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MEASURING AN ELECTROCHEMICAL
RESPONSE FROM A THREE-ELECTRODE
ARRAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of patent application
Ser. No. 17/034,067, filed Sep. 28, 2020, and entitled
“REAL-TIME AND LABEL FREE ANALYZER FOR IN-
VITRO AND IN-VIVO DETECTING THE SUSPICIOUS
REGIONS TO CANCER”, which is a continuation-in-part
of U.S. patent application Ser. No. 16/857,428, filed Apr. 24,
2020, and entitled “REAL-TIME AND LABEL FREE
ANALYZER FOR IN-VITRO AND IN-VIVO DETECT-
ING THE SUSPICIOUS REGIONS TO CANCER,” which
is a continuation-in-part of U.S. patent application Ser. No.
16/010,510, filed Jun. 17, 2018, and entitled “REAL-TIME
AND LABEL FREE ANALYZER FOR IN-VITRO AND
IN-VIVO DETECTING THE SUSPICIOUS REGIONS TO
CANCER”, which takes priority from U.S. Provisional
Patent Application Ser. No. 62/522,115 filed on Jun. 20,
2017, and entitled “DIAGNOSIS OF CANCER TUMORS
IN BIOPSY BREAST TISSUES” and U.S. Provisional
Patent Application Ser. No. 62/563,673 filed on Sep. 27,
2017, and entitled “CANCER DIAGNOSTIC PROBE”,
which are all incorporated herein by reference in their
entirety.

TECHNICAL FIELD

The present disclosure generally relates to cancer diag-
nosis, and particularly, to a system, sensor, and method for
diagnosing cancerous regions before and during surgery via
a real-time and label free approach.

BACKGROUND

Glycolysis is the intracellular biochemical conversion of
one molecule of glucose into two molecules of pyruvate,
which can be used to attain cellular energy. With the
assistance of sufficient oxygen, pyruvate could be converted
by pyruvate dehydrogenase (PDH) into acetylCoA which is
crucial in a metabolizing process to produce ATP in an
oxidative way. A physiological concentration of pyruvate in
human normal epithelial tissue has been reported to 0.7
mmol/g. Also the lactate-to-pyruvate ratio (I/P ratio) as a
reflection of cell’s redox state, illustrates the balance
between NAD+ and NADH+H+, depending on the inter-
conversion of lactate and pyruvate via lactate dehydrogenase
(LDH). The UP ratio in normal epithelial tissues is less than
20:1. Markers and assays have been developed to trace the
LADH, P, or UP in the patients’ specimen as diagnostic or
prognostic factors which reveal the interests on lactate based
cancer research. Moreover some methods have been devel-
oped to trace pyruvate by electrochemical methods with the
assistance of chemically labelled working electrodes. How-
ever, there is still no substitutive label free methods and/or
devices to replace expensive, complicated, and late-respon-
sive clinical methods and devices such as pathology assays.

Hence, there is a need for cost-effective, label free and
real-time methods and devices, especially sensors and
method to use thereof to detect cancer in suspicious regions
especially during cancer surgery like mastectomy to remove
involved regions with precise margins to reduce resection of
normal sites.
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2
SUMMARY

This summary is intended to provide an overview of the
subject matter of the present disclosure, and is not intended
to identify essential elements or key elements of the subject
matter, nor is it intended to be used to determine the scope
of the claimed implementations. The proper scope of the
present disclosure may be ascertained from the claims set
forth below in view of the detailed description below and the
drawings.

In one general aspect, the present disclosure describes an
exemplary apparatus for in-vivo measuring H,O, oxidation
within a living tissue. An exemplary apparatus may include
an electrochemical probe and an electrochemical stimulator-
analyzer. An exemplary electrochemical probe may include
a sensing part and a handle. An exemplary sensing part may
include a working electrode, a counter electrode, and a
reference electrode. An exemplary working electrode may
include a first biocompatible conductive needle coated with
a layer of vertically aligned multi-walled carbon nanotubes
(VAMWCNTs). An exemplary counter electrode may
include a second biocompatible conductive needle. An
exemplary reference electrode may include a third biocom-
patible conductive needle.

An exemplary handle may include an insertion part and a
releasing button. In an exemplary embodiment, the insertion
pan may be attached to the sensing part. In an exemplary
embodiment, the insertion part may be configured to be
inserted into a portion of the living tissue. In an exemplary
embodiment, the releasing button may be configured to
release the sensing part for replacing the sensing part.

In an exemplary embodiment, the electrochemical stimu-
lator-analyzer may be configured to generate a set of elec-
trical currents in the portion of the living tissue by applying
a set of electrical potentials to the electrochemical probe and
record the set of electrical currents by measuring an electric
current flowing from the counter electrode to the working
electrode.

In an exemplary embodiment, the electrochemical stimu-
lator-analyzer may be further configured to apply the set of
electrical potentials by applying a sweeping range of elec-
trical potentials between -1 V and 1 V to the working
electrode and measure the electric currents at the working
electrode after applying each electrical potential in the
sweeping range.

An exemplary electrochemical stimulator-analyzer may
include a potentiostat circuit. An exemplary potentiostat
circuit may include a control amplifier, a transimpedance
amplifier, a peak detector circuit, a feedback network, a
periodic wave generator, and a comparator circuit. An exem-
plary control amplifier may include a first control input, a
second control input coupled to the reference electrode, and
a control output coupled to the counter electrode. In an
exemplary embodiment, the control amplifier may be con-
figured to generate a control voltage at the control output by
amplifying a voltage difference between the first control
input and the second control input. An exemplary control
amplifier may include an operational amplifier (op-amp).

An exemplary transimpedance amplifier may include a
transimpedance output and a transimpedance input con-
nected to the working electrode. In an exemplary embodi-
ment, the transimpedance amplifier may be configured to
generate a transimpedance voltage at the transimpedance
output by amplifying a voltage of the transimpedance input.
An exemplary peak detector circuit may include a detector
output and a detector input coupled to the transimpedance
output. In an exemplary embodiment, the peak detector






