from the output signal. In other words the control means provides a
means for applying an electrical current between the two electrodes, measuring a change in
the current over time and relating the observed change in current to the concentration of
analyte present in the electrochemical cell. The concentration of the analyte in the patient’s
blood is then derived, the numerical value of which is preferably provided as an output

30 signal to a display means.

Preferably, the control and display means are integrally housed within a hand-
held control unit such as that illustrated in Fig. 4. The control unit preferably also provides a

means of securing or holding one or more micro-needles or an array of micro-needles in a
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15 displays information to the user. Control interface buttons 60 are
provided to allow the user to input information, such as the type of

anal yte targeted for neasurenent, to the control neans. Sensor device 10 is
electrically and physically coupled to control unit 52. Electrid8EP 2005
comuni cati on between the two is established by neans of conductive contacts
20 (not shown) on device 10 and correspondi ng electrical traces (not shown)

h I : it,.
1 SO e B o AROSE IR ORI oMb SR, o

commonl y ki@wn) such that a used sensor device can be easily renoved and
repl aced. Control unit 52 is gbeferably reusabl e and usable with any nunber
of sensor devices oRefeHEER BLFig] ‘h\ﬂéﬁﬁ@isoﬁhowmﬁ&@mféb?tfﬁ?‘@&e”ﬁfétﬂnlqftaeﬁf”égotf he

t aki ng of d
ranner . MEPREDE bR &S RTEh euBR s SORASERES Sy @0 Rohd- f BTbnBURR
for usd ngandesesisiddeeice 10@peceselamthuseadso dissa eh@ﬁzs of contiel enintheSthrer

concentratl on of an analyte in a physjol O?I cal 30 sanple. A variety of
di f f er ent deied YrigglufenArty (ﬁélﬂf‘e’@%cé‘érnﬁf'sqlfﬁg) eDratanf éﬁ’?“%‘?éh§'éﬁh a$RICEIRCediher e

repr esent ﬁ?d é’fq: 13l yhes doﬁleo}' t 95 HGROS usdg%%mﬁxteﬁé} a@EBf"E%ed?JﬁFQIE% and

the like. In pr t|C|ng t subj ect net erence tot gures),
t he firstplagtepmatesalt lmvmgawlcﬂepmfﬁmtsm%udiewn meucqumaw Apeangnor showhefor

m cro-needl es_100 of the present 17 3 SEP 2005 invention. Preferably,
sensor defqreElng the measursTaent pqaps %wcg&waeé? i¢: ECREALRG PRGGARSHElting

appr oy i a%ll?u{ RRIERE ki BQiF t& ﬁfe%?échﬁ&e%ﬂgal%gﬁb ﬁl?c,(rﬁ-)negél i1 58 gﬁ@x%%mlv}{% Sofr

devi ce 10 operatl vel y engage I nter aced W|t a contro 2 t hat
can be rrama&sluteyndmemgn:dm&oncmatelhl Aeadfthyyretdhgorits@arprogtamtredwithin to@dli nmut

programmed. for the targeted anal yte(s e user sitions sensor
devi ce 109%%?1“%““3‘59‘ Wdtes 88 deprrpes ﬁf’P‘é}’?f’?f%“%’k‘?fﬁhe taer! 2yt 18 f HMeght

pressur e, pitRe;af a%l@&edﬂr% eﬁ%ﬂﬁg ﬁﬁg&t@@orﬁ meﬁﬂ&Ylbﬁ%\%P(a%&g%%ed to

penetrate into t o which the mcro-needles 160 are
inserted ddslrbd théperadonnis thue thmﬂgnittedoé af haemabéapﬁay meengickcaeneddhas or by
sone o her ans associ ated wi t

E e1 sor, unit &0 for i Pg‘h@}he
i nserty ondigRipysnforRatbly eyt FORe s e sians fﬂesprewﬁ?ﬁq OShBEREET( i .
a sanpl e)to% ut?ﬂBﬁﬁAﬁo‘r&eﬂkﬁ a@fthettgﬁegﬂé?lla% &?éeté‘d’ ﬂdk theRd £S8A, Rlthd Bshepen ti Ios

102 of m cro needl es 100 1s or bed he gel - based, constituent transfer
medi um i nearsunens 120 of the respectlve m cr o- needl es by nmeans of osnosis.

e L ,L1e 1 22Ct] o £onyi 16 & 8- 1, BPUL R PGB R i 1
products @%&ﬁ%ﬂ%@n@ﬁdn%’hoﬁ%bl@deéﬁ%eqiﬁvoﬁ@@{'é}ﬂgh&yb}t heaRRificondlctifBdb@h@s or
20 (not shown) on device 10 and corresponding electrical traces (not shown) within control unit
52. Preferably, device 10 and control unit 52 are physically coupled by a quick lock-and-
release mechanism (many of which are commonly known) such that a used sensor device
can be easily removed and replaced. Control unit 52 is preferably reusable and usable with
any number of sensor devices of the subject invention. These features facilitate the taking of

25  multiple samples and measurements in an efficient and rapid manner.

METHODS OF USE

Also provided by the subject invention are methods for using the subject
devices and sensor systems to determine the concentration of an analyte in a physiological
30 sample. A variety of different analytes may be detected using the subject sensor systems,
where representative analytes include glucose, cholesterol, lactate, alcohol, and the like.
In practicing the subject methods (with reference to the Figures), the first step

is to provide a sensor device 10 having one or more micro-needles 100 of the present
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directly by the working electrode 108. The resulting output signal level is
then conducted to the control unit by electrode 108. A software al gorithm
programmed within control unit 52 then automatically determ nes the
differential between the output and reference signals, derlve31t3@5p2w5
concentration of analyte in the sanple fromthis differential value, and
then 20 derives the correspondi ng concentration |evel of the selected
analyte(s) in the patient's blood. Any or all of these val ues may be

di spl ayedidvgnighins Hréf¢rabbansnsor dodteeEis particMatle ¢oafgiste . casoaaitifi@lheuni t 52
whi ch automatically cal'cul ates and determines the concentratlon of a
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from a di split@ylcdby tHechsedaUin®] unis 52 iy rbpmmoegidor teeting meltbrgetc&’alhailyﬁstsl)\lo

6, 193,873 _entitled "Sanple Detection to Initiate Timng

El ect rioch&hf Bssr PRRLeRS S@n%ée‘a% L0 pugireseisrtegarcaet the padieas %Sl‘i”ﬁrc?é‘F’pW’rtBlﬁ]é@t by
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in practi B ng the b] ect of the su I nvention
i ncl ude agkih.edisd dccpneto&ulhpledte mfer[smseddtemmare iheariedgvitinkepard srothe length of the

m cro-needl es.. The kits Sné' al so include a reusabl e or disposable 18 1 3 S E
P 2005 cofftRSH Vi GronRSe T PYROMELBEiPaaRs Feagalsdeviby tha s bt L) K&nsor

devi ces of; Itﬂgtﬁé thsQ¥iofh Hﬁﬂ”‘- other kits of the subject invention. These kits
may i ncl udltral sensors havi an array of mcro- needl es having the sane or

di fferkent |engths. lﬂ?mltlasmikil trgo ﬁaypaticmfswltm,ualahmust @enseampieach contai ni ng

the sane or different t re than e reagent y he provided
5 i o SosiE O PR B PSS LR PR TB aH TeR e a0

m cr o- needse$cah§ R RYbeed cd’MsM&eﬁt tfdnE Rt meBRAEHLo fu?rﬁen%%@ bf‘@le@esfp!eéﬂe target
anal yte and one or hore oth m cro-needl es are provided wth other
reagent s horo-nesiidsriy medne of bm@& ednanalthy resctiori zoad .| the tar geeedkartagytg(s ef er abl y

i nclude i str tions for  usi the su sensors in the determ nation of
an anal yt éﬁ?chtw%t]ﬁeﬁeggtﬁﬂﬁ%m@d t%gm%%‘ﬁcﬁmé‘m%g‘iucltsn Sctions may

be presentic QR NR REATRY Se th]eq eqflemedl@@p&afgadwd b? th@BflonhNSediktor 8f
containers present in the kits, and the |ike. is evident fromthe above

descri ptid&rectlhby t*tehemkmg]eé@ttmdn\i@&t Thmmdheb e@lgyt signal lsyel mnlerceamdpetedicde f or
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si gni fi caftn doemdally Rbickh@mes QletdWerEht@il@etw-EG@ tieURit QG tanl RfERbEON ghfs, Shown and
described herein in what is considered to be the nost practica and

pr ef er r eddegiyboidiec vemaestratian ¢fanplyveoigrihe waiplh baebrs differantial ephwet andethen

20 derives the corresponding concentration level of the selected analyte(s) in the patient’s
blood. Any or all of these values may be displayed by display means or screen 58.

A device such as control unit 52 which automatically calculates and
determines the concentration of a selected analyte in a biological sample and/or in the
patient’s system, such that a user need only insert a micro-needle of the subject invention

25  into the patient’s skin and then read the final analyte concentration result from a display of
the device, is further described in U.S. Patent No. 6,193,873 entitled “Sample Detection to
_Initiate Timing of an Electrochemical Assay,” the disclosure of which is herein incorporated

by reference.

30 Kirs
Also provided by the subject invention are kits for use in practicing the
subject methods. The kits of the subject invention include at least one subject sensor device
having one or more micro-needles. The kits may also include a reusable or disposable
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may be made there from which are wthin the scope of the invention, and
that obvious nodifications will occur to one skilled in the art upon
reading this disclosure. 20 Al though the present invention is qujgﬂ:@@5
many applications, the sanpling of various biological fluids an

detection of many types of constituents, the invention has been described
primarily in the context of the detection of analytes in interstitial

fluids, a r I ein
nterst i PareRa HeR e UL R e bblish M A SELERLLAT (L PLRAERE 1" e
appl i cat i other kind efl thgsubadct fdwamii@] a[ﬁd:se Rivs map ficiddesphsordhsinsaestrdyesfeniorar e
considered to be illustrative and not restrictive. Mdjfications that conme

wi thin t h@esakstiangedbrsamerryeliferendansiay- dneriainkity may inclideowsqus waseeptdl such
as those tha miﬁﬁ%fuiggeg@ I%ﬁﬁléf s, A€o, ek g did rE%%H{ &l g%g@h%ﬁ are

intended to be ’nc Ricn th scope 'of the appen 13 SEP
2005 VHHAT whitBirClL s NEDi&iS: nekdleAmyswmlhme samplr¢ othbimitrogicedles htelprdvided
constituents fromthe skin a patient and nmeasuring a target constituent

within t hé”tlBla(flfétg‘Fé%F’t quéﬁsél“g @ﬁféstéyg?t&wb%m ey marg pthar Rigpdcrdetie at
| east a pgfdi v&ifh d%’ﬂé&? gre'ﬁ I*}g} %%moadlﬁerﬁ uaa aﬁﬂé@?ef}‘rﬁhzttﬁé assgrefefrﬁm

accessing-the ogl ca an el ectrochem ca Clated with
the mcr mmhetdlms,trut:ﬂrmmfeﬂ isigouip sulgecigemsors inubedetedndadtiondd sandalyre i nner
el ectrode wherein the electrodes e have a cylindrical configuration and

are spacetPFUICAdR A phKEeIoiFals 28 eaS‘.haﬁte TPEUSHPBHEAY BC PEREN RG5O FSEYI e
formeg, at {e Pheid fntr'é‘ab¥] iR¥ert, BEcOMLiRErs &%eﬁtnﬁ)% Wcan@m%ker-absorbent gel

matri x at t parfially contained wt |nthe ow portion of the
m cro-needl e and the space between the el ectrodes and (d) a control unit in
el ectrical comunication w h t he rochem cal for nmeasur

concentration of the%SieY rBHh@Fl 6?1(? es‘iﬁpt‘toﬁéhadlt?ﬁ %6’11‘?95]“"181‘?1‘?”& arezeasgﬁ%

system acgQrahRg, El%vﬁie%ﬂ&rﬂal té'féshﬁ’cf wﬁﬁémrthéhébﬁ (8 ci SHRLAY tHOilin hid RiG6LT 1 cal
communi cation wth the control unit di splaying information related to

t he measumimgabér na peén arat igeod. cbmsmqhtw@rsubjeca‘. inVdneios yepiresensccogrdficaptt o ¢l aim 1
furth conpr, si ng @ &?ﬁéi ng and a support means wherein the control unit
i s holrsed IR e ing and the mcro-needle is nounted to the support

means. 4. The syst efhOfubfdcRinbhti MISERIVY AlteddelibddBickdix i1t QAR ik 86Ssiderdipfour al
gel. 5. The systemof claim4 wherein the natural gel is selected fromthe

group conpg ihsinmgt pragitnabsied pedtmed embadimops! isarschgnzas hawedvast thacdepartures
may be made there from, which are within the scope of the invention, and that obvious
modifications will occur to one skilled in the art upon reading this disclosure.

20 Although the present invention is useful for many applications, the sampling
of various biological fluids and the detection of many types of constituents, the invention has
been described primarily in the context of the detection of analytes in interstitial fluids, and
as being particularly useful for the detection of glucose in interstitial fluid. Thus, the
specific devices and methods disclosed and the applications, biological fluids and

25  constituents discussed herein are considered to be illustrative and not restrictive.
Modifications that come within the meaning and range of equivalents of the disclosed
concepts, such as those that would readily occur to one skilled in the relevant art, are

intended to be included within the scope of the appended claims.
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6. The systemof claim1l wherein the gel matrix conprises a synthetic gel.
7. The systemof claim6 wherein the synthetic gel conprises a neutral
wat er - sol ubl e polyner. 8. The systemof claim1l wherein the el ?gt ?mm cal
cell is adjacent to a proxinmal end of the mcro-needle. 9. The yiE of
claim1 conprising an array of mcro-needles. 10. The systemof claim!]l
wher ei n t FEHAMISICIAIBMIED@Ske i s a reference el ectrode and the inner
el ectrode is a working el ectrode, and further wherein the control unit
conpri ses:l. meamssykom fsenacplg: dologta Clid coadtitucet doenbesksn giwglatito abdhe ref er ence
el ect r ode nanghrihgn targee c@iswiuag vathinghekiblogicd [flugiithp yystam gpmgdrisfngom t he wor ki ng
el ectrode; and neans for automatically determ ning the concentration of the
target consti t ygntmicro-rtebdle atdeast ogirtal offwhitihds hplow ané datijt anafped tietaledndct ri cal
out put si gnal . fdrkccchbing thy siobigicaf flidd;ai m 1 wherein the outer el ectrode and the
I nner el ectrode have substantially the sane length. 12. The systemof claim
1 wherein the gbitadreleetradtmieaieell 3ssbamgeivith tha mitrbacddis) e cell e@bprzthg.an 20

outer electrode and an inner electrode wherein the electrodes each have a cylindrical

configuration and are spaced from each other in a co-axial relationship, the micro-

needle formed at least partially by the outer electrode;

(c) a water-absorbent gel matrix at least partially contained within the hollow portion
of the micro-needle and the space between the electrodes; and

(d) a control unit in electrical communication with the electrochemical cell for
measuring the concentration of the target constituent of the biological fluid.

2. The system according to claim 1 further comprising a display unit in electrical
communication with the control unit for displaying information related to the measuring of
the target constituent.

3. The system according to claim 1 further comprising a housing and a support means
wherein the control unit is housed within the housing and the micro-needle is mounted to the
support means.

4, The system of ¢laim 1 wherein the gel matrix comprises a natural gel.

3. The system of claim 4 wherein the natural gel is selected from the group comprising
agarose, gelatin, mucopolysaccharide and starch.

6. The system of claim 1 wherein the gel matrix comprises a synthetic gel.

7. The system of claim 6 wherein the synthetic gel comprises a neutral water-soluble
polymer.

8. The system of claim 1 wherein the electrochemical cell is adjacent to a proximal end

of the micro-needle.
9. The system of claim 1 comprising an array of micro-needles.

10. The system of claim 1 wherein the outer electrode is a reference electrode and the
inner ¢lectrode is a working electrode, and further wherein the control unit comprises:

means for sending an electrical reference signal to the reference electrode and for
receiving an electrical output signal from the working electrode; and

means for automatically determining the concentration of the target constituent in the
biological fluid upon receipt of the electrical output signal.

11. The system of claim 1 wherein the outer electrode and the inner electrode have
substantially the same length.

12. The system of claim 1 wherein the outer electrode is longer than the inner electrode.
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