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(57) ABSTRACT 

The present invention relates to compositions for use in 
analyte monitoring devices. These compositions are useful 
to increase the ?ux of analyte across skin, tissue or mucosal 
surfaces. The compositions include hydrogels and collection 
reservoir systems comprising ionically conductive materi 
als. The present invention also includes methods of making/ 
manufacturing hydrogels or collection reservoir systems, 
collection assemblies comprising the hydrogels, electrode 
assemblies in combination With the hydrogels or collection 
reservoir systems, and methods of using the same. 
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COMPOSITIONS AND METHODS FOR 
ENHANCEMENT OF TRANSDERMAL ANALYTE 

FLUX 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional Application of US. 
patent application Ser. No. 10/643,631, ?led Aug. 18, 2003, 
Which claims the bene?t of US. Provisional Application No. 
60/404,807, ?led Aug. 19, 2002, Which applications are 
herein incorporated by reference in their entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to compo 
sitions and methods for the enhancement of transdermal 
analyte ?ux. 

BACKGROUND OF THE INVENTION 

[0003] A number of diagnostic tests are routinely per 
formed on humans to evaluate the amount or existence of 
substances present in blood or other body ?uids. These 
diagnostic tests typically rely on physiological ?uid samples 
removed from a subject, either using a syringe or by pricking 
the skin. One particular diagnostic test entails self-monitor 
ing of blood glucose levels by people With diabetes. 

[0004] Diabetes is a major health concern, and treatment 
of the more severe form of the condition, Type 1 (insulin 
dependent) diabetes, requires one or more insulin injections 
per day. Insulin controls utiliZation of glucose or sugar in the 
blood and prevents hyperglycemia Which, if left uncor 
rected, can lead to ketosis. On the other hand, improper 
administration of insulin therapy can result in hypoglycemic 
episodes, Which can cause coma and death. Hyperglycemia 
in diabetics has been correlated With several long-term 
effects of diabetes, such as heart disease, atherosclerosis, 
blindness, stroke, hypertension and kidney failure. 

[0005] The value of frequent monitoring of blood glucose 
to avoid or at least minimiZe the complications of Type 1 
diabetes is Well established. Patients With Type 2 (non 
insulin-dependent) diabetes can also bene?t from blood 
glucose monitoring in the control of their condition by Way 
of diet and exercise. 

[0006] Conventional blood glucose monitoring methods 
generally require the draWing of a blood sample (e.g., by 
?ngerprick) for each test, and a determination of the glucose 
level using an instrument that reads glucose concentrations 
by electrochemical or calorimetric methods. Type 1 diabet 
ics must obtain several ?ngerprick blood glucose measure 
ments each day in order to maintain tight glycemic control. 
HoWever, the pain and inconvenience associated With this 
blood sampling, along With the fear of hypoglycemia, has 
led to poor patient compliance, despite strong evidence that 
tight control dramatically reduces long-term diabetic com 
plications. In fact, these considerations can often lead to an 
abatement of the monitoring process by the diabetic. See, 
e.g., The Diabetes Control and Complications Trial 
Research Group (1993) NeW Engl. J. Med. 329:977-1036. 

[0007] Recently, various methods for determining the con 
centration of blood analytes Without draWing blood have 
been developed. Some of these methods use hydrogels. A 
number of hydrophilic, polymeric compounds are knoWn to 
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form a gel in the presence of Water, for example, 2% gelatin 
in Water, obtained by the hydrolysis of collagen by boiling 
skin, ligaments, tendons, etc., Will form a gel. A hydrogel 
may be formed by adding a solute, such as gelatin, to Water 
at an elevated temperature to dissolve gelatin. The solution 
is then cooled and the solute(s) (e.g., solid gelatin compo 
nents) forms submicroscopic crystalline particle groups 
Which retain a great deal of solvent (generally Water) in the 
interstices. 

[0008] Gels may be formed from naturally occurring or 
synthetic materials and have a Wide range of uses including 
photographic ?lm, siZing, textile and paper adhesives, cap 
sules and patches for medicinals, and patches used With 
electronic medical monitoring equipment. US. Pat. No. 
5,405,366 to Fox et al. describes the formation of a non 
stringy adhesive hydrophilic gel for use in delivering medi 
caments to a patent. The gels are formed, for example, by 
crosslinking the Water soluble N-vinyl-2-pyrrolidone poly 
mer under conditions such that the gel is free of unbound 
Water. US. Pat. No. 5,143,071 to Keusch et al. also describes 
the formation of non-stringy adhesive gels by crosslinking 
poly(vinyl pyrrolidone) or poly(ethylene oxide). 

[0009] Gel formulations for use in analyte monitoring 
devices have been described in PCT International Publica 
tion Nos. WO 97/02811 and WO 00/64533. 

[0010] The present invention provides gel compositions, 
as Well as compositions of ionically conductive materials, 
and methods that provide enhanced transdermal ?ux of 
analyte and improved performance of analyte monitoring 
systems. 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to buffer composi 
tions, ionically conductive materials, hydrogels, collection 
reservoir assemblies, collection assemblies, electrode 
assemblies comprising hydrogels, and collection assem 
blies/electrode assemblies (e.g., AutoSensors) for use in an 
analyte monitoring device. The present invention also 
includes methods of use and methods of making/manufac 
turing the compositions and assemblies of the present inven 
tion. 

[0012] In one aspect, the present invention relates to a 
hydrogel composition for use in transdermal extraction of an 
analyte. The hydrogel composition may, for example, com 
prises a hydrophilic compound capable of forming a gel in 
the presence of Water, an electrolyte, a phosphate buffer 
present at a concentration of betWeen about 125 mM and 
about 500 mM, and a pH of betWeen about pH 6.5 to about 
pH 8.5. Typically, the hydrophilic compound is a polymer 
and the polymer is present at a Weight percent of betWeen 
about 0.5% to about 40%, preferably about 1% to about 
35%, more preferably about 2% to about 20% of the total 
Weight of the hydrogel. The hydrophilic compound may, for 
example, be polyethylene oxide, polyvinyl alcohol, poly 
acrylic acid, polyvinyl pyrrolidone, and/or co-polymers 
thereof. In a preferred embodiment the hydrophilic com 
pound comprises polyethylene oxide (e.g., at about 8% to 
about 12% of the total Weight of the hydrogel for PEO Mr 
600,000). In one embodiment the hydrophilic compound 
consists essentially of polyethylene oxide (e.g., betWeen 
about 9% to about 11% of the total Weight of the hydrogel 
for PEO Mr 600,000). 
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[0013] In one embodiment, the pH of the hydrogels of the 
present invention is betWeen about pH 7 to about pH 8. The 
hydrogels may further comprise a cross-linking agent 
(present, for example, at a Weight percent of from about 
0.001% to about 2%). One exemplary cross-linking agent is 
bisacrylamide. The hydrogels of the present invention may 
also be irradiated, for example, using e-beam radiation, to 
promote cross-linking Within the hydrogel. The phosphate 
buffer present in the hydrogels may comprise monobasic and 
dibasic phosphate. The monobasic and dibasic phosphate 
typically comprise phosphate and counter ions. The counter 
ions are, for example, sodium counter ions, potassium 
counter ions, or a mixture thereof. In some embodiments of 
the present invention the monobasic and dibasic phosphate 
the counter ion is potassium. The hydrogels of the present 
invention also comprise an electrolyte that may, for 
example, be a chloride salt. Such a chloride salt may, for 
example, be present at a Weight percent of betWeen about 
0.25% to about 2%. In a preferred embodiment a chloride 
salt is present at a Weight percent of 0.9%. Exemplary 
chloride salts include, but are not limited to, sodium chlo 
ride, potassium chloride, or a mixture thereof. Further, the 
hydrogels of the present invention may comprise an enZyme 
useful for detection of a selected analyte, for example, When 
the analyte is glucose the hydrogel may comprise glucose 
oxidase. 

[0014] When the hydrogels of the present invention are 
employed in iontophoretic extraction of glucose across a 
skin or mucosal surface, glucose ?ux into the hydrogel is 
typically at least about 0.65 nmol/cm2 hr at 0.25-0.32 
mA/cm current density. The glucose ?ux into the hydrogel 
may be, for example, at least about 0.8 nmol/cm2 hr, at least 
about 1.0 nmol/cm2 hr, or at least about 1.1 nmol/cm2 hr. 

[0015] Typically the hydrogels of the present invention 
have a background signal of less than about 100 nA When 
acting as an electrolyte for an amperometric sensing elec 
trode. 

[0016] The hydrogels of the present invention may further 
comprise one or more biocides. Exemplary biocides include, 
but are not limited to, chlorinated hydrocarbons, organome 
tallics, metallic salts, organic sulfur compounds, phenolic 
compounds, quaternary ammonium compounds, surfactants, 
membrane-disrupting agents, and combinations thereof. In 
one embodiment of the present invention, the biocide is 
undecylenic acid and/or a salt thereof. 

[0017] In another aspect the present invention relates to 
electrode assemblies comprising, a ?rst hydrogel having ?rst 
and second surfaces, the hydrogel comprising a hydrophilic 
compound capable of forming a gel in the presence of Water, 
an electrolyte, a phosphate buffer present at a concentration 
of betWeen about 125 mM and about 500 mM, and a pH of 
betWeen about pH 6.5 to about pH 8.5, and a ?rst ionto 
phoretic electrode, Wherein the ?rst iontophoretic electrode 
is aligned to contact the second surface of the ?rst hydrogel. 
Electrode assemblies may further comprise a ?rst sensing 
electrode, Wherein the ?rst sensing electrode is aligned to 
contact the second surface of the ?rst hydrogel. In some 
embodiments, the sensing electrode comprises a reactive 
surface comprising a platinum group metal and a polymer 
binder. Electrode assemblies may further comprise a second 
hydrogel having ?rst and second surfaces, and a second 
iontophoretic electrode, Wherein the second iontophoretic 
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electrode is aligned to contact the second surface of the 
second hydrogel. Further, the electrode assembly may com 
prise a second sensing electrode, Wherein the second sensing 
electrode is aligned to contact the second surface of the 
second hydrogel. 

[0018] In yet another aspect the present invention relates 
to electrode assemblies comprising a ?rst hydrogel having 
?rst and second surfaces, the hydrogel comprising a hydro 
philic compound capable of forming a gel in the presence of 
Water, an electrolyte, a phosphate buffer present at a con 
centration of betWeen about 125 mM and about 500 mM, 
and a pH ofbetWeen about pH 6.5 to about pH 8.5, and a ?rst 
sensing electrode, Wherein the ?rst sensing electrode (i) is 
aligned to contact the second surface of the ?rst hydrogel, 
and (ii) has a reactive surface comprising a platinum group 
metal and a polymer binder. Electrode assemblies may 
further comprise a ?rst iontophoretic electrode, Wherein the 
?rst iontophoretic electrode is aligned to contact the second 
surface of the ?rst hydrogel. Further, the electrode assem 
blies may include a second hydrogel having ?rst and second 
surfaces, and a second sensing electrode, Wherein the second 
sensing electrode (i) is aligned to contact the second surface 
of the ?rst hydrogel, and (ii) has a reactive surface com 
prising a platinum group metal and a polymer binder, as Well 
as a second iontophoretic electrode, Wherein the second 
iontophoretic electrode is aligned to contact the second 
surface of the second hydrogel. 

[0019] In another aspect, the present invention includes 
methods of making/manufacturing a collection assembly, for 
use in an iontophoretic sampling device useful to monitor a 
selected analyte or derivatives thereof present in a biological 
system. In one method, ?rst and second collection inserts are 
provided Wherein each insert comprising a hydrogel having 
?rst and second surfaces, each hydrogel comprising a hydro 
philic compound capable of forming a gel in the presence of 
Water, an electrolyte, a phosphate buffer present at a con 
centration of betWeen about 125 mM and about 500 mM, 
and a pH of betWeen about pH 6.5 to about pH 8.5. A mask 
is provided Wherein the mask comprises (i) a material that is 
substantially impermeable to the selected analyte or deriva 
tives thereof, and (ii) inner and outer faces, Wherein the 
mask de?nes ?rst and second openings and a border. Further, 
a retaining layer is provided Wherein the retaining layer 
comprises inner and outer faces, and the retaining layer 
de?nes ?rst and second openings and a border. In the 
method, the inner face of the mask is positioned in facing 
relation With the ?rst surface of each collection insert, such 
that (i) the ?rst and second openings of the mask are, 
respectively, aligned With the ?rst and second collection 
inserts (ii) each opening of the mask exposes at least a 
portion of the ?rst surface of the collection insert With Which 
it is aligned, and (iii) the border extends beyond the ?rst 
surface of each of the collection inserts to provide an 
overhang. The inner face of the retaining layer is positioned 
in facing relation With the second surface of each collection 
insert, such that (i) the ?rst and second openings of the 
retaining layer are, respectively, aligned With the ?rst and 
second collection inserts, (ii) each opening of the retaining 
layer exposes at least a portion of the second surface of the 
collection insert With Which it is aligned, and (iii) the border 
extends beyond the ?rst surface of each of the collection 
inserts to provide an overhang. This method results in 
production of a collection assembly. In some embodiments 
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the collection assembly is used to monitor glucose present in 
the biological system. In this case the hydrogels typically 
comprise glucose oxidase. 
[0020] In yet another aspect the present invention relates 
to a method of making/manufacturing a collection assembly/ 
electrode assembly (e.g., an AutoSensor assembly) for use in 
an iontophoretic sampling device useful to monitor a 
selected analyte or derivatives thereof present in a biological 
system. In the method, ?rst and second collection inserts are 
provided Where each insert comprising a hydrogel having 
?rst and second surfaces, each hydrogel comprising a hydro 
philic compound capable of forming a gel in the presence of 
Water, an electrolyte, a phosphate buffer present at a con 
centration of betWeen about 125 mM and about 500 mM, 
and a pH of betWeen about pH 6.5 to about pH 8.5. A mask 
is provided that is (i) a substantially planar material that is 
substantially impermeable to the selected analyte or deriva 
tives thereof, and (ii) inner and outer faces, Wherein the 
mask de?nes ?rst and second openings and a border. A 
retaining layer is also provided, Where the retaining layer 
comprises inner and outer faces. The retaining layer also 
de?nes ?rst and second openings and a border. First and 
second electrode assemblies are also provided, each elec 
trode assembly comprising (i) ?rst and second surfaces, and 
(ii) the ?rst surface comprising an electrode. A support tray 
is also provided. The inner face of the mask is positioned in 
facing relation With the ?rst surface of each collection insert, 
such that (i) the ?rst and second openings of the mask are, 
respectively, aligned With the ?rst and second collection 
inserts, (ii) each opening of the mask exposes at least a 
portion of the ?rst surface of the collection insert With Which 
it is aligned, and (iii) the border extends beyond the ?rst 
surface of each of the collection inserts to provide an 
overhang. The inner face of the retaining layer is positioned 
in facing relation With the second surface of each collection 
insert, such that (i) the ?rst and second openings of the 
retaining layer are, respectively, aligned With the ?rst and 
second collection inserts, (ii) each opening of the retaining 
layer exposes at least a portion of the second surface of the 
collection insert With Which it is aligned, and (iii) the border 
extends beyond the ?rst surface of each of the collection 
inserts to provide an overhang. The ?rst and second elec 
trode assemblies are positioned relative to the outer face of 
the retaining layer such that a ?rst surface of the electrode 
of the ?rst electrode assembly is aligned With the ?rst 
opening in the retaining layer, and a ?rst surface of the 
electrode of the second electrode assembly is aligned With 
the second opening in the retaining layer. The support tray 
is positioned such that it contacts the second surface of each 
electrode assembly. This method results in production of a 
collection assembly/electrode assembly. In some embodi 
ments the collection assembly/electrode assembly is used to 
monitor glucose present in the biological system. In this case 
the hydrogels typically comprise glucose oxidase. 
[0021] In yet another aspect, the present invention relates 
to collection reservoir systems for transdermal extraction of 
an analyte. A collection reservoir system typically comprises 
one or more collection reservoirs, Wherein at least one 
collection reservoir comprises an ionically conductive mate 
rial comprising, for example, electrolyte, phosphate buffer 
present at a concentration of betWeen about 125 mM and 
about 500 mM, and a pH of betWeen about pH 6.5 to about 
pH 8.5, preferably the pH is betWeen about pH 7 to about pH 
8. The ionically conductive material may further comprise a 
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hydrophilic polymer. The phosphate buffer typically is made 
up of monobasic and dibasic phosphate. The monobasic and 
dibasic phosphate comprise phosphate and counter ions. The 
counter ions are sodium counter ions, potassium counter 
ions, or a mixture thereof. In some embodiments the 
monobasic and dibasic phosphate counter ion is potassium. 
The electrolyte may, for example, be a chloride salt. The 
chloride salt may be present at a Weight percent of betWeen 
about 0.25% to about 2%, preferably at a Weight percent of 
about 0.9%. The chloride salt may be sodium chloride, 
potassium chloride, or a mixture thereof. The collection 
reservoir, comprising ionically conductive material, may 
further comprise an enZyme useful for detection of the 
analyte, for example, When the analyte is glucose the col 
lection reservoir may comprise glucose oxidase. 

[0022] When the collection reservoir systems, comprising 
ionically conductive material, of the present invention are 
employed in iontophoretic extraction of glucose across a 
skin or mucosal surface, glucose ?ux into the collection 
reservoir is typically at least about 0.65 nmol/cm2 hr at 
0.25-0.32 mA/cm2 current density. The glucose ?ux into the 
collection reservoir may be, for example, at least about 0.8 
nmol/cm2hr, at least about 1.0 nmol/cm2hr, or at least about 
1.1 nmol/cm2hr. 

[0023] In a further aspect, the present invention includes 
methods of making/manufacturing collection reservoir sys 
tems of the present invention for use in an iontophoretic 
sampling device useful to monitor a selected analyte or 
derivatives thereof present in a biological system. In one 
method, one or more collection reservoirs is provided and to 
at least one collection reservoir is added an appropriate 
volume of an ionically conductive material, comprising 
electrolyte, and phosphate buffer present at a concentration 
of betWeen about 125 mM and about 500 mM, With a pH of 
betWeen about pH 6.5 to about pH 8.5. 

[0024] In yet another aspect of the invention, a method of 
increasing transdermal ?ux of an analyte is described. In the 
method, the analyte is extracted across a tissue surface using 
an iontophoretic sampling device, Wherein the sampling 
device comprises a hydrogel composition or collection res 
ervoir system comprising ionically conductive material as 
described herein. The increase in transdermal ?ux is evalu 
ated relative to extracting the analyte using the iontophoretic 
sampling device Wherein the hydrogel composition instead 
comprises a hydrophilic compound capable of forming a gel 
in the presence of Water, an electrolyte, a phosphate buffer 
present at a concentration of equal to or less than 100 mM, 
and a pH of about pH 7 to about pH 8. In one embodiment 
the tissue surface is the stratum comeum of skin tissue. In 
another embodiment the tissue surface is a mucosal surface. 

[0025] Yet another aspect of the invention includes meth 
ods of determining the concentration of an analyte in a 
mammalian subject using a monitoring system comprising 
an iontophoretic sampling device. In one method, a ?rst 
surface of a hydrogel or collection reservoir system 
described herein is in contact With a tissue surface of the 
mammalian subject, Wherein (i) a second surface of the 
hydrogel is in contact With a ?rst iontophoretic electrode and 
a ?rst sensing electrode, and (ii) the monitoring system 
comprises an electrode assembly, the electrode assembly 
comprising the ?rst iontophoretic electrode, the ?rst sensing 
electrode, and a second iontophoretic electrode. A current is 
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provided to the ?rst and second iontophoretic electrodes in 
an amount suf?cient to effect the extraction of the analyte 
through the mammalian subject’s skin, into the hydrogel and 
to the catalytic surface of the ?rst sensing electrode. A 
potential is provided to the ?rst sensing electrode in an 
amount suf?cient to drive electrochemical detection of the 
analyte or an analyte-related chemical signal. Electrical 
current, generated by the electrochemical detection at the 
electrode, is measured. The measured current is then corre 
lated to a concentration or amount of analyte in the mam 
malian subject. 

[0026] The tissue surface may, for example, be the stratum 
corneum of skin tissue or a mucosal surface. When the 
analyte is glucose, the hydrogel or collection reservoir 
system typically comprises glucose oxidase and the analyte 
related chemical signal is hydrogen peroxide. 

[0027] These and other embodiments of the present inven 
tion Will readily occur to those of ordinary skill in the art in 
vieW of the disclosure herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0028] FIG. 1A presents a schematic of an exploded vieW 
of exemplary components comprising one embodiment of a 
GlucoWatch® (Cygnus, Inc., RedWood City, Calif.) 
AutoSensor for use in a monitoring system. This AutoSensor 
exempli?es one embodiment of a collection assembly/elec 
trode assembly. FIG. 1B presents a schematic of an 
exploded vieW of exemplary components comprising a 
second embodiment of an AutoSensor for use in a monitor 
ing system. This AutoSensor exempli?es a second embodi 
ment of a collection assembly/electrode assembly. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] All patents, publications, and patent applications 
cited in this speci?cation are herein incorporated by refer 
ence as if each individual patent, publication, or patent 
application Was speci?cally and individually indicated to be 
incorporated by reference in its entirety for all purposes. 

1.0.0 De?nitions 

[0030] It is to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting. As used in this 
speci?cation and the appended claims, the singular forms 
“a,”“an” and “the” include plural referents unless the context 
clearly dictates otherWise. Thus, for example, reference to “a 
reservoir” includes a combination of tWo or more such 
reservoirs, reference to “an analyte” includes one or more 
analytes, mixtures of analytes, and the like. 

[0031] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which the 
invention pertains. Although other methods and materials 
similar, or equivalent, to those described herein can be used 
in the practice of the present invention, the preferred mate 
rials and methods are described herein. 

[0032] In describing and claiming the present invention, 
the folloWing terminology Will be used in accordance With 
the de?nitions set out beloW. 
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[0033] The term “microprocessor” refers to a computer 
processor contained on an integrated circuit chip, such a 
processor may also include memory and associated circuits. 
A microprocessor may further comprise programmed 
instructions to execute or control selected functions, com 
putational methods, sWitching, etc. Microprocessors and 
associated devices are commercially available from a num 
ber of sources, including, but not limited to, Cypress Semi 
conductor Corporation, San Jose, Calif.; IBM Corporation, 
White Plains, N.Y.; Applied Microsystems Corporation, 
Redmond, Wash.; Intel Corporation, Santa Clara, Calif.; 
and, National Semiconductor, Santa Clara, Calif. 
[0034] The terms “analyte” and “target analyte” are used 
to denote any physiological analyte of interest that is a 
speci?c substance or component that is being detected 
and/or measured in a chemical, physical, enZymatic, or 
optical analysis. A detectable signal (e.g., a chemical signal 
or electrochemical signal) can be obtained, either directly or 
indirectly, from such an analyte or derivatives thereof. 
Furthermore, the terms “analyte” and “substance” are used 
interchangeably herein, and are intended to have the same 
meaning, and thus encompass any substance of interest. In 
preferred embodiments, the analyte is a physiological ana 
lyte of interest, for example, glucose, or a chemical that has 
a physiological action, for example, a drug or pharmaco 
logical agent. 
[0035] A “sampling device,”“sampling mechanism” or 
“sampling system” refers to any device and/or associated 
method for obtaining a sample from a biological system for 
the purpose of determining the concentration of an analyte 
of interest. Such “biological systems” include any biological 
system from Which the analyte of interest can be extracted, 
including, but not limited to, blood, interstitial ?uid, perspi 
ration and tears. Further, a “biological system” includes both 
living and arti?cially maintained systems. The term “sam 
pling” mechanism refers to extraction of a substance from 
the biological system, generally across a membrane such as 
the stratum corneum or mucosal membranes, Wherein said 
sampling is invasive, minimally invasive, semi-invasive or 
non-invasive. The membrane can be natural or arti?cial, and 
can be of plant or animal nature, such as natural or arti?cial 
skin, blood vessel tissue, intestinal tissue, and the like. 
Typically, the sampling mechanism is in operative contact 
With a “reservoir,” or “collection reservoir,” Wherein the 
sampling mechanism is used for extracting the analyte from 
the biological system into the reservoir to obtain the analyte 
in the reservoir. Non-limiting examples of sampling tech 
niques include iontophoresis, sonophoresis (see, e.g., PCT 
International Publication No. WO 91/ 12772; US. Pat. No. 
5,636,632), suction, electroporation, thermal poration, pas 
sive diffusion (see, e.g., PCT International Publication Nos.: 
WO 97/38126; WO 97/42888, WO 97/42886, WO 
97/42885, and WO 97/42882; and WO 97/43962), micro?ne 
(miniature) lances or cannulas, biolistic (e. g., using particles 
accelerated to high speeds), subcutaneous implants or inser 
tions, and laser devices (see, e.g., Jacques et al. (1978) J. 
Invest. Dermatology 88:88-93; PCT International Publica 
tion Nos. WO 99/44507, WO 99/44638, and WO 99/40848). 
Iontophoretic sampling devices are described, for example, 
in PCT International Publication No. WO 97/24059; Euro 
pean Patent Application EP 0942 278; PCT International 
Publication Nos. WO 96/00110, WO 97/10499; US. Pat. 
Nos. 5,279,543; 5,362,307; 5,730,714; 5,771,890; 5,989, 
409; 5,735,273; 5,827,183; 5,954,685, 6,023,629, and 6,298, 
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254. Further, a polymeric membrane may be used at, for 
example, the electrode surface to block or inhibit access of 
interfering species to the reactive surface of the electrode. 

[0036] The term “physiological ?uid” refers to any desired 
?uid to be sampled, and includes, but is not limited to, blood, 
cerebrospinal ?uid, interstitial ?uid, semen, sWeat, saliva, 
urine and the like. 

[0037] The term “arti?cial membrane” or “arti?cial sur 
face,” refers to, for example, a polymeric membrane, or an 
aggregation of cells of monolayer thickness or greater Which 
are groWn or cultured in vivo or in vitro, Wherein said 
membrane or surface functions as a tissue of an organism but 

is not actually derived, or excised, from a pre-existing 
source or host. 

[0038] A “monitoring system, analyte monitoring sys 
tem,” or “analyte monitoring device” refers to a system 
useful for obtaining frequent measurements of a physiologi 
cal analyte present in a biological system (e.g., analyte 
amount or concentration in blood or interstitial ?uid). Such 
a system may comprise, but is not limited to, a sensing 
device and one or more microprocessors in operative com 
bination With the sensing device, or a sampling device, a 
sensing device, and one or more microprocessors in opera 
tive combination With the sampling device and the sensing 
device. 

[0039] A “measurement cycle” typically comprises sens 
ing of an analyte in a sample, for example, using a sensing 
device, to provide a measured signal, for example, a mea 
sured signal response curve. Typically a series of measure 
ment cycles provides a series of measured signals. The 
measurement cycle may further comprise, for example, 
extraction of an analyte from a subject, using, for example, 
a sampling device. A complete measurement cycle may 
comprise one or more sets of extraction and sensing. 

[0040] The term “frequent measurement” refers to a series 
of tWo or more measurements obtained from a particular 
biological system, Which measurements are obtained using 
a single device maintained in operative contact With the 
biological system over a time period in Which a series of 
measurements (e.g., second, minute or hour intervals) is 
obtained. The term thus includes continual and continuous 
measurements. 

[0041] The term “subject” encompasses any Warm 
blooded animal, particularly including a member of the class 
Mammalia such as, Without limitation, humans and nonhu 
man primates such as chimpanZees and other apes and 
monkey species; farm animals such as cattle, sheep, pigs, 
goats and horses; domestic mammals such as dogs and cats; 
laboratory animals including rodents such as mice, rats and 
guinea pigs, and the like. The term does not denote a 
particular age or sex and, thus, includes adult and neWborn 
subjects, Whether male or female. 

[0042] The term “transdermal” includes both transdermal 
and transmucosal techniques, i.e., extraction of a target 
analyte across skin, for example, stratum corneum, or 
mucosal tissue. Aspects of the invention, Which are 
described herein in the context of “transdermal,” unless 
otherWise speci?ed, are meant to apply to both transdermal 
and transmucosal techniques. 

[0043] The term “transdermal extraction,” or “transder 
mally extracted” refers to any sampling method, Which 

May 18, 2006 

entails extracting and/or transporting an analyte from 
beneath a tissue surface across skin or mucosal tissue. The 
term thus includes extraction of an analyte using, for 
example, iontophoresis (reverse iontophoresis), electroos 
mosis, sonophoresis, microdialysis, suction, and passive 
di?fusion. These methods can, of course, be coupled With 
application of skin penetration enhancers or skin permeabil 
ity enhancing technique such as various substances or physi 
cal methods such as tape stripping or pricking With micro 
needles. The term “transdermally extracted” also 
encompasses extraction techniques Which employ thermal 
poration, laser microporation, electroporation, micro?ne 
lances, micro?ne cannulas, subcutaneous implants or inser 
tions, combinations thereof, and the like. 

[0044] The term “iontophoresis” refers to a method for 
transporting substances across tissue by Way of an applica 
tion of electrical energy to the tissue. In conventional 
iontophoresis, a reservoir is provided at the tissue surface to 
serve as a container of (or to provide containment for) 
material to be transported. lontophoresis can be carried out 
using standard methods knoWn to those of skill in the art, for 
example by establishing an electrical potential using a direct 
current (DC) betWeen ?xed anode and cathode “ionto 
phoretic electrodes,” alternating a direct current betWeen 
anode and cathode iontophoretic electrodes, or using a more 
complex Waveform such as applying a current With alter 
nating polarity (AP) betWeen iontophoretic electrodes (so 
that each electrode is alternately an anode or a cathode). For 
example, see U.S. Pat. Nos. 5,771,890, 6,023,629, 6,298, 
254, and PCT lntemational Publication No. WO 96/00109. 

[0045] The term “reverse iontophoresis” refers to the 
movement of a substance from a biological ?uid across a 
membrane by Way of an applied electric potential or current. 
In reverse iontophoresis, a reservoir is provided at the tissue 
surface to receive the extracted material, as used in the 
GlucoWatch® (Cygnus, lnc., RedWood City, Calif.) biogra 
pher and GlucoWatch® G2TM (Cygnus, lnc., RedWood City, 
Calif.) biographer glucose monitors (see, e.g., Tamada et al. 
(1999) JAMA 282:1839-1844). 

[0046] “Electroosmosis” refers to the movement of a 
substance through a membrane by Way of an electric ?eld 
induced convective ?oW. The terms iontophoresis, reverse 
iontophoresis, and electroosmosis, Will be used interchange 
ably herein to refer to movement of any ionically charged or 
uncharged substance across a membrane (e.g., an epithelial 
membrane) upon application of an electric potential to the 
membrane through an ionically conductive medium. 

[0047] The term “sensing device” or “sensing mecha 
nism” encompasses any device that can be used to measure 
the concentration or amount of an analyte, or derivative 
thereof, of interest. Preferred sensing devices for detecting 
analytes (e.g., in blood or interstitial ?uid) generally include 
electrochemical devices, optical and chemical devices and 
combinations thereof. Examples of electrochemical devices 
include the Clark electrode system (see, e.g., Updike, et al., 
(1967) Nature 214:986-988), and other amperometric, cou 
lometric, or potentiometric electrochemical devices, as Well 
as, optical methods, for example UV detection or infrared 
detection (e.g., U.S. Pat. No. 5,747,806). For example, U.S. 
Pat. No. 5,267,152 to Yang et al. describes a noninvasive 
technique of measuring blood glucose concentration using 
near-1R radiation diffuse-re?ection laser spectroscopy. Near 
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IR spectrometric devices are also described in Us. Pat. No. 
5,086,229 to Rosenthal, et al., U.S. Pat. No. 5,747,806, to 
Khalil, et al., and Us. Pat. No. 4,975,581, to Robinson, et 
al. Additional examples include sensing systems used for 
continuous monitoring of an analyte amount or concentra 
tion in a subject, for example, as described in Us. Pat. Nos. 
6,134,461 and 6,175,752. 

[0048] A “biosensor” or “biosensor device” includes, but 
is not limited to, a “sensor element” that includes, but is not 
limited to, a “biosensor electrode” or “sensing electrode” or 
“Working electrode” Which refers to the electrode that is 
monitored to determine the amount of electrical signal at a 
point in time or over a given time period, Which signal is 
then correlated With the concentration of a chemical com 
pound. The sensing electrode comprises a reactive surface 
that converts the analyte, or a derivative thereof, to electrical 
signal. The reactive surface can be comprised of any elec 
trically conductive material such as, but not limited to, 
platinum-group metals (including, platinum, palladium, 
rhodium, ruthenium, osmium, and iridium), nickel, copper, 
and silver, as Well as, oxides, and dioxides, thereof, and 
combinations or alloys of the foregoing, Which may include 
carbon as Well. Some biosensor electrode embodiments are 
described in EP 0 942 278, GB 2 335 278, U.S. Pat. Nos. 
6,042,751, 6,587,705, and PCT International Publication 
No. WO 03/054070. Some catalytic materials, membranes, 
and fabrication technologies suitable for the construction of 
amperometric biosensors are also described by Newman, I. 
D., et al. (1995) Analytical Chemistry 67:4594-4599. 

[0049] The “sensor element” can include components in 
addition to the sensing electrode, for example, it can include 
a “reference electrode” and a “counter electrode.” The term 
“reference electrode” is used to mean an electrode that 
provides a reference potential, e.g., a potential can be 
established betWeen a reference electrode and a Working 
electrode. The term “counter electrode” is used to mean an 
electrode in an electrochemical circuit that acts as a current 
source or sink to complete the electrochemical circuit. 
Although it is not essential that a counter electrode be 
employed Where a reference electrode is included in the 
circuit and the electrode is capable of performing the func 
tion of a counter electrode, it is preferred to have separate 
counter and reference electrodes because the reference 
potential provided by the reference electrode is most stable 
When it is at equilibrium. If the reference electrode is 
required to act further as a counter electrode, the current 
?oWing through the reference electrode may disturb this 
equilibrium. Consequently, separate electrodes functioning 
as counter and reference electrodes are preferred. 

[0050] In one embodiment, the “counter electrode” of the 
“sensor element” comprises a “bimodal electrode.” The term 
“bimodal electrode” typically refers to an electrode Which is 
capable of functioning non-simultaneously as, for example, 
both the counter electrode (of the “sensor element”) and the 
iontophoretic electrode (of the “sampling mechanism”) as 
described, for example, U.S. Pat. No. 5,954,685. 

[0051] The terms “reactive surface,” and “reactive face” 
are used interchangeably herein to mean the surface of the 
sensing electrode that: (1) is comprised of a catalytic mate 
rial (e.g., a platinum group metal, platinum, palladium, 
rhodium, ruthenium, or nickel and/or oxides, dioxides and 
combinations or alloys thereof) or a material that provides 
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sites for electrochemical reaction; (2) converts a chemical 
signal (for example, hydrogen peroxide) into an electrical 
signal (e.g., an electrical current); and (3) de?nes the elec 
trode surface area that, When composed of a reactive mate 
rial, is suf?cient to drive the electrochemical reaction at a 
rate su?icient to generate a detectable, reproducibly mea 
surable, electrical signal When an appropriate electrical bias 
is supplied, that is correlatable With the amount of analyte 
present in the electrolyte. Further, the reactive surface or 
reactive face may be in contact With the surface of an 
ionically conductive material that contains an analyte or 
through Which an analyte, or a derivative thereof, ?oWs from 
a source. 

[0052] “Ionically conductive material” compositions are 
described herein. An ionically conductive material provides 
a composition that is electrically conductive and through 
Which electrochemically active species can diffuse. The 
ionically conductive material is typically in the form of a 
hydrogel. The ionically conductive material may be, for 
example, a solid, liquid, or semi-solid material that contains 
an electrolyte, Which can be composed primarily of Water 
and ions (e.g., sodium chloride), and generally comprises 
50% or more Water by Weight. The material can be in the 
form of a hydrogel, a sponge or pad (e.g., soaked With an 
electrolytic solution), or any other material that can contain 
an electrolyte and alloW passage of electrochemically active 
species, especially the analyte of interest. The ionically 
conductive material is typically in the form of a hydrogel. 
The ionically conductive material may comprise a biocide. 
For example, during manufacture of a collection assembly, 
one or more biocides may be incorporated into the ionically 
conductive material. Biocides of interest include, but are not 
limited to, compounds such as chlorinated hydrocarbons; 
organometallics; metallic salts; organic sulfur compounds; 
phenolic compounds (including, but not limited to, a variety 
of Nipa HardWicke Inc. (Wilmington, Del.) liquid preserva 
tives registered under the trade names Nipastat®, Nipa 
guard®, Phenosept®, Phenonip®, Phenoxetol®, and 
Nipacide®); quaternary ammonium compounds; surfactants 
and other membrane-disrupting agents (including, but not 
limited to, undecylenic acid and its salts), combinations 
thereof, and the like. 

[0053] “Hydrophilic compound” refers to a monomer that 
attracts, dissolves in, or absorbs Water. The hydrophilic 
compounds for use according to the invention include, but 
are not limited to, one or more of the folloWing: carboxy 
vinyl monomer, a vinyl ester monomer, an ester of a carboxy 
vinyl monomer, a vinyl amide monomer, a hydroxy vinyl 
monomer, a cationic vinyl monomer containing an amine or 
a quaternary ammonium group. The monomers can be used 
to make the polymers or co-polymers including, but not 
limited to, polyethylene oxide (PEO), polyvinyl alcohol, 
polyacrylic acid, and polyvinyl pyrrolidone (PVP). 

[0054] The term “buffer” refers to one or more compo 
nents that are added to a composition in order to adjust or 
maintain the pH of the composition. 

[0055] The term “electrolyte” refers to a component of the 
ionically conductive medium that alloWs an electrical cur 
rent to How Within the medium. This component of the 
ionically conductive medium can be one or more salts or 
buffer components, but is not limited to these materials. For 
example, chloride salts (e.g., sodium chloride (NaCl) and 
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potassium chloride (KCl)) are salts that may be employed 
singly or together as electrolyte. 

[0056] The term “collection reservoir” is used to describe 
any suitable containment method or device for containing a 
sample extracted from a biological system. For example, the 
collection reservoir can be a receptacle comprising a mate 
rial that is ionically conductive (e.g., Water With ions 
therein), or alternatively it can be a material, such as a 
sponge-like material or hydrophilic polymer, used to keep 
the ionically conductive material in place. Such collection 
reservoirs can be in the form of a sponge, porous material, 
or hydrogel (for example, in the shape of a disk or pad). 
Other suitable collection reservoirs include, but are not 
limited to, tubes, vials, strips, capillary collection devices, 
cannulas, and miniaturized etched, ablated or molded ?oW 
paths. 

[0057] A “collection insert layer” is a layer of an assembly 
or laminate comprising one or more collection reservoir (or 
collection insert) located, for example, betWeen a mask layer 
and a retaining layer. Hydrogels are exemplary “collection 
inserts.” 

[0058] A “laminate” refers to structures comprised of, at 
least, tWo bonded layers. The layers may be bonded by 
Welding or through the use of adhesives. Examples of 
Welding include, but are not limited to, the folloWing: 
ultrasonic Welding, heat bonding, and inductively coupled 
localiZed heating folloWed by localiZed ?oW. Examples of 
common adhesives include, but are not limited to, chemical 
compounds such as, cyanoacrylate adhesives, and epoxies, 
as Well as adhesives having such physical attributes as, but 
not limited to, the folloWing: pressure sensitive adhesives, 
thermoset adhesives, contact adhesives, and heat sensitive 
adhesives. 

[0059] A “collection assembly” refers to structures com 
prised of several layers, Where the assembly includes at least 
one collection insert layer, for example a hydrogel or col 
lection reservoir. An example of a collection assembly as 
referred to in the present invention is a mask layer, collection 
insert layer, and a retaining layer Where the layers are held 
in appropriate functional relationship to each other but are 
not necessarily a laminate (i.e., the layers may not be bonded 
together. The layers may, for example, be held together by 
interlocking geometry or friction). 

[0060] The term “mask layer” refers to a component of a 
collection assembly that is substantially planar and typically 
contacts both the biological system and the collection insert 
layer. See, for example, U.S. Pat. Nos. 5,827,183, 5,735,273, 
6,141,573, 6,201,979, 6,370,410, and 6,529,755. 

[0061] The term “gel retaining layer” or “gel retainer” 
refers to a component of a collection assembly that is 
substantially planar and typically contacts both the collec 
tion insert layer and the electrode assembly. See, for 
example, U.S. Pat. Nos. 6,393,318, 6,341,232, and 6,438, 
414. 

[0062] The term “support tray” typically refers to a rigid, 
substantially planar platform and is used to support and/or 
align the electrode assembly and the collection assembly. 
The support tray provides one Way of placing the electrode 
assembly and the collection assembly into the sampling 
system. 
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[0063] An “AutoSensor assembly” refers to a structure 
generally comprising a collection assembly (e.g., a mask 
layer, collection insert layer, a gel retaining layer), an 
electrode assembly, and typically a support tray. The 
AutoSensor assembly may also include liners Where the 
layers are held in approximate, functional relationship to 
each other. Exemplary collection assemblies and AutoSen 
sor structures are described, for example, U.S. Pat. Nos. 
5,827,183, 5,735,273, 6,141,573, 6,201,979, 6,370,410, 
6,393,318, 6,341,232, 6,438,414, and 6,529,755. One such 
AutoSensor assembly is manufactured by Cygnus, lnc., 
RedWood City, Calif. These exemplary collection assem 
blies and AutoSensors may be modi?ed by use of the 
ionically conductive materials (e.g., hydrogels) of the 
present invention. The mask and retaining layers are pref 
erably composed of materials that are substantially imper 
meable to the analyte (chemical signal) to be detected; 
hoWever, the material can be permeable to other substances. 
By “substantially impermeable” is meant that the material 
reduces or eliminates chemical signal transport (e.g., by 
diffusion). The material can alloW for a loW level of chemi 
cal signal transport, With the proviso that chemical signal 
passing through the material does not cause signi?cant edge 
effects at the sensing electrode. 

[0064] The terms “about” or “approximately” When asso 
ciated With a numeric value refers to that numeric value plus 
or minus 10 units of measure (i.e. percent, grams, degrees or 
volts), preferably plus or minus 5 units of measure, more 
preferably plus or minus 2 units of measure, most preferably 
plus or minus 1 unit of measure. 

[0065] By the term “printed” is meant a substantially 
uniform deposition of a conductive polymer composite ?lm 
(e.g., an electrode ink formulation) onto one surface of a 
substrate (i.e., the base support). It Will be appreciated by 
those skilled in the art that a variety of techniques may be 
used to effect substantially uniform deposition of a material 
onto a substrate, e.g., Gravure-type printing, extrusion coat 
ing, screen coating, spraying, painting, electroplating, lami 
nating, or the like. 

[0066] The term “physiological effect” encompasses 
effects produced in the subject that achieve the intended 
purpose of a therapy. In preferred embodiments, a physi 
ological e?fect means that the symptoms of the subject being 
treated are prevented or alleviated. For example, a physi 
ological effect would be one that results in the prolongation 
of survival in a patient. 

[0067] “Decay” refers to a gradual reduction in the mag 
nitude of a quantity, for example, a current detected using a 
sensor electrode Where the current is correlated to the 
concentration of a particular analyte and Where the detected 
current gradually reduces but the concentration of the ana 
lyte does not. 

[0068] “Skip” or “skipped” signals refer to data that do not 
conform to predetermined criteria (for example, error-asso 
ciated criteria as described in Us. Pat. No. 6,233,471). A 
skipped reading, signal, or measurement value typically has 
been rejected (i.e., a “skip error” generated) as not being 
reliable or valid because it does not conform With data 
integrity checks, for example, Where a signal is subjected to 
a data screen Which invalidates incorrect signals based on a 
detected parameter indicative of a poor or incorrect signal. 
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1.1.0 GlucoWatch Biographer Monitoring Devices 

[0069] The terms “GlucoWatch biographer” and “Gluco 
Watch G2 biographer” refer to tWo exemplary devices in a 
line of GlucoWatch biographer monitoring devices devel 
oped and manufactured by Cygnus, lnc., RedWood City, 
Calif. 

[0070] GlucoWatch biographers analyte monitoring 
devices provide automatic, frequent, and noninvasive glu 
cose measurements. The ?rst-generation device, the Gluco 
Watch® (Cygnus, lnc., RedWood City, Calif.) biographer, 
provides up to 3 readings per hour for as long as 12 hours 
after a 3-hour Warm-up period and a single blood glucose 
(BG) measurement for calibration. The second-generation 
device, the GlucoWatch® G2TM (Cygnus lnc., RedWood 
City, Calif.) biographer, provides up to six readings per hour 
for as long as 13 hours after a single BG measurement for 
calibration. These devices utiliZe a reverse iontophoresis to 
extract glucose through the skin. The glucose is then 
detected by an amperometric biosensor. GlucoWatch biog 
rapher monitoring devices are small devices typically Worn 
on the forearm that contain sampling and detection circuitry, 
and a digital display. Clinical trials on subjects With Type 1 
and Type 2 diabetes have shoWn excellent correlation 
betWeen GlucoWatch biographer readings and serial ?nger 
stick BG measurements (see, e.g., Garg, S. K., et al., 
Diabetes Care 22, 1708 (1999); Tamada, J. A., et al., JAMA 
282, 1839 (1999)). HoWever, the ?rst-generation GlucoW 
atch biographer measurement period is limited to 12 hours, 
due to decay of the biosensor signal during use. The second 
generation device extends the measurement period to up to 
13 hours. 

[0071] GlucoWatch biographer monitoring devices have 
several advantages. Clearly their non-invasive and non 
obtrusive nature encourages more glucose testing among 
people With diabetes. Of greater clinical relevance is the 
frequent nature of the information provided. GlucoWatch 
biographer monitoring devices provide the more frequent 
monitoring desired by physicians in an automatic, non 
invasive, and user-friendly manner. The automatic nature of 
the systems also alloW monitoring to continue even While 
the patient is sleeping or otherWise unable to test. The 
GlucoWatch biographer and GlucoWatch G2 biographer are 
the only non-invasive, frequent and automatic glucose 
monitoring devices approved by the Us. Food and Drug 
Administration and commercially available. 

1.1.1 Device Description of GlucoWatch Biographer Moni 
toring Devices 

[0072] GlucoWatch biographer monitoring devices con 
tain the electronic components that supply iontophoretic 
current and controls current output and operating time. They 
also control the biosensor electronics, as Well as receive, 
process, display and store data. Data can also be uploaded 
from GlucoWatch biographer monitoring devices to a per 
sonal computer, a computer network, personal digital assis 
tant device, etc. They have bands to help secure them to sites 
on the forearm. 

[0073] The AutoSensor is a consumable part of the devices 
that provides up to 13 hours of continuous glucose mea 
surement (in the second-generation device). The AutoSensor 
is discarded after each Wear period. It ?ts into the back of a 
GlucoWatch biographer monitoring device and contains 
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electrodes for delivery of iontophoretic current, sensor elec 
trodes for sensing the glucose signal, and glucose-oxidase 
containing hydrogel pads for glucose collection and conver 
sion to hydrogen peroxide. There are tWo gel/electrode sets 
on each AutoSensor, denoted as A and B. 

[0074] lontophoresis utiliZes the passage of a constant 
loW-level electrical current betWeen tWo electrodes applied 
onto the surface of the skin. This technique has been used, 
for example, to deliver transderrnally ionic (charged) drugs 
(Sinh J ., et al., Electrical properties of skin, in “Electroni 
cally controlled drug delivery,” Bemer B, and Dinh S M, 
eds., Boca Raton, La.: CRC Press (1998), pp. 47-62.). On the 
other hand, electrolyte ions in the body can also act as the 
charge carriers and can lead to extraction of substances from 
the body outWard through the skin. This process is knoWn as 
“reverse iontophoresis” or iontophoretic extraction (Rao, G. 
et al., Pharrn. Res. 10, 1751 (2000)). Because skin has a net 
negative charge at physiological pH, positively charged 
sodium ions are the major current carriers across the skin. 
The migration of sodium ions toWard the iontophoretic 
cathode creates an electro-osmotic ?oW, Which carries neu 
tral molecules by convection. HoWever, only compounds 
With small molecular Weight pass through the skin, so that, 
for example, no proteins are extracted. Moreover, major 
interfering species (e.g., ascorbate and urate) are collected at 
anode. As a result of these unique charge and siZe exclusion 
properties of reverse iontophoresis, glucose is preferentially 
extracted at the cathode, and the obtained sample is very 
clean. This is in contrast to implantable glucose monitoring 
devices (Gross, T. M., Diabetes Technology and Therapeu 
tics 2, 49 (2000); Meyerholf, C., et al., Diabetologia, 35, 
1087 (1992); Bolinder, J., et al., Diabetes Care 20, 64 
(1997)) for Which ascorbate and urate (as Well as some 
proteins) are knoWn to produce an interfering signal. 

[0075] The feasibility of iontophoretic glucose extraction 
for glucose monitoring Was demonstrated in human subjects 
(Tamada, J. A., et al., Nat. Med. 1, 1198 (1995)). In 
feasibility studies With human subjects, glucose transport 
correlated Well With BG in a linear manner. HoWever, the 
sensitivity (i.e., the amount of glucose extracted) varied 
among individuals and skin sites (Tamada, J. A., et al., Nat. 
Med. 1, 1198 (1995)). A single-point calibration Was found 
to compensate for this variability. Reverse iontophoresis 
yields micromolar concentrations of glucose in the receiver 
solution, Which is about three orders of magnitude less than 
that found in blood. 

[0076] To accurately measure this small amount of glu 
cose, GlucoWatch biographer monitoring devices utiliZe an 
amperometric biosensor (Tierney, M. J ., et al., Clin. Chem. 
45, 1681 (1999)). The glucose oxidase (GOx) enZyme in 
hydrogel disks (Where glucose is collected via reverse 
iontophoresis) catalyZes the reaction of glucose With oxygen 
to produce gluconic acid and hydrogen peroxide, 

Glucose + O; %> Gluconic Acid + H202. 

[0077] Glucose exists in tWo forms: 0t— and [3-glucose, 
which differ only in the position of a hydroxyl group relative 
to the plane of the hexose. At equilibrium (also in blood and 
in interstitial ?uid), the tWo forms are in proportion of about 
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37% 0t and about 63% [3. As glucose enters the hydrogel, it 
diffuses throughout, and only the [3-form of glucose reacts 
With the glucose oxidase enzyme. As [3-form is depleted, the 
ot-form then converts (mutarotates) to the [3-form. The 
products of the glucose oxidase reaction (hydrogen peroxide 
and gluconic acid) also diffuse throughout the gel. Finally, 
hydrogen peroxide (H202) is detected at a platinum-con 
taining Working electrode in the sensor via the electro 
catalytic oxidation reaction, 

producing measurable electrical current, and regenerating 
O2. Thus, ideally, for every glucose molecule extracted, tWo 
electrons are transferred to the measurement circuit. Inte 
gration over time of the resulting electric current leads to the 
total charge liberated at the electrode, and the latter is 
correlated to the amount of glucose collected through the 
skin. 

[0078] The structure of the second-generation device is 
very similar to the ?rst-generation device; there are no 
differences in the AutoSensor. Extraction and detection are 
achieved using tWo hydrogel pads (A and B) placed against 
the skin. The side of each pad aWay from the skin is in 
contact With an electrode assembly containing tWo sets of 
iontophoretic and sensing elements. The tWo electrode sets 
complete the iontophoretic circuit. During operation, one 
iontophoretic electrode is cathodic and the other anodic, 
enabling the passage of current through the skin. As a 
consequence, glucose and other substances are collected in 
the hydrogel pads during the iontophoretic extraction period. 
The iontophoretic time interval is adjusted to minimize skin 
irritation and poWer requirements, yet extract suf?cient 
glucose for subsequent detection. It has been found that a 
useful time for extraction of glucose is about three minutes. 

[0079] On the side of each hydrogel pad, aWay from the 
skin and adjacent to the annular iontophoretic electrode, are 
the sensing electrodes. There are tWo sensing electrodes, 
noted as sensor A and B. These circular sensing electrodes 
are composed of a platinum composite, and are activated by 
applying a potential of 0.3-0.8 V (relative to a Ag/AgCl 
reference electrode). At these applied potentials, a current is 
then generated from the reaction of H202 (generated from 
extracted glucose) that has diffused to the platinum sensor 
electrode. 

1.1.2 Device Operation of GlucoWatch Biographer Moni 
toring Devices 

[0080] Each 20 minute glucose measurement cycle con 
sists of three minutes of extraction, and seven minutes of 
biosensor activation, folloWed by three minutes of extraction 
at the opposite iontophoresis current polarity, and seven 
additional minutes of biosensor activation. 

[0081] In the ?rst half-cycle, glucose is collected in the 
hydrogel at the iontophoretic cathode (Sensor B). As the 
glucose is collected, it reacts With the glucose oxidase in the 
hydrogel to produce hydrogen peroxide (H2O2). At the end 
of the three-minute collection period, the iontophoretic 
current is stopped, and the biosensors activated for seven 
minutes to measure the accumulated H202. This period is 
chosen so that the vast majority of the extracted glucose is 
converted to H202, and that the vast majority of this 
peroxide diffuses to the platinum electrode, and subse 
quently oxidiZes to generate a current. Because the under 
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lying physical and chemical processes (including, but not 
limited to, diffusion, glucose mutarotation, and electro 
catalytic oxidation reaction at the sensing electrodes) are 
rather sloW, not all of the extracted glucose and H202 is 
consumed during the seven-minute measurement cycle. 
HoWever, the integrated current (or charge) signal over this 
seven-minute interval is suf?ciently large and remains pro 
portional to the total amount of glucose that entered the 
hydrogel pad during the iontophoresis interval. In the pro 
cess of detection, majority of H202 is depleted. This cleans 
out the hydrogel to be ready for the next collection period. 
Moreover, before sensor B Will be collecting and measuring 
glucose again, it has to act as an iontophoretic anode ?rst. 
The extraction-sensing cycles have been designed so that 
there Will be no peroxide left in the hydrogel after this 
period. During the initial three-minute period, there is also 
extraction at the anode (sensor A), primarily of anionic 
species such as urate and ascorbate. These electrochemically 
active species are also purged from the anodic reservoir 
during the seven-minute biosensor period. 

[0082] In the second half-cycle of the measurement cycle, 
the iontophoretic polarity is reversed, so that glucose col 
lection at the cathode occurs in the second reservoir (sensor 
A), and the anionic species are collected in the ?rst reservoir 
(sensor B). The biosensor is again activated to measure 
glucose at the cathode (noW sensor A) and to purge elec 
trochemically active species for the anode (sensor B). The 
combined tWenty-minute process is repeated to obtain each 
subsequent glucose reading. 

[0083] The raW data for each half-cycle are collected for 
bothA and B sensors as 13 discrete current values measured 
as functions of time over the seven minutes (providing a 
measured signal response curve). When the sensor circuits 
are activated in the cathodic cycle, H2O2 (converted from 
glucose) reacts With the platinum electrode to produce a 
current, Which monotonically declines With time over the 
seven-minute detection cycle. A current signal of similar 
shape is also generated in the anodic cycle (curve With data 
points represented With diamonds). This signal is due, in 
large part, to ascorbic and uric acids. In both cases the 
current transients come doWn to a background of approxi 
mately 180 nA rather than Zero. The background current, 
termed the baseline background, does not vary much over 
time, indicating that it is likely the result of the sum of a 
number of loW concentration species. In order to extract the 
glucose-related signal only, the background is subtracted 
from the total current signal. Although the background, once 
subtracted, does not introduce a signi?cant bias to the 
glucose measurement, it does signi?cantly decrease the 
signal-to-noise ratio of the measurement in the hypoglyce 
mic region. This increased noise increases the potential error 
in the glucose measurement in the hypoglycemic range. It is 
therefore important to determine the background current as 
accurately as possible. In some cases there is not enough 
time in the seven-minute cathodic cycle to consume H2O2 
completely and the current at the end of this cycle is still 
decreasing. Therefore this measurement may not alWays 
provide the best estimation of the background. On the other 
hand, it Was found that the current stabiliZes earlier and more 
consistently in anodic cycles. Therefore, the baseline back 
ground is typically determined as the average of the last tWo 
current readings of the preceding anodic cycle. 
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[0084] After the background subtraction, the cathodic 
current signal is integrated to calculate the electrical charge 
(on the order of uC) liberated at the cathode, Which is 
proportional to the total amount of glucose extracted through 
the skin. Integration has the added value that it compensates 
for variations in gel thickness and temperature, as these 
variables a?fect only the rate, not the extent of reaction. The 
integrated signal at the cathodal sensor for each half cycle 
are averaged as (C A+CB)/2, a procedure that improves 
signal-to-noise ratio of the system. 

[0085] Finally, the averaged charge signal is converted 
into a glucose measurement based on a patient’s ?nger-stick 
calibration value (entered at the beginning of the monitoring 
period). From the calibration, a relationship betWeen charge 
signal detected by the sensor and blood glucose is deter 
mined. This relationship is then used to determine glucose 
values based on biosensor signal measurements. The latter is 
achieved by utiliZing a signal processing algorithm called 
Mixtures of Experts (MOE) (Kurnik, R. T., Sensors and 
Actuators B 60, 1 (1999); Us. Pat. Nos. 6,180,416, and 
6,326,160). The MOE algorithm incorporates: integrated 
charge signal, calibration glucose value, charge signal at 
calibration, and time since calibration (i.e., elapsed time). It 
calculates each glucose reading as a Weighted average of 
predictions obtained from three independent linear models 
(called Experts), Which depend on the four inputs and a set 
of 30 optimiZed parameters. Equations to perform this data 
conversion have been developed, optimiZed, and validated 
on a large data set consisting of GlucoWatch biographer and 
reference BG readings from clinical trials on diabetic sub 
jects. This data conversion algorithm is programmed into a 
dedicated microprocessor in the GlucoWatch biographer. 

[0086] The GlucoWatch G2 biographer reduces Warm-up 
time (from three to tWo hours), increases the number of 
readings per hour (up to six versus up to three), extends 
AutoSensor duration (use for 12 to 13 hours), and provides 
predictive loW-alert alarms. The increase in the number of 
readings provided by the GlucoWatch G2 biographer is the 
result of a modi?ed data processing algorithm that provides 
a series of moving average values based on the glucose 
related signals from sensors A and B. The GlucoWatch G2 
biographer uses the same AutoSensor as the ?rst-generation 
GlucoWatch biographer. 

[0087] The glucose readings provided by the GlucoWatch 
biographers lag the actual blood glucose by about 15-20 
minutes. This lag is derived not only from the inherent 
measurement lag resulting from the time-averaging of glu 
cose signals performed by the GlucoWatch biographers, but 
also from the physiological differences betWeen the concen 
tration of glucose in interstitial ?uid (Which is measured by 
the GlucoWatch biographers) and the instantaneous glucose 
concentration in blood (as typically measured via a ?nger 
prick). The measurement lag is 13.5 minutes. AGlucoWatch 
biographer glucose reading corresponds to the average glu 
cose concentration in interstitial ?uid during the tWo pre 
ceding 3-minute extraction periods (separated by the ?rst 
7-minute sensing period) and it is provided to the user after 
the second 7-minute sensing period, resulting in the 13.5 
minute measurement lag. The additional physiological lag is 
estimated as about 5 minutes. 

[0088] The GlucoWatch biographers perform a series of 
data integrity checks before computing each glucose value. 
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The checks, called screens, selectively prevent certain glu 
cose values from being reported to the user based on certain 
environmental, physiological, or technical conditions. The 
screens are based on four measurements taken during the 

course of Wear: current (electrochemical signal), ionto 
phoretic voltage, temperature, and skin surface conductance. 
Removed points are called skips. For example, if sWeat is 
detected by an increased skin surface conductance, the 
glucose reading is skipped because the sWeat could contain 
glucose, Which could interfere With the glucose extracted 
from the skin during the iontophoretic period. Other skips 
are based on noise detected in the signal. 

2.0.0 Modes of Carrying Out the Invention 

[0089] Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
particular types of compositions, or methods of making or 
using the same, as use of such particulars may be selected in 
vieW of the teachings of the present speci?cation. It is also 
to be understood that the terminology used herein is for the 
purpose of describing particular embodiments of the inven 
tion only, and is not intended to be limiting. 

[0090] Although a number of methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice of the present invention, the preferred materials and 
methods are described herein. 

2.1.0 General OvervieW of the Inventions 

[0091] The present invention relates to the detection of 
analytes and/or derivatives thereof (e. g., biologically impor 
tant molecules, such as glucose) that are collected across a 
membrane, a tissue surface (e.g., the stratum comeum), or 
mucosal membranes. The present invention provides com 
positions for transporting the analytes and/or derivatives 
thereof across such membranes. The present invention also 
includes the detection of such analytes (and/or derivatives 
thereof). In one aspect, the compositions of the present 
invention are employed in devices used to determine the in 
vivo amount or concentration of the analyte. 

[0092] In one aspect, the present invention provides 
hydrogel compositions. Such hydrogel compositions may, 
for example, be used in transdermal extraction of an analyte. 
An exemplary hydrogel composition of the present inven 
tion comprises a hydrophilic compound capable of forming 
a gel in the presence of Water, an electrolyte, a phosphate 
buffer present at a concentration of betWeen about 125 mM 
and about 500 mM, and a pH of betWeen about pH 6.5 to 
about pH 8.5. In a preferred embodiment of the present 
invention, the hydrogel composition does not include a 
humectant. 

[0093] The hydrogels of the present invention can be used 
in devices that employ transdermal extraction for the detec 
tion and/or quanti?cation of analyte in a subject. For 
example, the hydrogels of the present invention are typically 
placed in contact With an electrode. The electrode/hydrogel 
combination is placed on a membrane surface, for example, 
on the skin of a subject in Whom the analyte of interest is 
being monitored. In one embodiment, a current is generated 
such that the current results in the transport of the analyte 
and/or derivative thereof across the membrane and into the 
hydrogel, Wherein the amount of the analyte may be deter 
mined and the concentration in the subject calculated. In one 
embodiment the selected analyte is glucose. In this embodi 
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ment the glucose may be detected, for example, by the use 
of glucose oxidase catalyzed oxidation of glucose to glu 
conic acid and hydrogen peroxide. Hydrogen peroxide, upon 
contact With a sensing electrode, releases electrons thereby 
creating an electric current that can be detected and corre 
lated to the amount of glucose transported into the hydrogel. 

[0094] The present invention also includes methods of 
making or manufacturing the hydrogels described herein, as 
Well as components that comprise the hydrogels, for 
example, an electrode assembly, a collection assembly and/ 
or collection assembly/electrode assembly (e.g., an 
AutoSensor) for use in an analyte monitoring device. 

[0095] For example, in one aspect the present invention 
relates to collection assemblies/electrode assemblies com 
prising, a ?rst hydrogel having ?rst and second surfaces, the 
hydrogel comprising Water, a hydrophilic compound 
capable of forming a gel in the presence of Water, an 
electrolyte, a phosphate buffer present at a concentration of 
betWeen about 125 mM and about 500 mM, and a pH of 
betWeen about pH 6.5 to about pH 8.5, and a ?rst ionto 
phoretic electrode, Wherein the ?rst iontophoretic electrode 
is aligned to contact the second surface of the ?rst hydrogel. 
Electrode assemblies may further comprise a ?rst sensing 
electrode, Wherein the ?rst sensing electrode is aligned to 
contact the second surface of the ?rst hydrogel. In one 
embodiment, the sensing electrode comprises a reactive 
surface comprising a platinum group metal (e.g., platinum 
on graphite) and a polymer binder. Electrode assemblies 
may further comprise a second hydrogel having ?rst and 
second surfaces, and a second iontophoretic electrode, 
Wherein the second iontophoretic electrode is aligned to 
contact the second surface of the second hydrogel. The 
second hydrogel may comprise, for example, Water, a hydro 
philic compound capable of forming a gel in the presence of 
Water, an electrolyte, a phosphate buffer present at a con 
centration of betWeen about 125 mM and about 500 mM, 
and a pH of betWeen about pH 6.5 to about pH 8.5. Further, 
the electrode assembly may comprise a second sensing 
electrode, Wherein the second sensing electrode is aligned to 
contact the second surface of the second hydrogel. Collec 
tion assemblies/electrode assemblies may also comprise 
liners, for example, interposed betWeen the hydrogels and 
the electrodes and/or in contact With the ?rst surface of the 
hydrogels. 

[0096] In yet another aspect the present invention relates 
to collection assemblies/electrode assemblies comprising a 
?rst hydrogel having ?rst and second surfaces, the hydrogel 
comprising a hydrophilic compound capable of forming a 
gel in the presence of Water, an electrolyte, a phosphate 
buffer present at a concentration of betWeen about 125 mM 
and about 500 mM, and a pH of betWeen about pH 6.5 to 
about pH 8.5, and a ?rst sensing electrode, Wherein the ?rst 
sensing electrode (i) comprises a reactive surface (e.g., 
comprising a platinum-group metal), and (ii) the reactive 
face is aligned to contact the second surface of the ?rst 
hydrogel. Electrode assemblies may further comprise a ?rst 
iontophoretic electrode, Wherein the ?rst iontophoretic elec 
trode is aligned to contact the second surface of the ?rst 
hydrogel. Further, the electrode assemblies may include a 
second hydrogel having ?rst and second surfaces, and a 
second sensing electrode (i) comprises a reactive surface 
(e.g., comprising a platinum-group metal), and (ii) the 
reactive face is aligned to contact the second surface of the 
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second hydrogel, as Well as a second iontophoretic elec 
trode, Wherein the second iontophoretic electrode is aligned 
to contact the second surface of the second hydrogel. Col 
lection assemblies/electrode assemblies may also comprise 
liners, for example, interposed betWeen the hydrogels and 
the electrodes and/or in contact With the ?rst surface of the 
hydrogels. 
[0097] In another aspect, the present invention includes 
methods of making/manufacturing a collection assembly, for 
use in an analyte monitoring device (e.g., comprising an 
iontophoretic sampling device) useful to monitor a selected 
analyte or derivatives thereof present in a biological system. 
In one such method, ?rst and second collection inserts are 
provided Wherein each insert comprises a hydrogel having 
?rst and second surfaces, each hydrogel comprising a hydro 
philic compound capable of forming a gel in the presence of 
Water, an electrolyte, a phosphate buffer present at a con 
centration of betWeen about 125 mM and about 500 mM, 
and a pH of betWeen about pH 6.5 to about pH 8.5. A mask 
is provided Wherein the mask comprises (i) a material that is 
substantially impermeable to the selected analyte or deriva 
tives thereof, and (ii) inner and outer faces, Wherein the 
mask de?nes ?rst and second openings and a border. Further, 
a retaining layer is provided Wherein the retaining layer 
comprises inner and outer faces, and the retaining layer 
de?nes ?rst and second openings and a border. In the 
method, the inner face of the mask is positioned in facing 
relation With the ?rst surface of each collection insert, such 
that (i) the ?rst and second openings of the mask are, 
respectively, aligned With the ?rst and second collection 
inserts (ii) each opening of the mask exposes at least a 
portion of the ?rst surface of the collection insert With Which 
it is aligned, and (iii) the border extends beyond the ?rst 
surface of each of the collection inserts to provide an 
overhang. The inner face of the retaining layer is positioned 
in facing relation With the second surface of each collection 
insert, such that (i) the ?rst and second openings of the 
retaining layer are, respectively, aligned With the ?rst and 
second collection inserts, (ii) each opening of the retaining 
layer exposes at least a portion of the second surface of the 
collection insert With Which it is aligned, and (iii) the border 
extends beyond the ?rst surface of each of the collection 
inserts to provide an overhang. This method results in 
production of a collection assembly. In some embodiments 
the collection assembly is used to monitor glucose present in 
the biological system. In this case the hydrogels typically 
comprise glucose oxidase. 
[0098] In yet another aspect the present invention relates 
to a method of making/manufacturing a collection assembly/ 
electrode assembly (e.g., an AutoSensor) for use in an 
analyte monitoring device (e.g., comprising an iontophoretic 
sampling device) useful to monitor a selected analyte or 
derivatives thereof present in a biological system. In the 
method, ?rst and second collection inserts are provided 
Where each insert comprising a hydrogel having ?rst and 
second surfaces, each hydrogel comprising a hydrophilic 
compound capable of forming a gel in the presence of Water, 
an electrolyte, a phosphate buffer present at a concentration 
of betWeen about 125 mM and about 500 mM, and a pH of 
betWeen about pH 6.5 to about pH 8.5. A mask is provided 
that is (i) a substantially planar material that is substantially 
impermeable to the selected analyte or derivatives thereof, 
and (ii) inner and outer faces, Wherein the mask de?nes ?rst 
and second openings and a border. A retaining layer is also 
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provided, Where the retaining layer comprises inner and 
outer faces. The retaining layer also de?nes ?rst and second 
openings and a border. First and second electrode assemblies 
are also provided, each electrode assembly comprising (i) 
?rst and second surfaces, and (ii) the ?rst surface comprising 
an electrode. A support tray is also provided. The inner face 
of the mask is positioned in facing relation With the ?rst 
surface of each collection insert, such that (i) the ?rst and 
second openings of the mask are, respectively, aligned With 
the ?rst and second collection inserts, (ii) each opening of 
the mask exposes at least a portion of the ?rst surface of the 
collection insert With Which it is aligned, and (iii) the border 
extends beyond the ?rst surface of each of the collection 
inserts to provide an overhang. The inner face of the 
retaining layer is positioned in facing relation With the 
second surface of each collection insert, such that (i) the ?rst 
and second openings of the retaining layer are, respectively, 
aligned With the ?rst and second collection inserts, (ii) each 
opening of the retaining layer exposes at least a portion of 
the second surface of the collection insert With Which it is 
aligned, and (iii) the border extends beyond the ?rst surface 
of each of the collection inserts to provide an overhang. The 
?rst and second electrode assemblies are positioned relative 
to the outer face of the retaining layer such that a ?rst surface 
of the electrode of the ?rst electrode assembly is aligned 
With the ?rst opening in the retaining layer, and a ?rst 
surface of the electrode of the second electrode assembly is 
aligned With the second opening in the retaining layer. The 
support tray is positioned such that it contacts the second 
surface of each electrode assembly. This method results in 
production of a collection assembly/electrode assembly. In 
some embodiments the collection assembly/electrode 
assembly is used to monitor glucose present in the biological 
system. In this case the hydrogels typically comprise glu 
cose oxidase. 

[0099] In another aspect, the present invention relates to a 
collection reservoir system for providing containment of a 
sample comprising an extracted analyte. The collection 
reservoir system may, for example, comprise one or more 
collection reservoirs, Wherein at least one collection reser 
voir comprises an ionically conductive material comprising 
an electrolyte, a phosphate buffer present at a concentration 
of betWeen about 125 mM and about 500 mM, and a pH of 
betWeen about pH 6.5 to about pH 8.5. The phosphate buffer 
may be present, for example, at a concentration of about 200 
mM or 300 mM. The collection reservoir system may 
comprise further components as described herein (e.g., 
hydrophilic polymer). In one embodiment, each collection 
reservoir is in contact With an iontophoretic electrode for 
extraction of the target analyte. In another embodiment, each 
collection reservoir is in contact With a sensing electrode for 
detection of analyte amount or concentration. Further, each 
collection reservoir may be in contact With both an ionto 
phoretic electrode and a sensing electrode. 

[0100] The collection reservoir systems comprising ioni 
cally conductive materials of the present invention can be 
used in devices, for example, that employ transdermal 
extraction for the detection and/or quanti?cation of analyte 
in a subject. The present invention also includes methods of 
making or manufacturing the collection reservoir systems 
described herein, as Well as components Which comprise the 
collection reservoir systems, for example, collection reser 
voirs associated With electrode assemblies. For example, in 
one aspect, the present invention includes methods of mak 
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ing/manufacturing collection reservoir systems comprising 
ionically conductive materials of the present invention for 
use in an iontophoretic sampling device useful to monitor a 
selected analyte or derivatives thereof present in a biological 
system. In the method, one or more collection reservoirs is 
provided and to at least one collection reservoir is added an 
appropriate volume of an ionically conductive material, 
comprising, electrolyte, and phosphate buffer present at a 
concentration of betWeen about 125 mM and about 500 mM, 
With a pH of betWeen about pH 6.5 to about pH 8.5. 

[0101] In yet another aspect of the invention, a method of 
increasing transdermal ?ux of an analyte is described. In the 
method, the analyte is extracted across a tissue surface using 
an iontophoretic sampling device, Wherein the sampling 
device comprises a hydrogel composition or collection res 
ervoir system comprising ionically conductive material as 
described herein. The increase in transdermal ?ux is evalu 
ated relative to extracting the analyte using the iontophoretic 
sampling device Wherein the hydrogel composition instead 
comprises a hydrophilic compound capable of forming a gel 
in the presence of Water, an electrolyte, a phosphate buffer 
present at a concentration of equal to or less than 100 mM, 
and a pH of about pH 7 to about pH 8. In one embodiment 
the tissue surface is the stratum comeum of skin tissue. In 
another embodiment the tissue surface is a mucosal surface. 
In one embodiment the analyte is glucose. 

[0102] Yet another aspect of the invention includes a 
method of determining the concentration of an analyte in a 
mammalian subject using a monitoring system comprising 
an iontophoretic sampling device. In the method, a ?rst 
surface of a hydrogel or collection reservoir system 
described herein is contacted With a tissue surface of the 
mammalian subject, Wherein (i) a second surface of the 
hydrogel is in contact With a ?rst iontophoretic electrode and 
a ?rst sensing electrode, and (ii) the monitoring system 
comprises an electrode assembly, the electrode assembly 
comprising the ?rst iontophoretic electrode, the ?rst sensing 
electrode, and a second iontophoretic electrode. A current is 
provided to the ?rst and second iontophoretic electrodes in 
an amount suf?cient to effect the extraction of the analyte 
through the mammalian subject’s skin, into the hydrogel and 
to the catalytic surface of the ?rst sensing electrode. A 
potential is provided to the ?rst sensing electrode in an 
amount suf?cient to drive electrochemical detection of the 
analyte or an analyte-related chemical signal. Electrical 
current, generated by the electrochemical detection at the 
electrode, is measured. The measured current is then corre 
lated to a concentration or amount of analyte in the mam 
malian subject. In one embodiment the analyte is glucose. 

[0103] The tissue surface may, for example, be the stratum 
corneum of skin tissue or a mucosal surface. When the 
analyte is glucose, the hydrogel or collection reservoir 
system typically comprises glucose oxidase and the analyte 
related chemical signal is hydrogen peroxide. 

[0104] The chemical characteristics of the hydrogel com 
positions and collection reservoir systems comprising ioni 
cally conductive materials of the present invention typically 
are such that non-speci?c, unintentional degradation or 
deterioration of the analyte being measured (or a chemical 
signal related to the amount or concentration of analyte) 
does not signi?cantly a?fect accurate measurement of ana 
lyte amount or concentration in a sample. 
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2.2.0 Components of the Compositions of the Present Inven 
tion 

2.2.1 Hydrophilic Polymers 

[0105] The hydrogel compositions of the present inven 
tion are produced using a hydrophilic compound capable of 
forming a gel in the presence of Water. The hydrophilic 
compound can be polymers and/ or co-polymers, Wherein the 
polymers and/or co-polymers may additionally be cross 
linked. Collection reservoir assemblies of the present inven 
tion may also comprise the ionically conductive materials 
described herein. 

[0106] The polymer may comprise, for example, repeating 
units derived from a carboxy vinyl monomer, a vinyl ester 
monomer, an ester of a carboxy vinyl monomer, a vinyl 
amide monomer, a hydroxy vinyl monomer, a cationic vinyl 
monomer containing an amine or a quaternary ammonium 
group. The monomers can be used to make the polymers or 
co-polymers by methods knoWn in the art. Exemplary 
hydrophilic polymers useful in the practice of the present 
invention include, but are not limited to, polyethylene oxide 
(PEO), polyvinyl alcohol, polyacrylic acid, polyvinyl pyr 
rolidone (PVP), or co-polymers of one or more polymers. 

[0107] The polymers useful in the present invention typi 
cally have molecular Weights of about 200 kD to about 
1,500,000 kD (e.g., one such polymer is PEO Mr 600,000). 
The hydrophilic polymer may be present at a concentration 
of betWeen about 0.5% to about 40%, preferably about 1% 
to about 35%, more preferably about 2% to about 20% of the 
total Weight of the hydrogel. In a preferred embodiment the 
hydrophilic compound comprises polyethylene oxide (e.g., 
at about 8% to about 12% of the total Weight of the hydrogel 
for PEO Mr 600,000). In one embodiment the hydrophilic 
compound consists essentially of polyethylene oxide (e.g., 
betWeen about 9% to about 11% of the total Weight of the 
hydrogel for PEO Mr 600,000). 

[0108] In another aspect, the polymers for use in the 
hydrogels of the invention are cross-linked. The polymers 
can be cross-linked by the use of irradiation, by chemical 
means, or by mechanical means. Typically, the present 
hydrogels are obtained by exposing an aqueous mixture of 
the polymer, such as PEO, to a dose of radiant energy 
effective to cross-link the polymer, as described in Us. Pat. 
No. 4,699,146. The source of the radiant energy suitable for 
cross-linking includes, but is not limited to, X-ray, gamma 
and beta rays, electron beam radiation, accelerated high 
energy electrons, ultraviolet, infrared, and the like. 

[0109] Cross-linking of the hydrophilic polymer (With or 
Without addition of speci?c cross-linking agents) is typically 
carried out to provide a hydrophilic compound having a 
sWell ratio (Wet) of about 4.0 to about 9.0, preferably of 
about 4.5 to about 8.5. The sWell ratio (Wet) is determined 
essentially as folloWs. The hydrogel is Weighed and placed 
in Water for a period of time suf?cient to alloW saturation of 
the polymer matrix by Water. The saturated hydrogel is then 
Weighed. The sWell ratio (Wet) is equal to the Weight of the 
saturated hydrogel divided by the Weight of the original 
hydrogel. 

[0110] Cross-linking agents that are used to facilitate 
cross-linking When used in combination With radiation are 
disclosed Within U.S. Pat. Nos. 4,684,558 and 4,989,607. 
Useful cross-linking agents for use With ultra violet radiation 
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include N,N'-methylenebisacrylamide, polypropylene gly 
col monomethacrylate, polypropylene glycol monoacrylate, 
polyethylene glycol (600) dimethacrylate, triallylisocyanu 
rate (TAIC), diallylisocyanurate (DAIC), polyethylene gly 
col (400) diacrylate, SR 415 ethoxylated trimethylolpropane 
triacrylate, SR 9035 ethoxylated trimetholpropane triacry 
late. In addition, a photoinitiator maybe used, such as, for 
example, Esacure® (Lamberti s.p.a., Gallarate (VA), Italy) 
KBl benZyldimethyl ketal, Esacure® TZT trimethylben 
Zophenone blend, Esacure® ITX isopropylthioxanthone, 
Esacureg EDB ethyl-4-(dimethylamino) benZoate, and BP 
benZophenone. Gamma radiation and e-beam radiation 
cross-linking agents useful in the invention include, but are 
not limited to, ethylene glycol methacrylate, triethylenegly 
col methacrylate, trimethylolpropane trimethacrylate (Sar 
tomer® 350, Sartomer Company, Exton Pa., USA), and 
N,N'-methylenebisacrylamide. Thermal and chemical cross 
linking agents useful in the invention include, but are not 
limited to, ethylene glycol methacrylate, triethylene glycol 
methacrylate, trimethylolpropane trimethacrylate (Sar 
tomer® 350), N,N'-methylenebisacrylamide, and glutaral 
dehyde. Typical gelatin, polyvinyl acetate, certain polyesters 
and calcium salts are used as chemical cross-linking agents. 
In addition, useful free radical initiators of cross-linking 
include, but are not limited to, aZobisisobutyronitrile 
(AIBN), and peroxides, such as benZoyl peroxide. 

[0111] Typically, cross-linking agents may be present in a 
hydrogel formulation from 0% to about 2% of the total 
Weight of the hydrogel, preferably betWeen about 0.001% to 
about 2%, more preferably 0.002% to about 1% of the total 
Weight of the hydrogel. One preferred cross-linking agent is 
N,N'-methylenebisacrylamide. 

2.2.2 Bulfer Systems 

[0112] The term bulfer is used herein to refer to the 
components of the hydrogels or ionically conductive mate 
rials described herein used to maintain the pH Within a 
de?ned range (typically about pH 6.5 to about pH 8.5, 
preferably betWeen about pH 7 to about pH 8). The bulfer 
includes a Weak acid and its conjugate Weak base Whose pH 
changes only slightly on the addition of acid or alkaline 
substances. The Weak acid becomes a bulfer When alkali is 
added and the Weak base becomes a bulfer on addition of 
acid. This buffering action can be summariZed by the 
folloWing reaction: 

[0113] Wherein n is a positive integer and B'is a Weak base 
and A is a Weak acid. The base B is formed by the loss of a 
proton from the corresponding acid A. The acid may also 
contain cations such as NH4+, a neutral molecule such as 
CH3COOH, or an anion such as a monobasic phosphate 
anion. When alkali is added, hydrogen ions are removed to 
form Water, but, as long as the added alkali is not in excess 
of the bulfer acid, many of the hydrogen ions are replaced by 
further ioniZation of A to maintain the equilibrium. When 
acid is added, this reaction is reversed as hydrogen ions 
combine With the base B to form the acid A. A variety of 
different bulfers can be used in connection With the present 
invention (in a preferred embodiment the buffer is a phos 
phate bulfer) present in amounts suf?cient to maintain the 
pH ofthe hydrogel in a range of about pH 6 to about pH 8.5, 
more preferably about pH 7 to about pH 8. Further, phos 
phate buffer concentration in the hydrogels or ionically 



US 2006/0105420 A1 

conductive materials used in the collection reservoir assem 
blies of the present invention is typically betWeen about 125 
mM to about 500 mM, preferably betWeen about 150 mM to 
about 300 mM. The phosphate buffer present in the hydro 
gels may comprise monobasic and dibasic phosphate. The 
monobasic and dibasic phosphate each typically comprise 
phosphate and counter ions. The counter ions are, for 
example, sodium counter ions, potassium counter ions, or a 
mixture thereof. Typical phosphate buffer systems include, 
but are not limited to, NaH2PO4/Na2HPO4, KH2PO4/ 
K2HPO4, and mixtures thereof. 

[0114] A buffer component of the present invention may 
function as a buffer as Well as an electrolyte, Without the 

addition of an additional electrolyte. An electrolyte is typi 
cally added to the hydrogel mixture or ionically conductive 
materials for use in a collection reservoir system such that 
the ionic strength of the gel or ionically conductive material 
is suf?cient to produce acceptable electrical conductive 
properties. When an enzyme is used, e.g., glucose oxidase, 
the buffer maintains the pH Within a range such that the 
enzyme remains relatively stable and optimally active. Typi 
cally, the pH range is maintained near neutral to help avoid 
skin irritation in that the hydrogels or ionically conductive 
materials for use in collection reservoir systems of present 
invention are held in contact With the skin surface. Further, 
by stabilizing the pH the ?ux of analyte across skin surface 
(tissue surface, muscosal membrane surface, etc.) into the 
hydrogel or collection reservoir assembly, comprising ioni 
cally conductive materials, Will not be erratic over time. 

2.2.3 Electrolytes 

[0115] The hydrogels or collection reservoir systems, 
comprising ionically conductive materials, of the present 
invention typically have electrolytes in amounts suf?cient to 
produce acceptable electrical conductive properties. The 
electrolytes can be, for example, ionizable inorganic salts, 
organic compounds, or combinations of both. Typical elec 
trolytes include, but are not limited to, ammonium sulfate, 
monoethanolamine acetate, diethanolamine acetate, sodium 
lactate, sodium citrate, sodium chloride, magnesium sulfate, 
calcium sulfate, ammonium acetate, magnesium chloride, 
magnesium acetate, potassium lactate, potassium citrate, 
potassium chloride, or combinations thereof. Exemplary 
chloride salts include, but are not limited to, sodium chlo 
ride, potassium chloride, or a mixture thereof. The preferred 
electrolytes are chloride salts, e.g., potassium chloride, 
sodium chloride, or mixtures thereof, With sodium chloride 
being most preferred for particular embodiments as 
described herein. The electrolyte may be present in any 
amount, for example, at a concentration of about 0.1% to 
about 15% of the total Weight of the hydrogel. A preferred 
range for chloride salt concentration is, for example, about 
0.25% to about 2% of the total Weight of the hydrogel. 
Typically the concentration of sodium chloride in the hydro 
gel is about 0.9%, i.e., comparable to chloride concentration 
typically present in biological ?uids. Further, in collection 
reservoir systems, comprising ionically conductive materi 
als of the present invention, the electrolyte may be present 
in any amount, preferable at a concentration of about 0.1% 
to about 15% of the total Weight of the ionically conductive 
materials used in each reservoir. 
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[0116] When potassium phosphate salts are being used for 
the buffer and the buffer concentration is equal to or above 
about 200 mM, sodium chloride is typically used as the 
electrolyte. 

2.2.4 Enzymes 

[0117] The hydrogels or collection reservoir systems, 
comprising ionically conductive materials, of the present 
invention may contain an enzyme that is capable of cata 
lyzing a reaction useful in the detection of the analyte of 
interest. The choice of the enzyme depends on the analyte to 
be detected and the detection system used. The concentra 
tion of the enzyme present in the hydrogel or collection 
reservoir system is related to the amount of analyte that is 
being detected. Some exemplary analytes and enzyme sys 
tems are described beloW (see, Section 4.0, Exemplary 
Analytes and Enzymes). 

[0118] One exemplary analyte is glucose. When glucose is 
chosen as the molecule to be detected, an exemplary suitable 
enzyme for use in the present hydrogel or collection reser 
voir system, comprising ionically conductive materials, is 
glucose oxidase (GOx) Which oxidizes glucose to gluconic 
acid and hydrogen peroxide. The subsequent detection of 
hydrogen peroxide on an appropriate electrode generates 
tWo electrons per hydrogen peroxide molecule that create a 
current Which can be detected and correlated to the amount 
of glucose entering the hydrogel or collection reservoir 
comprising ionically conductive materials. This amount can 
be ultimately correlated to the amount of glucose present in 
the subject being monitored. 

[0119] The glucose oxidase is typically present in an 
amount of from about 10 units to about 20,000 units or more 
per gram of the hydrogel or per gram of ionically conductive 
material present in a reservoir of a collection reservoir 
system, preferably betWeen about 100 units to 5,000 units 
per gram. Glucose oxidase activity can be assayed, for 
example, essentially as described by Bergmeyer, H. U. in 
Methods in Enzymatic Analysis, 3 rd Edition (1983), Vol 11, 
p. 201-203. Typically about 2000 units of glucose oxidase is 
added per gram of hydrogel component mixture (i.e., 
approximately 0.5% W/W poWder in mix). As Will be appar 
ent to one of skill in the art, in some applications, it is 
desirable to include excess amounts of enzyme in order to 
ensure that all the glucose is readily broken doWn into 
gluconic acid and hydrogen peroxide. 

[0120] In one embodiment, the hydrogel comprises an 
enzyme composition comprising glucose oxidase, Wherein 
the glucose oxidase present in an amount of from about 10 
units to about 5,000 units per gram of the total Weight of the 
hydrogel. As described above, the glucose oxidase can be 
used to catalyze a reaction betWeen glucose and oxygen 
resulting in the generation of hydrogen peroxide. Accord 
ingly, When hydrogen peroxide detection is employed the 
hydrogen peroxide degradative components of the compo 
nents (e.g., enzyme(s)) of the compositions of the present 
invention are reduced such that quantitation of hydrogen 
peroxide produced by the glucose oxidase reaction is not 
compromised. 

[0121] The glucose oxidase enzyme may be obtained from 
natural sources or prepared recombinantly. When used for 
detection of glucose, the glucose oxidase can catalyze a 
reaction, for example, betWeen glucose and oxygen resulting 
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in the generation of hydrogen peroxide. Accordingly, hydro 
gen peroxide degradative components of the enzyme com 
position are preferably reduced such that quantitation of 
hydrogen peroxide produced by the glucose oxidase reaction 
is not compromised. Methods of preparing suitable glucose 
oxidase compositions are knoWn in the art (see, e.g., KalisZ, 
H. M., et al., J. Chromatography 521 :245-250, 1990; Wel?e, 
K., et al., Studia Biophysica 138:245-260, 1990). The glu 
cose oxidase enZyme can be commercially obtained from 
BioZyme (San Diego, Calif.), GenZyme (Cambridge, Mass.), 
Genencor (Rochester, N.Y.), CalZyme (San Luis Obispo, 
Calif.), Toyobo (Osaka, Japan) or any other commercial 
source. 

[0122] Purity of enZyme compositions, for example, glu 
cose oxidase, is important for keeping electrochemical back 
ground loW (e.g, under 100 nanoamperes (nA)). 

[0123] HoWever, other enZymes could also be used pro 
vided they catalyZe a reaction With an analyte of interest 
resulting in the generation of a detectable product in pro 
portion to the amount of the molecule (e.g., see Section 4.0, 
Exemplary Analytes and Enzymes). The enZyme is typically 
present in an amount such that the rate limiting step in 
detection of the analyte is the rate at Which analyte is 
transported into the hydrogel. 

2.2.5 Humectants 

[0124] In some embodiments the hydrogel compositions 
or collection reservoir systems, comprising ionically con 
ductive materials, of the present invention may also com 
prise a humectant. For example, in the hydrogels of the 
present invention a humectant may be included from about 
5 to 40 Weight percent, preferably about 15 to about 25 
Weight percent humectant, for example, hexylene glycol and 
glycerol. The humectant is useful in sloWing doWn the 
overall drying of the hydrogel. Other useful humectants 
include, but are not limited to, propylene glycol, sorbitol, 
poly(ethylene)glycol preferably having a molecular Weight 
in the range of about 200 to 20,000, or polypropylene glycol 
preferably having a molecular Weight in the range of about 
500 to 5,000. Other humectants Will be Well-knoWn to one 
skilled in the hydrogel art. 

[0125] Examples of humectants that can be used in the 
invention include but are not limited to glycerol, propylene 
glycol, hexylene glycol, poly-(ethylene glycol), N-meth 
ylpyrrolidone, N-ethyl pyrrolidone, diacetone alcohol, y-bu 
tyryl lactone, ethyl lactate, loW molecular Weight polyeth 
ylene glycol, or combinations thereof. Other humectants 
Which may be employed include mono and di-saccharides 
such as glucose glutamate, and the like; castor oil and its 
derivatives, related stearates, oleates, and salts thereof; mix 
tures of saccharides and sugars; vegetable oil extracts such 
as monoethanolamine and amide derivatives from esters, 
triglycerides, as Well as fatty acids of vegetable oils. Other 
oily, high molecular Weight, high vapor pressure liquids 
Which are biocompatible and Which can be solubiliZed or 
dispersed in Water also may be used as humectants. Prefer 
ably, the humectant used in the present invention is biocom 
patible. 
2.2.6 Biocides 

[0126] The hydrogels or collection reservoir systems, 
comprising ionically conductive materials, of the present 
invention may also comprise a biocide. Biocide is a sub 

May 18, 2006 

stance that kills or inhibits the groWth of microorganisms 
such as bacteria, viruses, molds, slimes, fungi, etc. Abiocide 
may be a material Which is also toxic to humans but is 
preferably a material Which, When used in relatively loW 
concentrations in a hydrogel or collection reservoir system 
does not cause skin irritation or any adverse effects on a 

human patient. Biocide chemicals include compounds such 
as chlorinated hydrocarbons, organometallics, hydrogen 
releasing compounds, metallic salts, organic sulfur com 
pounds, quaternary ammonium compounds, phenolics, 
methyl parabens and the like. For example, if a biocide 
compound is used in connection With the present invention 
the amount is less than 0.5%-5% by Weight or less based on 
the Weight of the hydrogel material. 

[0127] Preferred biocides include, but are not limited to, 
the folloWing: chlorinated hydrocarbons; organometallics; 
metallic salts; organic sulfur compounds; phenolic com 
pounds (including, but not limited to, a variety of Nipa 
HardWicke Inc. liquid preservatives registered under the 
trade names Nipastat®, Nipaguard®, Phenosept®, Phe 
nonip®, Phenoxetol®, and Nipacide®); quaternary ammo 
nium compounds; surfactants and other membrane-disrupt 
ing agents (including, but not limited to, undecylenic acid 
and its salts), combinations thereof, and the like. 

[0128] One biocide used in the practice of the present 
invention is undecylenic acid. Undecylenic acid (10-unde 
cenoic acid, or UA) is an unsaturated fatty acid. Both the 
acid form (“undecylenic acid”) and the salt forms (“unde 
cylenates”) have biocidic activity, and may be used in 
combination With one another (or With other biocides). The 
biocide is commonly referred to herein as “undecylenic 
acid” Without differentiation betWeen the acid and salt 
forms. The salt forms may include but are not limited to the 
sodium, calcium and Zinc salts. In addition, other esters of 
undecylenate, including but not limited to the methyl, ethyl, 
propyl, isopropyl, glyceryl, benZyl, allyl and epoxypropyl 
esters, are effective as biocides. When used as a biocide in 

the hydrogels of the present invention, the undecylenate 
biocide (acid, salt or mixture thereof) is present in the 
hydrogel at a concentration high enough to be effective as a 
biocide, for example betWeen about 0.001 Wt % and about 
10 Wt %, preferably betWeen about 0.01 Wt % and about 5 
Wt %, more preferably betWeen about 0.1 Wt % and about 2 
Wt %. In this embodiment the concentration of undecylenic 
acid is typically in the range of about 0.05% to 0.5% W/W of 
the total hydrogel Weight, for example, about 0.2% W/W. 

2.2.7 Structural Supports 

[0129] The hydrogels of the invention can additionally 
include a layer of material of ?bers or a non-Woven fabric 
that is embedded Within the hydrogel. The non-Woven 
material aids in improving the structural integrity of the 
device. The material layer can be designed so that it provides 
a high degree of structural integrity to the hydrogel Without 
adversely effecting the How of current through the gel. The 
hydrogels may further include a structural support Which is 
embedded in the gel, Which support includes, but is not 
limited to, a Woven fabric, a non-Woven fabric, dispersed 
?bers, or a membrane. In addition it is possible to include a 
membrane Which aids in ?ltering out undesirable materials 
Which are draWn into the hydrogel. This structural support is 
embedded in the gel and preferably has a siZe and con?gu 
ration Which matches that of the hydrogel patch. A variety of 
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different materials can be used to provide the structural 
support. Useful non-Woven fabrics include those sold as 
Reemay 2200, 2000 and 2400 series (Remay Inc., TN). The 
layer may be spun bonded polyester Which may be straight 
or crimped ?bers. It is possible to use super absorbent ?bers 
or fabrics. Commercially available materials include Du 
Pont SontaraTM (E.I. du Pont de Nemours and Company, 
Wilmington, Del.) (polyester blend fabrics), DelnetTM (Del 
Star Technologies, DE) fabric, and Reemay series (Remay 
Inc., TN). Preferred structural supports include Reemay 
series fabrics and Delnet fabrics. Open-cell and closed-cell 
materials can be used. 

2.2.8 Exemplary Hydrogel Formulations 

[0130] Some exemplary hydrogel formulations are set 
forth in Example 1. Typically, the hydrogels are comprised 
of a hydrophilic compound that forms a material that holds 
Water in place and alloWs the How of electrical current. The 
compound may be an absorbent material, porous material or 
polymers that may be cross-linked to form a porous netWork 
of interconnected cells or a solute Which forms a gel With 
Water. The solute or solid material component of the gel is 
generally present in an amount of about 0.5% or more and 
preferably less than 40% by Weight based on the total Weight 
of the hydrogel. The Water, and the hydrogel as a Whole, is 
made electrically conductive by the inclusion of an electro 
lyte such as NaCl and/or KCl. The hydrogel may also 
comprise an enzyme, Which catalyzes a reaction such as a 
reaction With glucose allowing for the formation of hydro 
gen peroxide in Water and ultimately generating the release 
of tWo electrons per molecule of glucose. Glucose draWn 
into the hydrogel is oxidized to gluconic acid and hydrogen 
peroxide With the aid of the GOx, resulting in electrons 
being released that can be detected and related to the amount 
of glucose entering the hydrogel. 

[0131] The hydrogel is also preferably comprised of a 
bulfer that maintains the pH of the hydrogel in the range of 
from about 3 to 9, and may be further comprised of a 
cross-linking agent, a biocide, and a humectant. In one 
embodiment of the present invention, When higher phos 
phate bulfer concentrations are used (e.g., betWeen about 
125 mM and 500 mM), for example, to increase analyte ?ux 
and/or to increase the mutarotation rate of the analyte, 
potassium salts of phosphate bulfers are preferred in hydro 
gel formulations. Higher phosphate concentration, for 
example, in hydrogels comprising PEO is typically not 
possible using only sodium phosphate salts due to their 
insolubility at loWer temperatures and high concentrations. 
Potassium phosphate salts are more soluble in solution at a 
given temperature and concentration than the corresponding 
sodium salts. Experiments performed in support of the 
invention demonstrated that the replacement or combination 
of sodium phosphate salts With potassium phosphate salts 
alloWs the phosphate concentration to be increased While 
maintaining the stability of the salts in the solution phase of 
a hydrogel. 

[0132] The hydrogel is typically in the form of a thin, ?at 
disc Which Will conform to the contours of human skin and 
may have a non-Woven fabric or porous membrane (for 
example, DelnetTM fabric) embedded therein. The concen 
tration of the bulfer and the pH is chosen such that, for 
example, the observed analyte-related current is maximized 
Within a measurement cycle. 
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[0133] In one aspect of the present invention, the hydro 
gels comprise: a phosphate bulfer at a concentration of 
betWeen about 125 mM and about 500 mM, preferably 
betWeen about 150 mM and 300 mM; a pH of betWeen about 
pH 6.5 to about pH 8.5, preferably betWeen about pH 7 to 
about pH 8; an electrolyte at a concentration of betWeen 
about 0.1% to about 10% of the total hydrogel Weight (for 
example, a concentration of chloride ion of 17 mM to 1.7 
M); a hydrophilic polymer at betWeen about 0.5% to about 
40%, preferably about 1% to about 35%, more preferably 
about 2% to about 20% of the total Weight of the hydrogel; 
a cross-linking agent betWeen about 0% to about 2% of the 
total Weight of the hydrogel, one or more enzymes; and 
betWeen about 45% to about 90% Water. Other components 
may include, but are not limited to, Wetting agents (e.g., 
hexylene glycol), humectants, biocides, and structural sup 
ports. Water makes up the Weight percent of the hydrogel to 
100% after addition of all other components. Further, hydro 
gels of the present invention may be cross-linked using, for 
example, electron beam radiation or UV radiation. 

[0134] For formation of hydrogels, the minimum concen 
tration of hydrophilic polymer is typically dependent on the 
molecular Weight range (Mr) of the polymer(s) being used. 
A minimum concentration is one generally suf?cient to 
provide structural integrity to the hydrogel. The minimum 
concentration of hydrophilic polymer can be very loW When 
the composition of the present invention is being used as an 
ionically conductive material to ?ll a collection reservior, 
that is, in the situation Where it is not necessary for the 
material to maintain its oWn shape. 

[0135] The hydrogels of the present invention are typi 
cally, substantially planar and have a thickness in a range of 
about 1 mil to about 60 mils, preferably about 1 mil to about 
25 mils, more preferably about 5 mils to about 10 mils. In 
a preferred embodiment, the hydrogels have ?rst and second 
surface areas, and each surface area is in a range of about 0.5 
cm2 to about 10 cm2, more preferably betWeen about 0.5 cm2 
to about 2.25 cm2, and the hydrogel has a thickness from 
about 1 mil to about 10 mils. In a preferred embodiment, a 
hydrogel disk is about % inch in diameter +/—15% (i.e., 0.44 
sq. in. +/—0.07 sq. in.) and has a thickness of about 7 mils 
+/—15% (i.e., 0.007 in. +/—0.00105 mils). Hydrogels may be 
of any shape suited to use in a particular analyte monitoring 
device. In a preferred embodiment, the hydrogel is essen 
tially circular. 
[0136] Ionically conductive materials for use in a collec 
tion reservoir system may have similar components as 
described herein With reference to hydrogels. In some 
embodiments the hydrophilic polymer may be omitted. In 
some embodiments use of hydrophilic polymer is at a loW 
level that maintains a relatively ?uid nature of the ionically 
conductive materials for use in the collection reservoir 
system. In some embodiments, the hydrophilic polymer may 
be present at concentrations that give structural integrity to 
the ionically conductive materials in the collection reservoir. 

[0137] Characterization of the hydrogens or ionically con 
ductive materials for use in a collection reservoir system of 
the present invention can be carried out using methods 
knoWn to one of skill in the art in vieW of the teachings of 
the speci?cation. Some exemplary characterizations are 
described herein beloW. 

[0138] Although a number of methods and materials simi 
lar or equivalent to those described herein can be used in the 
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practice of the present invention, some preferred materials 
and methods are described herein. 

2.3.0 Electrical Conductivity 

[0139] LoW electrochemical reactivity is another charac 
teristic of the compositions of the present invention (e.g., 
hydrogels or collection reservoirs comprising an ionically 
conductive material of the present invention). LoW electro 
chemical reactivity refers to a loW level of background 
electrical signal typically When the compositions of the 
present invention are in contact With a sensing electrode. 
Such a loW level of signal improves the ability of the 
compositions of the present invention to be used for detec 
tion of small quantities of analyte. Preferably, the hydrogels 
and collection reservoirs comprising an ionically conductive 
material of the present invention create an electrical envi 
ronment such that background noise created When the com 
position is used for analyte detection is as close to Zero as 
possible. Preferably, the amount of background noise is less 
than 500 nA, more preferably less than 200 nA, and most 
preferably less than 50 nA When measured using a hydrogel 
of the present invention and a platinum electrode With a 
surface area of approximately 1 cm2 measured at about 24° 
C. for an applied potential of 0.420V. 

[0140] Background current (or noise) may be measured by 
the folloWing procedure essentially as described in PCT 
International Publication WO/97/02811. A rectangular elec 
trode assembly consisting of a sensing and a counter Pt 
electrode and a reference Ag/AgCl electrode is used. Exem 
plary platinum sensing electrodes and Ag/AgCl ionto 
phoretic electrodes have been described in Us. Pat. No. 
6,587,705. An approximately 5/s inch diameter hydrogel disk 
is prepared, one release liner is removed, and the disk is 
placed on a rectangular electrode assembly With the exposed 
hydrogel side in contact With the platinum electrode having 
a surface area of approximately 1 cm2. The background 
current is measured for an applied potential of 0.420V. The 
measurements are carried out at about 24° C. The electrode 
is preconditioned at a bias potential of 0.75V for 10 minutes 
before starting the background current measurement. (This 
amount of preconditioning is not suf?cient to remove all 
electroactive contaminants from the gel.) The background 
current measurement typically decays asymptotically to a 
steady background current Within approximately 15 to 30 
minutes. Measurements are taken at approximately 60 min 
utes. For the compositions of the present invention (e.g., 
hydrogels or collection reservoirs comprising an ionically 
conductive material of the present invention), background 
current is less than 500 nA, preferably less than 200 nA, 
more preferably less than 100 nA, and more preferably less 
than 50 nA. Most preferably, the background current of the 
hydrogel in combination With the platinum electrode, at 
equilibrium or steady-state, has a background current as 
close to 0 nA as possible. 

[0141] The components used to formulate hydrogel com 
positions of the present invention may be treated to remove 
compounds that contribute to background electrical signal. 
For example, antioxidants may be present in commercial 
polymers that are electroactive. Such electroactive com 
pounds may be removed from the components of the present 
invention by a clean up procedure including, but not limited 
to, the folloWing methods: rinsing, extraction, super-critical 
?uid extraction, dia?ltration, siZe exclusion chromatogra 
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phy, dialysis, ion exchange chromatography, electrochemi 
cal preconditioning, and reverse phase chromatography. 

[0142] The compositions (e.g., hydrogels or collection 
reservoirs comprising an ionically conductive material of the 
present invention) of the present invention must be electrical 
conductive and should have a resistance of less than 
approximately 20 kOhms, preferably less than approxi 
mately 10 kOhms, and more preferably less than 5 kOhms. 
Electrical resistance may be measured essentially as folloWs. 
TWo 0.6 cm Ag/AgCl electrodes are placed 1 cm apart across 
a hydrogel sheet that is 10 mil (254 microns) thick. AknoWn 
electrical potential is passed across the hydrogel. The con 
ductivity of the hydrogel is measured using, for example, a 
multimeter (e.g., a Fluke 85 Multimeter). This test is typi 
cally carried out at 24° C. The resistance of the hydrogel is 
then calculated. 

2.4.0 Gel Viscosity and Elasticity 

[0143] The hydrogels of the invention preferably adhere to 
human skin and conform to the con?guration of the skin 
over Which they are applied. Thus the hydrogels Will be 
?exible to the extent that it Will adhere to skin and not fall 
off due to gravity. Further, When removed the hydrogels Will 
not be suf?ciently adhesive such as to tear aWay skin and 
they can be removed and Will not adhere to the skin on being 
removed so as to leave a tactile hydrogel residue on the skin 
folloWing removal. 

[0144] One indication of gel elasticity are the sWell ratios 
of dry versus Wet hydrogels (i.e., for sWell ratio (Wet), a 
hydrogel is Weighed, hydrated, then reWeighed and the ratio 
is Wet Weight over original Weight), and/or Wet versus dry 
hydrogels (i.e., for sWell ratio (dry), a Wet hydrogel is 
Weighed, desiccated, then reWeighed and the ratio is dry 
Weight to Wet Weight). 

[0145] Hydrogels of the present invention typically have a 
sWell ratio (Wet) of about 4.0 to about 9.0, preferably of 
about 4.5 to about 8.5. 

2.5 .0 Performance 

[0146] The hydrogels of the present invention exhibit 
structural integrity and stable electrical properties. The 
hydrogels of the present invention do not substantially exude 
Water, are structurally unchanged and functional over the 
range of temperatures normal for physiological use, do not 
store electrical charge, and have loW electrical resistance. In 
one embodiment of the present invention, the hydrogels also 
exhibit further superior properties in that they increase the 
?ux of analyte across a tissue surface (e.g., the stratum 
corneum) and this could be used to reduce skin irritation. 
Further, the hydrogels of the present invention increase the 
rate of mutarotation of ot-glucose to [3-glucose. The perfor 
mance of the hydrogels can be determined, for example, as 
described in Examples 2 and 3. 

2.5.1 Enhancement of Transdermal Flux 

[0147] The term “?ux” refers to the rate of transport of an 
analyte, e.g., glucose, across a tissue or mucosal surface, 
e.g., the comeum stratum of skin. Typically the analyte is 
collected in a collection reservoir, e.g., a hydrogel or an 
ionically conductive material contained Within a Well of a 
collection reservoir assembly. In the case of glucose being 
transderrnally extracted into a hydrogel, ?ux refers to the 
transport of glucose over time per unit area of hydrogel 
(nmol/cm2/hr). 
































