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with different capping agents demonstrate one possible method of controlling the

performance of this class of biosensor.

Table 3: Phenotype-based biosensor systems for tamoxifen and indinavir using different

electrochemical methods (the LOD values are all converted to ng/mL)

Techniques | Biosensor Detection | Limit of Dynamic Substrate
potential | detection | linear
V) (ng/mL) range (pM)
CcVv CYP3A4/3-MPA- 0.25 40 x 10° 1-9 Indinavir
PdTeQDs/Cyst/Au
CcVv CYP3A4/TGA- 0.9 90 x 10° 0.4-0.9 Indinavir
PdTeQDs/Cyst/Au
SWV CYP2D6/TGA- 0.3 9.52x 10° | 0.55-8.8 Tamoxifen
PdTeQDs/Cyst/Au
SWV CYP3A4/TGA- 0.28 1.75x 10° | 0.55-8.9 Tamoxifen
PdTeQDs/Cyst/Au
DPV CYP2D6/3,3’-DTDPA- 0.96 1.95x 10* | 0.55-3.3 Tamoxifen
PdTeQDs/Cyst/Au
DPV CYP3A4/3,3-DTDPA- 0.46 6.88 x 10° | 0.55-5.6 Tamoxifen

PdTeQDs/Cyst/Au

Generally, the LOD values obtained with the various phenotype sensors were lower than

tamoxifen’s maximum steady state plasma concentration (Cmax 40 ng/mL), thereby indicating

that the sensing device, in principle, would be suitable for real time monitoring the drug at

point-of-care. This means that the biosensor can be applied for drug detection in patients who
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are ultra-rapid metabolisers that clear drugs from their systems very quickly. Based on the
low DLR values studied, the biosensor systems are very sensitive (down to femto-molar
concentrations) and suitable for signalling drug metabolic activity in real time. In this study,
two heme-thiolated CYP450 enzymes (CYP3A4 and CYP2D6) participate in
biotransformation of TAM to its active metabolite. The obtained results suggest that N-
desmethyl- and 4-hydroxy-TAM formation accounts for approximately 92% and 7% of
primary TAM oxidation, respectively. The biotransformation results obtained in DPV studies
may serve as a basis to predict and estimate the contribution of those metabolic pathways and
CYP450s relevant to TAM clearance and its conversion to pharmacologically active
metabolites in vivo at therapeutic concentrations. This work is very important and aimed to
improve the quality life of women, particularly breast cancer patients. The phenotype based
biosensor system will lead to proper drug prescription arising from a point of care testing of
the patient’s response to drug administration. In addition, the sensing protocol will be suitable
for the use at doctor’s office to provide a patient’s full response pattern for tamoxifen, and
therefore, assist the doctor to determine appropriate dose. Hopefully in future the phenotype
based biosensor system will be available in pharmacies and hospitals for monitoring a proper

dosage of tamoxifen for breast cancer patients.
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7.2 Recommendations for future studies

Further studies of phenotype based biosensor systems and applications are discussed below.

> Determination of tamoxifen activation in HeG2 and Hep3B human hepatoma cell

lines as well as developing drug toxicity testing protocol for cell lines.

> Individual electrochemical sensing of tamoxifen and its active metabolites (N-
desmethylTAM. 4-HydroxyTAM, and endoxifen) using direct electrochemistry or

enzyme/aptamer-based biosensors.
» Testing of bi-polar tamoxifen phenotype base biosensor system with clinical samples.

> Application of the phenotype based biosensor for detection of toremifene (an analog

of TAM) since it is also taken by breast cancer women at high risk.

> 96-well multichannel robotic electrochemical system must be studied to understand

the metabolic pathway (clearance) of tamoxifen drug.

» Integration of tamoxifen metabolism reaction steps using a single microfluidic sensor
system that will consist bi-polar reactors for enzymes catalysis and reactors for the

detection of metabolites.
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