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COLLECTION ASSEMBLIES, LAMINATES, AND 
AUTOSENSOR ASSEMBLIES FOR USE IN 
TRANSDERMAL SAMPLING SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. Provisional 
Patent Application Serial No. 60/085,345, ?led May 13, 
1998, from Which priority is claimed under 35 USC 
§119(e)(1), and Which application is incorporated herein by 
reference in its entirety. 

TECHNICAL FIELD OF THE INVENTION 

[0002] Novel laminate structures, collection assemblies, 
and autosensor assemblies for use in a sampling device are 
described. The invention relates generally to consumable 
components of a device used for continually or continuously 
measuring the concentration of target chemical analytes 
present in a biological system. The laminates, collection 
assemblies, and autosensor assemblies are used in a trans 
dermal sampling device that is placed in operative contact 
With a skin or mucosal surface of a biological system to 
obtain a chemical signal associated With an analyte of 
interest. 

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 diabetics. 

[0004] Diabetes is a major health concern, and treatment 
of the more severe form of the condition, Type I (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 
as a means to avoid or at least minimiZe the complications 
of Type I diabetes is Well established. Patients With Type II 
(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 
?nger prick) for each test, and a determination of the glucose 
level using an instrument that reads glucose concentrations 
by electrochemical or calorimetric methods. Type I diabetics 
must obtain several ?nger prick 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 
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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. For example, US. Pat. No. 5,267,152 to 
Yang et al. describes a noninvasive technique of measuring 
blood glucose concentration using near-IR radiation diffuse 
re?ection laser spectroscopy. Similar near-IR spectrometric 
devices are also described in US. Pat. No. 5,086,229 to 
Rosenthal et al. and US. Pat. No. 4,975,581 to Robinson et 
al. 

[0008] US. Pat. Nos. 5,139,023 to Stanley et al., and 
5,443,080 to D’Angelo et al. describe transdermal blood 
glucose monitoring devices that rely on a permeability 
enhancer (e.g., a bile salt) to facilitate transdermal move 
ment of glucose along a concentration gradient established 
betWeen interstitial ?uid and a receiving medium. US. Pat. 
No. 5,036,861 to SembroWich describes a passive glucose 
monitor that collects perspiration through a skin patch, 
Where a cholinergic agent is used to stimulate perspiration 
secretion from the eccrine sWeat gland. Similar perspiration 
collection devices are described in US. Pat. No. 5,076,273 
to Schoendorfer and US. Pat. No. 5,140,985 to Schroeder. 

[0009] In addition, US. Pat. No. 5,279,543 to Glikfeld et 
al. describes the use of iontophoresis to noninvasively 
sample a substance through skin into a receptacle on the skin 
surface. Glikfeld teaches that this sampling procedure can be 
coupled With a glucose-speci?c biosensor or glucose-spe 
ci?c electrodes in order to monitor blood glucose. Finally, 
International Publication No. WO 96/00110, published Jan. 
4, 1996, describes an iontophoretic apparatus for transder 
mal monitoring of a target substance, Wherein an ionto 
phoretic electrode is used to move an analyte into a collec 
tion reservoir and a biosensor is used to detect the target 
analyte present in the reservoir. Finally, International Pub 
lication No. WO 96/00110 to Tamada describes an ionto 
phoretic apparatus for transdermal monitoring of a target 
substance, Where an iontophoretic electrode is used to move 
an analyte into a collection reservoir and a biosensor is used 
to detect the target analyte present in the reservoir. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates generally to collec 
tion assembly, laminates and autosensor assemblies for use 
in a sampling device. More particularly, the present collec 
tion assembly, laminates and autosensor assemblies are used 
in a transdermal sampling device that is placed in operative 
contact With a skin or mucosal surface of the biological 
system to obtain a chemical signal associated With an 
analyte of interest. The sampling device transdermally 
extracts the analyte from the biological system using, for 
example, an iontophoretic sampling technique. The trans 
dermal sampling device can be maintained in operative 
contact With the skin or mucosal surface of the biological 
system to provide, for example, continual or continuous 
analyte measurement. 

[0011] The analyte can be any speci?c substance or com 
ponent that one is desirous of detecting and/or measuring in 
a chemical, physical, enZymatic, or optical analysis. The 
analyte can be any speci?c substance or component that one 
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is desirous of detecting and/or measuring in a chemical, 
physical, enzymatic, or optical analysis. Such analytes 
include, but are not limited to, amino acids, enZyme sub 
strates or products indicating a disease state or condition, 
other markers of disease states or conditions, drugs of abuse, 
therapeutic and/or pharmacologic agents (e.g., theophylline, 
anti-HIV drugs, lithium, anti-epileptic drugs, cyclosporin, 
chemotherapeutics), electrolytes, physiological analytes of 
interest (e. g., urate/uric acid, carbonate, calcium, potassium, 
sodium, chloride, bicarbonate (CO2), glucose, urea (blood 
urea nitrogen), lactate/lactic acid, hydroxybutyrate, choles 
terol, triglycerides, creatine, creatinine, insulin, hematocrit, 
and hemoglobin), blood gases (carbon dioxide, oxygen, pH), 
lipids, heavy metals (e.g., lead, copper), and the like. 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 pharmacologi 
cal agent. 

[0012] Thus, one embodiment of the invention provides a 
tri-layer collection assembly for use in a transdermal sam 
pling device. The collection assembly is formed from a 
series of functional layers including: (1) a ?rst surface layer 
that is comprised of a substantially planar material that has 
an opening Which extends therethrough; (2) a second surface 
layer that is also comprised of a substantially planar material 
and has an opening therein; and (3) an intervening layer that 
is positioned betWeen the ?rst and second surface layers, 
Wherein the intervening layer is comprised of an ionically 
conductive material. The ?rst and second surface layers 
overlap the intervening layer at corresponding positions, and 
contact each other at their corresponding overlaps, such 
overlaps can be used to form a laminate structure. The 
openings in the ?rst and second surface layers are axially 
aligned to provide a How path through the laminate (i.e., a 
How path that extends betWeen the tWo surfaces and passes 
through the intervening layer). The overhangs provided by 
the mask and retaining layers are generally contacted With 
each other to sandWich the collection insert therebetWeen 
and form the assembly. 

[0013] It is a related object of the invention to provide an 
autosensor assembly for use in a transdermal sampling 
device, Wherein the assembly comprises the three functional 
layers of the above-described collection assembly or lami 
nate, an electrode assembly, and, typically, a support tray. 

[0014] It is a further object of the invention to provide a 
tWo layer collection assembly or laminate for use in a 
transdermal sampling device. The collection assembly is 
formed from tWo functional layers including: (1) a surface 
layer that is comprised of a substantially planar material that 
has an opening Which extends therethrough; and (2) a 
second layer. The second layer is formed from the combi 
nation of a gasket and a collection insert. The gasket is 
comprised of a substantially planar material having a top 
face, a bottom face, and an opening extending betWeen the 
top and bottom faces. The top face of the gasket is attached 
to the bottom face of the surface layer, and the opening in the 
gasket is axially aligned With the opening in the surface layer 
to provide a How path through the laminate. The collection 
insert is arranged Within and substantially ?lls the opening 
in the gasket such that the collection insert is aligned With 
the opening in the surface layer and rests against or is 
otherWise attached to a portion of the surface layer. 
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[0015] It is a related object of the invention to provide an 
autosensor assembly for use in a transdermal sampling 
device, Wherein the assembly comprises the tWo layers of 
the above-described collection assembly or laminate, an 
electrode assembly With Which the collection assembly is 
functionally aligned, and, typically, a support tray. 

[0016] Thus, in one embodiment, the invention relates to 
a collection assembly for use in a iontophoretic sampling 
device useful to monitor a selected analyte or derivatives 
thereof present in a biological system. The collection assem 
bly comprises: 
[0017] a) a collection insert layer comprised of an ioni 
cally conductive material having ?rst and second portions, 
each portion having ?rst and second surfaces, 

[0018] b) a mask layer comprised of a material that is 
substantially impermeable to the selected analyte or deriva 
tives thereof, Wherein the mask layer has inner and outer 
faces and said outer face provides contact With said biologi 
cal system and the inner face is positioned in facing relation 
With the ?rst surface of each collection insert, (ii) de?nes 
?rst and second openings that are aligned With the ?rst and 
second portions of the collection insert layer, (iii) each 
opening exposes at least a portion of the ?rst surface of the 
collection insert layer, and (iv) has a border Which extends 
beyond the ?rst surface of each portion of the collection 
insert layer to provide an overhang; and 

[0019] (c) a retaining layer having inner and outer faces 
Wherein the inner face is positioned in facing relation With 
the second surface of each collection insert, (ii) de?nes ?rst 
and second openings that are aligned With the ?rst and 
second portions of the collection insert layer, (iii) each 
opening exposes at least a portion of the second surface of 
the collection insert layer, and (iv) has a border Which 
extends beyond the ?rst surface of each portion of the 
collection insert layer to provide an overhang. 

[0020] In certain embodiments, the collection insert layer 
further comprises a gasket layer and the gasket layer is 
betWeen the mask layer and the retaining layer. 

[0021] In additional embodiments, the subject invention is 
directed to a laminate comprising a collection assembly, as 
described above, as Well as a sealed package containing the 
laminate. 

[0022] In still another embodiment, the invention is 
directed to an autosensor assembly for use in a iontophoretic 
sampling device useful to monitor an analyte present in a 
biological system. The autosensor assembly comprises: 

[0023] (I) a collection assembly Which comprises, 

[0024] a) a collection insert layer comprised of an 
ionically conductive material having ?rst and second 
portions, each portion having ?rst and second sur 
faces, 

[0025] b) a mask layer comprised of a substantially 
planar material that is substantially impermeable to 
the selected analyte or derivatives thereof, Wherein 
the mask layer has inner and outer faces and the 
outer face provides contact With the biological sys 
tem and the inner face is positioned in facing relation 
With the ?rst surface of each collection insert, (ii) 
de?nes ?rst and second openings that are aligned 
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With the ?rst and second portions of the collection 
insert layer, (iii) each opening exposes at least a 
portion of the ?rst surface of the collection insert 
layer, and (iv) has a border Which extends beyond the 
?rst surface of each portion of the collection insert 
layer to provide an overhang; 

[0026] (c) a retaining layer having inner and outer 
faces Wherein the inner face is positioned in facing 
relation With the second surface of each collection 
insert, (ii) de?nes ?rst and second openings that are 
aligned With the ?rst and second portions of the 
collection insert layer, (iii) each opening exposes at 
least a portion of the second surface of the collection 
insert layer, and (iv) has a border Which extends 
beyond the ?rst surface of each portion of the 
collection insert layer to provide an overhang; and 

[0027] (d) Where the ?rst and second openings in the 
mask layer are positioned in the collection assembly 
such that they are aligned With the ?rst and second 
openings in the retaining layer and thereby de?ne a 
plurality of How paths through said collection assem 
bly; 

[0028] (II) an electrode assembly having an inner and 
outer face, the inner face comprising ?rst and second bimo 
dal electrodes, Wherein the ?rst and second bimodal elec 
trodes are aligned With the ?rst and second openings in the 
retaining layer of the collection assembly; and 

[0029] (III) a support tray that contacts the outer face of 
the electrode assembly. 

[0030] In alternative embodiments, the autosensor assem 
bly further comprises a ?rst removable liner attached to the 
outer face of the retaining layer, and/or a second removable 
liner attached to the outer face of the mask layer. In addition, 
a ploWfold liner can be used, for example, betWeen the 
electrode surfaces and the collection inserts. 

[0031] In further embodiments, the invention is directed to 
a sealed package containing the autosensor assembly 
described above. The sealed package may also contain a 
hydrating insert. 

[0032] In yet another embodiment, the invention is 
directed to a collection assembly for use in a iontophoretic 
sampling device useful to monitor a selected analyte, or 
derivatives thereof, present in a biological system. The 
collection assembly comprises: 

[0033] a) a mask layer comprised of a substantially planar 
material that is substantially impermeable to the selected 
analyte or derivatives thereof, Where the mask layer has 
inner and outer faces and the outer face provides contact 
With the biological system; 

[0034] b) a collection insert layer comprised of an ioni 
cally conductive material having ?rst and second surfaces, 
and 

[0035] c) the mask and collection insert layers are con?g 
ured such that at least a portion of the collection insert is 
exposed to provide contact With the biological system, and 
(ii) How of the analyte through the ?rst surface of the 
collection insert layer from the biological system is pre 
vented by the mask layer for any portion of the ?rst surface 
of the collection insert layer that is in contact With the inner 
face of the mask layer. 
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[0036] In another embodiment, the invention is directed to 
an autosensor assembly comprising 

[0037] (a) the collection assembly above, 

[0038] (b) an electrode assembly having an inner face 
comprising an electrode and an outer face, Where the inner 
face of the electrode assembly and the collection assembly 
are aligned to de?ne a plurality of How paths through the 
collection assembly, and 

[0039] (c) a support tray that contacts the outer face of the 
electrode assembly. 

[0040] Additional objects, advantages and novel features 
of the invention Will be set forth in part in the description 
Which folloWs, and in part Will become apparent to those 
skilled in the art upon examination of the folloWing, or may 
be learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1A depicts a top plan vieW of an ionto 
phoretic collection reservoir and electrode assembly for use 
in a transdermal sampling device. 

[0042] FIG. 1B depicts the side vieW of the iontophoretic 
collection reservoir and electrode assembly shoWn in FIG. 
1A. 

[0043] FIG. 2 is a pictorial representation of an ionto 
phoretic sampling device Which includes the iontophoretic 
collection reservoir and electrode assembly of FIGS. 1A 
and 1B. 

[0044] FIG. 3 depicts an exploded vieW of one embodi 
ment of a collection assembly and autosensor constructed 
according to the present invention. 

[0045] FIG. 4 depicts an exploded vieW of another 
embodiment of a collection assembly and autosensor con 
structed according to the present invention. 

[0046] FIG. 5 depicts an exploded vieW of a still further 
embodiment of a collection assembly and autosensor con 
structed according to the present invention. 

[0047] FIG. 6 is a representation of one embodiment of a 
bimodal electrode design. The ?gure presents an overhead 
and schematic vieW of the electrode assembly 633. In the 
?gure, the bimodal electrode is shoWn at 630 and can be, for 
example, a Ag/AgCl iontophoretic/counter electrode. The 
sensing or Working electrode (made from, for example, 
platinum) is shoWn at 631. The reference electrode is shoWn 
at 632 and can be, for example, a Ag/AgCl electrode. The 
components are mounted on a suitable nonconductive sub 
strate 634, for example, plastic or ceramic. The conductive 
leads 637 leading to the connection pad 635 are covered by 
a second nonconductive piece 636 of similar or different 
material. In this example of such an electrode the Working 
electrode area is approximately 1.35 cm2. The dashed line in 
FIG. 6 represents the plane of the cross-sectional schematic 
vieW presented in FIG. 7. 

[0048] FIG. 7 is a representation of a cross-sectional 
schematic vieW of the bimodal electrodes as they may be 
used in conjunction With a reference electrode and a hydro 
gel pad. In the ?gure, the components are as folloWs: 
bimodal electrodes 740 and 741; sensing electrodes 742 and 
743; reference electrodes 744 and 745; a substrate 746; and 
hydrogel pads 747 and 748. 
































