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TITLE: APPARATUS AND METHOD FOR CONTINUOUS REAL-TIME TRACE
BIOMOLECULAR SAMPLING, ANALYSIS AND DELIVERY

Inventors: John Frederick. Currie
Cross Reference to Applications
This application is related to, and claims priority from U.S. Provisional Patent
application no. 60/634,783 filed on December 9, 2004 by John Currie titled “Systems and
Methods for Monitoring Health and Delivering Drugs Transdermally”, the contents of which

are hereby incorporated by reference.

Technical Field

The present invention relates to the field of portable biomedical and bio-molecular
monitoring. More specifically, the present invention relates to a method, apparatus, and
system for minimally invasive, continuous real-time trace bio-molecular sampling, analysis
and delivery.

Background Art

Non-invasive, transdermal sampling of body fluids has long been a goal of medical
research.

Prior art attempts to achieve this goal are described in, for instance US patent
6,887,202 issued on May 3, 2005 to Currie et al. entitled “Systems and Methods for
Monitoring Health and Delivering Drugs Transdermally” the contents of which are hereby
incorporated By reference.

The prior attempts at transdermal sampling have typically been characterized by
making relatively large holes in the outermost layer of the epidermis, namely the stratum
corneum which is effectively the surface of the skin and is composed mainly of dead cells
that lack nuclei. The holes are typically made by heat or laser ablation or puncturing with
fine needles and reach through to underlying, viable epidermis. Interstitial fluid from the
viable epidermis or fluid from the extremity of the vascular system is then typically either
sucked up, or squeezed out, from beneath the skin into the transdermal device where it is

analyzed spectroscopically using systems of micro-fabricated channels and light guides.
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Such systems have significant drawbacks, including the fact that the size of the holes
is typically of the order of tens of microns which is sufficient to cause local irritation. This
often results in inflammation, meaning that the channels typically cannot be maintained open
for longer than a few hours to a few days.

Furthermore, micro-fabrication of complex systems typically requires the use of
silicon substrates which are relatively inflexible, making close surface contact difficult and
resulting in lateral motion between the transdermal detector and the holes through the stratum
corneum. Because of the size of the transdermal holes, typically tens of microns in diameter,
even a small amount of lateral motion renders such a device inoperative.

To achieve the goal of minimally invasive, continuous real-time trace transdermal
sampling, analysis and delivery a system and method that overcomes these difficulties is

needed.

Disclosure of Invention

The present invention relates to a system and method that allows trans-dermal
sampling that is minimally invasive and can be used for continuous real-time trace sampling
of Interstitial fluid from the viable epidermis.

In a preferred embodiment of the invention, the trans-dermal platform has a flexible
substrate on which a pair of sample electrodes are joined by a resistive element. An electro-
conducting enzyme anchor layer covers part of at least one of the sample electrodes, and a
protective layer may cover the entire trans-dermal platform, except for the vicinity of the
sample electrodes.

During manufacture, the electro-conducting layer is electrochemically activated with
an anchored enzyme that modifies a target bio-molecule. For instance, if glucose is the target
bio-molecule, the enzyme may be, but is not limited to, glucose oxidase.

In one of several analytic uses, the trans-dermal platform is preferably adhesively
held in contact with a subjects skin. The subject’s stratum corneum is then disrupted by
applying a series of voltage pulses of approximately 2V lasting less than a second. The exact
sequence and voltage required must be adjusted for the particular subject and the location and
nature of the tissue to be disrupted. The heat and voltage drop between the sample electrodes

does not remove the dead cells of the stratum corneum but severs connections between them,
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creating capillary openings that serve to wick the interstitial fluid from the viable epidermis
up to sample electrodes and allow sufficient fluid transfer to equilibrate and dynamically
maintain equilibrium with interstitial fluid in the viable tissues beneath the stratum corneum.

Any target bio-molecule in the interstitial fluid drawn into the vicinity of the electro-
conducting enzyme anchor layer interacts with the anchored enzyme. This interaction may
be detected by, for instance, chronoamperometric measurements made using voltages applied
across the sample electrodes.

These and other advantages of the system will now be described by reference to the

accompanying drawings.

Brief Description of Drawings

Figure 1 is a schematic drawing showing the biomolecular sampling and delivery
platform.

Figure 2 is a schematic drawing showing the functional components of the sampling,
analysis and delivery device.

Figure 3 is a schematic top view of part of a preferred geometry of a sampling,
analysis and delivery cell.

Figure 4A is a schematic top view a preferred geometry of a sampling and analysis
cell.

Figure 4B is a schematic top view a preferred geometry of a delivery cell.

Figure 5 shows a cross section along A-B of the embodiment of Figure 3.

Figure 6 is a schematic cross section of a variation of the design depicted in Figure 3.

Figure 7 shows the same cross section as Fig. 6 in which a breach 42 in the thin
membrane of substrate.

Figure 8 shows the cross section of Figure 6 with the cavity filled with material for
delivery at the sample site.

Figure 9 shows the cross section of Figure 6 in which the effective surface areas of
the analysis electrodes 32 and 36 is increased.

Figure 10 shows the cross section of Figure 6 in which the effective surface areas of

the analysis electrodes is increased.
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Figure 11 shows the cell of Figure 6 in contact with tissue such as skin which is
simplified to show schematically the scaly stratum corneum and the viable epidermal tissue.

Figure 12 is a schematic drawing showing the cell of Figure 11 after disruption of the
barrier tissue.

Figure 13 shows the cell of Figure 8 in contact with tissue.

Figure 14 shows a schematic view of the cell of Figure 11 after disruption of the
barrier tissue.

Figure 15 shows the cell used for sampling fluids.

Figure 16 showing the cell of Figure 15 which has opened to allow fluid to enter the
cavity where the analysis electrodes are located.

Figure 17 shows the cells used for sampling solids or powders.

Figure 18 shows the cell of Figure 17 which has opened to allow contained fluid to
wet and dissolve the dry sample enabling a concentration to be present at the analysis
electrodes.

Figure 20 is a block diagram indicating some components of the controller and

wireless communication.

Best Mode for Carrying Out the Invention

The present invention relates to a system and method for selective minimally intrusive
sampling of biological fluids, selective electrochemical measurement of multiple bio-
molecules present in the sample, and release on command of stored bio-chemicals.

In a preferred embodiment the system comprises a compliant, sterile disposable
sampling, analysis and delivery device, a controlling device, and a communications device

In a preferred mode of operation where biomolecules present in interstitial fluid are to
be sampled transdermally, the sampling device is placed in close contact with the skin and
held in position by pressure or an adhesive. A precisely determined and controlled series of
electrical pulses are applied to one or several pairs of a multiplicity of selectable electrodes so
as to produce heat and local electrical fields that disrupt the dead skin cells of the stratum
corneum without damaging living cells immediately below them in the viable epidermis,
allowing interstitial fluid to flow towards and to wet the surface of that point on the sampling

device and maintain a concentration in equilibrium with that of underlying tissue for many
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hours until the stratum corneum reforms. At that precise position, one or more pairs of
electrochemical electrodes are positioned and prepared in one of several ways so as to
selectively measure one or more biochemical analytes and, or physi-chemical properties such
as pH or dissolved gas. Measurements are continuous in nature and track any time variation
of these concentrations reliably until the stratum corneum repairs. The preparation of the
electrodes at each point may include encapsulation to protect reactive surfaces prior to
beginning desired measurement. In separate multiple encapsulations at the point of
measurement, bio-chemicals in gas phase, dry powder or aqueous solution may be stored and
released by controlled diffusion through encapsulating wall materials or through sequential
controlled rupture of portions of the encapsulating wall so as to allow desired concentrations
of the chemical to dissolve into the interstitial fluid and gain access to the body through the
locally disrupted stratum corneum. As a analytical chemistry tool, the chemical can be chosen
to react and modify the composition of the local interstitial fluid, and reaction products may
be measured by the multiple electrodes. Alternatively, the encapsulated chemical sample may
be a calibration standard. Separately, the selected or newly selected measuring electrodes can
be used to follow continuously individual’s response to the administered chemical, thus
efficacy can be quantified and adapted to the individual and adverse reactions safely detected
and prevented at the lowest of doses. In real time the controlling device calculates the
necessary sequence of electrical signals required to perform the sampling, electrochemical
analysis as well as continuous logging of the results, and chemical release. The
communications device allows an external device to interrogate the controlling device so as
to perform a variety of operations including identifying the.system, establishing the identity
of the interrogator, transmitting stored information, allowing reconfiguration of the
controlling program. Reconfigurations might include opening several sampling points on the
sampler surface to test for the same of multiple different analytes simultaneously, or chosing
to increase, decrease or stop chemical release, or changing the frequency of sampling due to a
detected stability or rapid change in measured concentrations, or adjusting the details of the
pulses used to disrupt the stratum corneum. Once after potentially weeks of monitoring the
electrochemical sensing points are all used-up, or encapsulations are all opened the
disposable sampling, analysis and delivery device can be discarded and another one of

identical or different configuration reinserted into the system.
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Some similar situations to the one described in this mode of operation include:
a) monitoring for viability and functionality organs and tissues prepared and stored for

surgical implantation

b) monitoring entire chemical panels for individuals, patients, or populations at risk

c) monitoring for critical care, shock, trauma and resuscitation

d) monitoring for chronic critical diseases

e) monitoring for early detection of disease

f) monitoring for response to therapeutic treatment

2) gene therapy: Scaling the individual sampling site on this device to the scale a

dimension of 10 micrometers or less, the intracellular fluid of individual cells can be
analyzed by disrupting the cell memebrane locally, and therapeutic can be injected into the
cell before releasing it from the sampler surface. '

In a second mode of operation, biological fluids may have already been collected
from samples of food water, air, whole blood, urine, saliva, chemical reactions or cultures.
Small volumes of the biological fluids may be applied to the surface of the sampling device
either statically or by means of a continuous flow across the surface. The controller is
configured to open one or several sensing sites and begin monitoring specific concentrations.
For example blood draws can be analyzed immediately at the point of care, or air and water
samples can be monitored continuously for chemical- and biological contaminant- free purity.
Samplers can be replaced as used-up or as new contaminant threats are identified enabling a
flexible reconfigurable monitoring.

Some similar situations to the one described in this mode of operation include:

a) monitoring cell culture viability and metabolism ‘

b) monitoring precipitates, distillates, filtered powders.

System components
In a preferred embodiment, the system consists of three functional devices. Referring
to the lettered features of the photographs in Figure 1 below, we see A) Flexible disposable
micro fluidic electro-chemical chip with multiple electrochemical sensor cells, C) and D) a

controller device comprising a flexible cable and connector, together with a wireless control
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and messaging unit, and thirdly a communicating device or interfaced remote Wireless
computer. .

The sampling device may be a flexible patch-like chip with a multilayer polymeric
metal laminate structure and may be fabricated using SU-8 as a structural layer, a Teflon-AF
release layer, polymethylmethacrylate (PMMA), polypyrrole (PPy) and glucose oxidase
(GOD). For brevity we shall describe a particular version of the device in which for clarity
the encapsulation and protedctive membrane rupture features are absent, and in which we
have chosen to combine the electrodes used for disruption of the stratum corneaum with the
sensing and reference electrochemical electrodes. The sampling, analysis and chemical
delivery device fabrication process uses SUS as a principal structural material consisting of
five steps. This process is a subset of an earlier technology developed for the polymer
material PDMS. The first step was the deposition of a Teflon release layer on a glass
substrate, which allowed the multi-layered multi polymeric devices to be removed easily
from the glass after fabrication. A thin layer of SU8 was formed by spin coating and acted as
a baée layer (10 p) for the rest of the device and provided adhesion to the Teflon. The third
step in the fabrication process consisted of spin coating a thick (150 p) SUS layer. This thick
layer provided the structural support for the device. Chromium/gold electrode/heater
metallization (0.5 p) was sputtered deposited and patterned on top of the thick SU8 (150 p)
layer. 10p PMMA was then spun coated as a protective layer for the selective deposition of
PPy and enzyme. In order to prevent electrode pads getting covered by PMMA, scotch tape
was applied on the electrode pads prior to PMMA spin was removed before PMMA baking
process. PMMA layer was further selectively plasma etched in such a way that only one of
the electrodes was exposed and the other electrode was covered. The metals were patterned
using positive photo-resist and wet-chemical etching. Before the sputter deposition, a plasma
surface treatment was employed to improve the adhesion between the SU8 and the metal
layers. Releasing the device from the glass substrate using a razor blade was the next step.
The release layer was formed by spin coating a solution of amorphous fluoropolymers diluted
with perfluorinated solvent .

Glucose oxidase (GOD), the current enzyme prototype, was adsorbed
electrochemically onto a polypyrrole (PPy) layer using a potentiostat together with an
electrolyte solution consisting of 0.1 M, each, of PPy and KCl at 0.8 V for 2 minutes. 0.1 M
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Ferricyanide and 8001 units/ml of GOD (18 ul GOD and 48 pl K3FeCN6 in 10 ml phosphate
buffer solution) were further added in the electrolyte solution for the deposition of GOD.
Selective deposition of Ppy + GOD was then done on one of the exposed electrodes of the
SAMPLING, ANALYSIS AND CHEMICAL DELIVERY DEVICE cell (Figure 3).
Chronoamperometric dose responses were recorded and the results revealed that the sensor
had a good linearity from 0 to 10 mM glucose with the sensitivity of 2.9 mA/mM. For our
lactate sensor chips we use the same process except we substitute lactate oxidase for the
GOD.
Control Electronics

Again for simplicity we discuss a prototype realization of the control functions in a
simplified system.

We modified the design of sampling, analysis and chemical delivery devices to make
them compatible with zero-insertion force (ZIF) connectors. Chip thicknesses were adjusted
to be 150pm +/- 10um for optimal insertion reproducibility and the connector pad pin-outs
were drawn to meet with the 300-pitch staggered connector positions. Most important is the
ability to make “bottom” chip contacts allowing a flat connector and chip surface that can be
pressed to the body of the subject. That is, there is no step in level at the connector body that
prevents a good flat contact with the skin. The body of the connector is 1.8 mm high in a
surface mountable dual in-line package and is equipped with a ZIF slider mechanism that
locks the chip into place once correctly inserted. We have seen that this allows us to change
sampling, analysis and chemical delivery device sensor chips reproducibly in a minute, yet be
study enough to accept multiple insertions and to resist forces that would withdraw the chip
from the socket due to the normal movement of the animal under experimental study. The
part is made in different widths corresponding to a range of 17 to 91 pin contacts. We have
used the ones for 31 and 61 pins in our development work. The connector photographed in
Figures 1, 7D, 8G, and 8H is the 61 pin version soldered to a wire cable. We have also used
in with flexible multi-conductor kapton tapes as shown in Figure 1C. In the integrated device
shown in Figure 1F this connector is rigidly connected to the body of the control electronics
package. The connector is available in both tape and reel-to-reel packages for economic

automated assembly and manufacture.
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The electronics consists of two parts. The first is a computer-interfaced wireless data
collection system that is capable of addressing up to 64 remote sensor nodes managing the
identification of each one as well as interrogating each one for the contents of its memory
buffers. The second part is the sensor node. It is made up of five functional parts: RF
communication (with unique identification), a microprocessor controller, a multiplexer,
analog circuit sources and A/D converters, and multiple sensor input. The modifications
made by Holeman concern principally programming the microprocessor, and adapting the
analog circuits, multiplexer and input lines to our device. The details of this electrical
engineering will be given elsewhere. Of importance is that the range of communication is
about 300 m to allow communication between a command center and members of a platoon.
Each soldier can be monitored individually for glucose and lactate concentrations. If the
soldier is healthy, an individual rested baseline can be measured and stored. As the soldier
exerts himself the blood glucose and lactate levels can be monitored. Extreme exerting can be
seen in hypoglycemia and elevated lactate levels. This physiological state affects the soldier’s
ability to perform in battle or subsequent situations of high-exertion. If the soldier suffers a
casualty, the monitors can be activated to measure quasi—coﬁtinuously as shown in the studies

below, and the micro system behaves as a critical care and triage instrument.

Trace detection by using nanomaterials on the sensing electrode.

Disruption of barrier tissues is different from prior art in which processes such as
ablation and poration are typically used. Ablation refers to the removal of certain targeted
cells for example in the stratum corneum stack of mammalian skin. Barrier cells are often not
living cells, and are sometime scaly and flattened from their living shapes, are closely and
conformally packed adhering one to another by chemical bonds between the biomoleculars
constituting cell walls. The process of disruption refers to the process by which the bonds
between the packed barrier cells are gradually broken, allowing narrow capillary openings to
form between cells. The cells themselves mostly remain intact. At one point as the capillary
size increases there are conductive paths through which interstitial fluid can be drawn, to the
surface. Our observation is that the rate and nature of flow is independent of, for example,
basal metabolic blood pressure and there is no internal pressure head forcing ISF outwards.

ISF flows can be enhanced with special hydrophyllic surface treatments of the sampling
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points on the sampling device as well as in capillary structures or tiny enclosures patterned
into the surface if the sampling device.

Our unique technique for reliable disruption of barrier tissues requires a particular
sequence and combination of pulses of electrical energy on the individually addressed
sampling electrodes. In particular for human forearm skin we have used one ore multiple
conducting thin film resistors between the sampling electrodes. For multiple resistors the
values of the resistances are chosen to cascade from a high (eg. 2000hm) to medium to low
resistance (500hm). The size of each resistor is comparable to that of the barrier cell to be
dislodged from its neighbors. For 50micron stratum corneum cells this means that the gap
between electodes is less than 100 microns. Electrical voltage steps from 0 to 2 V are applied
to the electrodes in short bursts of less than one second, typically with 0.2V increases in each
pulse. We note that by fabrication, the conductive traces leading from the connector to are
buried except at the This first applies a moderate electric field of up to 4MV/m. Then by 2.2V
the temperature of the least resistive element reaches 140C very briefly, and the resistor
opens. Opening is determined by the precise fabrication materials, dimensions and
sequeneces of the resistor and the underlying sampling device material (often a low melting
temperature polymer film such as poly ethylenes or methacrylates). By material deformation
the conductive trace breaks. Heat profile measurements show that the temperature falls to less
than 80C across a 50 miron thick stratum corneum. If there is only one resistor, the electrode
goes into open circuit, yet still an electric field can be applied in pulses between the
electrodes. For multiple resistors, one can continue the voltage steps until all resistors break .
to open circuit. The electrodes can now be left alone to allow for electrochemical
measurements between sensing and reference electrodes.

Of note is that one realization is to use the disrupting electrodes themselves for the
electrochemical measurements. When possible, benefits of this particular realization are
compact economical fabrication, higher packing densities, simplification of conection and
control circuitry. ‘ .

To understand the inventive concepts of the present invention it is useful to consider
the accompanying drawings in which, as far as possible, like numbers represent like

elements.
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Figure 1 is a schematic drawing showing the biomolecular sampling and delivery
platform 10. The platform 10 comprised three cooperating devices, the sampling, analysis
and delivery chip 12, the control electronics 14 , and the wireless interface 16 that allows
transmission of data to remote loggers or controllers.

Figure 2 is a schematic drawing showing the functional components of the sampling,
analysis and delivery chip 12. The sampling, analysis and delivery chip 12 comprises the
sampling analysis and delivery cell area 18, the electrical céntact pads to controller’s socket
20 and the electrically conductive paths 22 that connect the chips 12 to the contact pads 20.
The chips 12 are located in an area 24 placed in contact with tissue or sample to be analyzed.
The chip 12 optionally includes an electrical chip identification area 26.

Figure 3 is a schematic top view of part of a preferred geometry of a sampling,
analysis and delivery cell 12, that may be one of many on the sampling, analysis and delivery
device 10. In this geometry both sampling and analysis devices are exposed on the surface of
the compliant device. A buried encapsulation 28 containing material for delivery is shown in
outline.

Electrically conductive paths 30 are covered by thin insulating layer and form part of
a selective working electrode 32 and a reference electrode 34.

Exposed electrically resistive element portions 36 join the exposed section of
electrically conductive paths 38 of a second conductive path.

Figure 4A is a schematic top view a preferred geometry of a sampling and analysis
cell. In this layout, the selective working electrode 32 and the reference electrode 34 are
joined by the exposed section of electrically conductive paths 38 of a second conductive path
so that the disruption of the stratum corneum and the chronoamperometric or other electrical
analytical measurements can be made by the same electrodes.

Figure 4B is a schematic top view a preferred geometry of a delivery cell. In this
layout the buried encapsulation 28 containing material for deliver is located behind a pair of
exposed sections 38 of electrically conducting paths joined by an exposed resistive element
portion of the conduction path. In this way disruption of the stratum corneum may be used to
provide delivery of the material in the buried encapsulation 28.

Figure 4C shows a top view schematic of one part of one particular geometry of one

sampling, analysis and delivery cell of many on the sampling, analysis and delivery device.
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In this geometry both sampling and analysis devices are exposed on the surface of the
compliant device and the electrodes are located at the exposed portions of the electrically
conductive paths, resulting in fewer conductive paths, and requiring increased control
functionality.

Figure 5 shows a cross section along A-B of the embodiment of Figure 3.

The cross-section shows the resistive element 36 in proximity to an analysis electrode
that may be a selective working electrode 32 on a portion of the flexible substrate 40.

Figure 6 is a schematic cross section of a variation of the design depicted in Figure 3
in which the analysis electrodes 32 and 34 are encapsulated within a cavity in the substrate 40
and are on a thin membrane of substrate material at the point of sampling. The cavity 28 may
be filled with material to be delivered to the sampling site, or may be empty.

Figure 7 shows the same cross section as Fig. 6 in which a breach 42 in the thin
membrane of substrate. The breach 42 is caused by the actuation of the resistive element
results in exposure of the electrodes to sample material, allowing delivery of any
encapsulated delivery material to the sampling site

Figure 8 shows the cross section of Figure 6 with the cavity 28 filled with material 44
for delivery at the sample site. These working electrodes 32 and 36 may be configured to
select for the concentration of the delivery material 44 and hence gauge how much of the
material has left the cavity and has been delivered to the sampling site.

Figure 9 shows the cross section of Figure 6 in which the effective surface areas of the
analysis electrodes 32 and 36 is increased achieving a corresponding increase in electrical
signal and a lessening of the signal to noise ratio. Increase in the area can be achieved both by
covering additional area on the walls of the cavity as well as by using a protected spongy
porous electrode material.

Figure 10 shows the cross section of Figure 6 iri which the effective surface areas of
the analysis electrodes 32 and 34 is increased achieving a corresponding increase in electrical
signal and a lessening of the signal to noise ratio. Increase in the area can be achieved by
covering the working electrode 32 surface with a protected dense nanomaterial 46 prepared

with the necessary selective chemistries.
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Figure 11 shows the cell of Figure 6 in contact with tissue such as skin which is
simplified to show schematically the scaly stratum corneum 48 and the viable epidermal
tissue 50 below in which is located interstitial fluid.

Figure 12 is a schematic drawing showing the cell of Figure 11 after disruption of the
barrier tissue in region 52. A percolating fluid path is established allowing the interstitial
fluid 54 from the viable epidermal tissue 50 to flow by capillary force to and wet the
sampling site. The interstitial fluid 54 wetting the electrodes may be analyzed by the selective
electrodes 32 and 34.

Figure 13 shows the cell of Figure 8 in contact with tissue such as skin which is
simplified to show schematically the scaly stratum corneum 48 and the viable epidermal
tissue 50 below in which is located interstitial fluid.

Figure 14 shows a schematic view of the cell of Figure 11 after disruption of the
barrier tissue. A percolating fluid path is established allowing the interstitial fluid 54 to flow
by capillary force to and wet the sampling site. The delivery material 44 mixes or dissolves in
the interstitial fluid and due to the resulting high concentration gradient diffuses backward
through the disrupted statum corneum 48 to the viable tissues 50 and thence to the rest of the
body.

Figure 15 shows the cell used for sampling fluids. The cell of Figure 6 in contact with
stagnant or flowing fluid 56 to be analyzed

Figure 16 shows the cell of Figure 15 which has opened to allow fluid to enter the
cavity 28 where the analysis electrodes 32 and 34 are located.

Figure 17 shows the cells used for sampling solids or powders. The cell of Figure 8
onto which the dry sample 58 to be analyzed has been applied or collected.

Figure 18 shows the cell of Figure 17 which has opened to allow contained fluid to
wet and dissolve the dry sample 58 enabling a concentration to be present at the analysis
electrodes.

Figure 19 shows a random addressing of cell elements using row and column
addressing. The address method comprises column address conductive paths 60, Row
address conductive paths 62 and ndividually addressed sample, analysis and delivery cells 64.

This method is used instead of a parallel addressing in which each cell has its own

conductive paths connecting to the controller as shown in Figure 2. For example 1024 cells
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organized in a matrix of 32 rows and 32 columns can be addressed sequentially by a 64-bit
connector to the controller of which 32 connections are for the row address and 32 are for the
column address. To perform simultancous sampling and analyses, the controller must
continually switch between sample analysis and delivery cells.

Figure 20 is a block diagram indicating some components of the controller and
wireless communication.

In the system the material, fluid or tissue under test interacts with the sampling
analyzing and delivery device that may be disposable, detachable and manufacture
configurable.

Controller Device Components comprise Connector devices, a multi-plexor, a
Electro-chemical Potentio- galvano-stat, a Disruption Current sensing & driving circuit, a
Controller, Micro-processor for measurement, logic, adaptive sequencing, data storage,
dynamic reconfiguration and to provide interface drivers, and a power management for
voltage regulation and battery charging and discharging.

The Wireless and Power Device Components comprises reception antenna, wireless
communications modules, RF power management and battery power storage.

Although the invention has been described in language specific to structural features
and/or methodological acts, it is to be understood that the invention defined in the appended
claims is not necessarily limited to the specific features or acts described. Rather, the specific

features and acts are disclosed as exemplary forms of implementing the claimed invention

Industrial Applicability
In the field of field of thereputic care and drug deliver there is significant interest in
trans-dermal sampling that is minimally invasive and can be used for continuous real-time

trace sampling of Interstitial fluid from the viable epidermis.
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What is Claimed:

1. A system for transdermal sampling comprising:
(a) a transdermal platform comprising a flexible substrate on which at least one

pair of sample electrodes are joined by a resistive element; and

(b) an enzyme anchor layer covering at least part of at least one of the sample

electrodes,

wherein said at least one pair of sample electrodes is adapted to provide voltage

pulses capable of creating capillary openings in a subject’s stratum corneum.
2. A method for transdermal sampling comprising:

(a) applying to a subject in need thereof a transdermal platform comprising a
flexible substrate on which at least one pair of sample electrodes are joined by
a resistive element, and an enzyme anchor layer covering at least part of at

least one of the sample electrodes;

(b) creating capillary openings in the subject’s stratum corneum by applying a
series of voltage pulses to the stratum corneum via said at least one pair of

sample electrodes; and

(©) contacting at least a portion of at least one of the sample electrodes with

interstitial fluid from the capillary openings.
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