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R-OH

P450 in Drugs MetabolismP450 in Drugs Metabolism

RH (e.g. benzphetaminebenzphetamine )

H-O-H

NADP+

Cytochrome
P450 2B4

Oxidized form
more soluble

then
faster secreted

O2
From electrode

Drugs detection !
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3.6 nm3.6 nm

5.2 nm5.2 nm

4.9 nm4.9 nm
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Technology Demand Technology Demand 

Technology demand in Personalized Cure is also for Point-of-Care 
devices enabling sub-daily monitoring of the supplied therapy

reliable 
VLSI circuits

Specific & 
Sensitive probes
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Talk OutlineTalk Outline

� Suitable CMOS circuits
� Probe Sensitivity
� Probe Specificity
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Redox reactions from VoltammetryRedox reactions from Voltammetry
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Detection ArchitectureDetection Architecture
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Input Signal GenerationInput Signal Generation
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Input Signal GenerationInput Signal Generation

�=
t

f (t)
�= dttfI )()(t

t

�=
t

f (t)

t



S.Carrara, EPFL Lausanne 
(Switzerland)

10



S.Carrara, EPFL Lausanne 
(Switzerland)

11

b

Further improvement from 
Current-To-Frequency Conversion
To improve current enstimation
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Talk OutlineTalk Outline

� Suitable CMOS circuits
� Probe Sensitivity
� Probe Specificity
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Problems on Detection LimitsProblems on Detection Limits

Detection of verapamil, an antihypertensive drug, 
was from 400 µM to 3mM while its therapeutic 

range is below 0.3 µM

0.3 uM

Therapeutic 
Range

Biosensor Sensitivity
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A good coupling between P450 A good coupling between P450 
and the Electrodeand the Electrode
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Where are the CNT contributions Where are the CNT contributions 
to Redox Efficiency?to Redox Efficiency?
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Shift in Peak PotentialShift in Peak PotentialE

NernstianNernstian EffectEffect

A shift in the Peak Potential is observed when the P450 
Activity is mediated by Single Walled Carbon Nanotubes
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The Peak Current is larger when the P450 Activity is mediated The Peak Current is larger when the P450 Activity is mediated 
by Multi Walled Carbon Nanotubesby Multi Walled Carbon Nanotubes

Peak current enhancementPeak current enhancement

RandlesRandles --SevcikSevcik EffectEffect
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The P450 11A1 performance in detecting Cholesterol is The P450 11A1 performance in detecting Cholesterol is 
Enhanced by a factor 10x by using MWCNTEnhanced by a factor 10x by using MWCNT

P450 11 A1 on CholesterolP450 11 A1 on Cholesterol

Electron Transfer Electron Transfer 
EnhancementEnhancement
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P450 2B4 on BenzphetamineP450 2B4 on Benzphetamine

P450 2B4 performance in detecting Benzphetamine is P450 2B4 performance in detecting Benzphetamine is 
enhanced by a factor 4x by using MWCNTenhanced by a factor 4x by using MWCNT

x4



S.Carrara, EPFL Lausanne 
(Switzerland)

20

Sensitivity Sensitivity vsvs Detection limitDetection limit

Detection limit scale with Sensitivity

Nano!

Lower 
Detection Limit
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P450 2A4 on P450 2A4 on CyclophosphamideCyclophosphamide

Cyclophosphamide (CP), an anti-cancer agent, 
is detected by P450 3A4 in its therapeutic range 

CP Therapeutic Range
Without MWCNT !
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Talk OutlineTalk Outline

� Suitable CMOS circuits
� Probe Sensitivity
� Probe Specificity
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bile acid7A1

thromboxane A2 synthase5A1

Arachidonic acid4A11

Cholesterole11A1

testosteroneHMG CoA Reductase 
Hinibitors, Anti-arrithmics, 
Calcium channels blockers

3A4,5,7

Anti-obesity2B4

Beta blockers2D6

Hypoglicemic agents, 
Angiotensin Blockers, 

2C9

Endogenous metabolic molecuelsDrugs priciplesCYP cytochromes

Applications in Drugs MonitoringApplications in Drugs Monitoring
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Problem of multiProblem of multi --response response 
arraysarrays

E1 E2 E3 E3

S1

Bio-sensor Voltammogram Plot

Intelligence

S1*

S1

S1*

S1

S1*

S2

S2*
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Different Drugs give Different Drugs give 
peaks in different positionspeaks in different positions

The cytochrome P450 2C9 presents peak shifts in the 
range of tens of mV by changing drug substrates

Faradic currents
Charging current
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Multiple detection of Cyclophosphamide (CP) and 
Dextrometorphane (DX) by using P450 3A4

CP
DX

Peaks signature from each Peaks signature from each 
single Drugsingle Drug
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Peak SignaturePeak Signature

Improved experimental conditions allow 
better drugs discrimination

DX300 CP500 - fitting improvement (D)
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Problem of Problem of HeterotropicHeterotropic KineticsKinetics

� HETEROACTIVATION

� PARTIAL INHIBITION

D1

D2

D2 D1D1
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Peaks Amplitude is affected by Peaks Amplitude is affected by 
the presence of other drugsthe presence of other drugs

The Gaussian decomposition in cytochrome P450 based 
detection has to account for heterotropic kinetics

Faradic currents
Charging current

Dependence from the other drug concentrations
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A general approachA general approach

The equations we need 
for the  

in the case of etero-
inhibition/-activation 
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We need of a proper equations set for a general 
approach to heterotropic detection 

A general approachA general approach
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Simulated Detection of CP and DX 
in the case of hetero-inhibition 

A general approach for Drug A general approach for Drug 
interactionsinteractions
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Simulated Detection of two drugs 
in the case of hetero-activation 

A general approach for Drug A general approach for Drug 
interactionsinteractions
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SummarySummary
� VLSI CMOS architectures are required for 

low costs & low size Point-of-Care devices
� Cytochromes P450s are key proteins to detect 

commonly used drug compounds and disease 
biomarkers

� Chip with more intelligence are required to 
improve specificity

� Carbon Nanotubes are required to improve 
detection sensitivity & detection limit

� Nanotechnology is not 
only useful for Nanobama
fabrication!!!



S.Carrara, EPFL Lausanne 
(Switzerland)

36

Thanks to:Thanks to:

Funds from EPFL and “Nano-Bio-Chip Technologies “ project 
funded by System Integration Centre

� Andrea Cavallini

� Cristina Boero
� Jacopo Olivo

� Frank Gürkainak
� Abhishek Garg

� Dino Albini
� Luca Benini

� Victoria Shumyantseva
� Uwe Fuhr

� Giovanni De Micheli



S.Carrara, EPFL Lausanne 
(Switzerland)

37

Coordinates
Dr. Sandro Carrara Ph.D
Integrated Laboratory Systems
Swiss Federal Institute of Technology (EPFL)
CH-1015 Lausanne

Web: http://si2.epfl.ch/~scarrara/
email: sandro.carrara@epfl.ch
email: sandro_carrara@yahoo.it

Thank you for your attention!Thank you for your attention!


