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Cardiac arrhythmias
Schizophrenia '
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For depression, the data apply specifically to the drug class known S _,
as selective serotonin reuptake inhibitors.
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Source: Brian B. Spear, Margo Heath-Chiozzi, and Jeffrey Huff,
“Clinical Application of Pharmacogenetics,” Trends in Molecular |l
Medicine (May 2001). " &



Personalized Thera and |.M.D.
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:‘» 1Drug dispensing
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The Development of new Implantable Medical Devices

1s a key-factor for succeeding in Personalized therapy
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New development for the Nano-Bio-Sensors

ﬁ TARGETS
‘ Exogenous \
metabolites
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Oxidases for Biomarkers detection

Glucose, or Lactate, or Cholesterol, etc ...

Product
Oxygen
@ ® .

Hydrogen peroxide . Oxidase

Amperometric
2€-/ Detection !
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Cytochromes P450 for Drugs Detection

RH (e.g. benzphetamine )

From electrode
NADPHA§ )
| Cytochrome
P450 2B4

Drugs detection !
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faster secreted



Problems on Detection Limits
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Angus, J; et al. / Clinical and experimental pharmacology & physiology, 1982, 6, 15
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S. Joseph et al./Biochemical Pharmacology 65 (2003) 18171826

Detection of verapamil by 3A4, an antihypertensive
drug, was from 400 uM to 3mM while its

therapeutic range 1s below 0.3 uM
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Nano-Bio-Sensors Macro-Assembly
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Boero et al. / IEEE PRIME 2009
Boero et al. / IEEE ICME 2010
Carrara et al. / Biosensors and Bioelectronics 2011
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Nano-Bio-Sensors Micro-Spotting
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New Challenges on CNT integration
directly onto Silicon chips

RANDOMLY ORIENTED

VERTICAL

S

BENDED

Taurino et al. / Electrochem. Comm./2011 submitted
Taurino et al. / Sensors and Actuators B, 2011 submitted
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Carbon Nanotubes contribute
to Redox Reactions Efficiency

Nernst equation

Randles-Sevicik equation

Cottrell equation
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Benzphetamine detection by means of P450 2B4
immobilized onto Single Walled Carbon Nanotubes
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Randles-Sevcik Effect

Figure 1
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Cholesterol detection by means of P450 11A1
immobilized onto Multi Walled Carbon Nanotubes
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Improved Detection Limit In
Drugs detection

COMPARISON BETWEEN CP DETECTION LIMIT AND SENSITIVITIES
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S.Carrara et al. / Biosensors and Bioelectronics, i press

Cyclophosphamide (CP), an anti-cancer agent,
detected by P450 3A4 onto MWCNT
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Improved Sensitivity In
Peroxide Based Detections
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Drugs for treating Breast Cancer

Good
) . concentration , ,
o acologicse plvec drug AbC
ranges for
Cyclophosphamide®-®) 2,68-76,6 uM | the sensitivity of
our technology !
Etoposide®-®) 33,98-101,94 3A4
Ifosfamide® 10-160 9/ 34
V2B6
Mitoxantrone® 1,8%1 uM / 3A4
1B1 ()
Tegafur® M-10 uM / 1A2
(contain Fluorouracil) 2A6

The CYP in the table are sorted according to their importance in the drug metabolism.
The simbol (-) means that the CYP isoform is involved as the minor enzymatic components in the drug metabolic pathway.
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Measurement in Serum !

Sensitivity (nA/ Detection limit
HM*mm?) (kM)

Pharmacologic P450
al range (MM) enzyme

Cyclophosphamide 2.68-76.6 2B6 1.021 0.279 1.935 13.81
Ifosfamide 10-160 3A4 1.602 0.430 2.018 7.086
Ftorafur 1-10 1A2 8.832 3.469 0.646 0.957
Etoposide 33.98-101.94 - 73.73 9.142 0.046 0.476

CLOTTED
BLOOD




Breast can ugs cockt

ophosphamide, doxorubicin and 5-fluorouracjt’ (CAF)®);
uorouracil, epirubicin, and cyclophosphamideXFEC)®)(11)12).
fluorouracil, doxorubicin, and cyclophosphamide (11)(12);
*|fosfamide, Carboplatin, Etoposide (ICE));

sifosfamide , metho- trexate and 5-fluorouracil (IMF)®);
«cyclophosphamide, mitoxantrone, and etoposide(12),

[8] New England Journal of Medicine, The [0028-4793] Hortobagyi yr:1998 vol:339 iss:14 pg:974
GABRIELN. HORTOBAGYI, M.D.

[9] Cancer Chemother Pharmacol (1999) 44 (Suppl): S26£528

A.Y. Chang, L. Hui, R. Asbury, L. Boros, G. Garrow, J. Rubins

[10] Journal of Clinical Oncology, Vol 22, No 12 (June 15), 2004: pp. 2284-2293

M. Ayers, W.F. Symmans, J. Stec, A.l. Damokosh, E. Clark, K. Hess, et al.

[11] Journal of Clinical Oncology, Vol 21, Issue 13 (July), 2003: 2600-2608
Manfred Kaufmann, Gunter von Minckwitz, Roy Smith, Vicente Valero, et al
[12] The Lancet [0140-6736] Weiss yr:2000 vol:355 iss:9208 pg:999
Raymond B Weiss, Robert M Rifkin, F Marc Stewart, Richard L Theriault, et al.
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Different Drugs give peaks
in different positions

Substrate/inhibitor of CYP2C9 K, (pL.M) K; (pLM) CYP2COImV) Eia CYP2C9 + substrate (mV)

Torsemide (s) 114 —41 —19
Diclofenac (s) 6.8 —41 —41
Tolbutamide (s) 120" —41 —37
S-Warfarin (s) 6" —41 -36
Sulfaphenazole (1) 0.1° —41 —41
COyy —41 8

D.L. Johnson et al./Biochemical Pharmacology 69 (2005) 1533-1541
(v )

iV)=i.(V)+) Ae ™

‘ Vk
Charging current ‘
Faradic currents

The cytochrome P450 2C9 presents peak shifts in the
range of tens of mV by changing drug substrates
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The Hetero-tropic Kinetics=

® Enzyme ACTIVATION

s

e Enzyme INHIBITION
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Multiple drugs detection: CYP3A4
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Cyclophosphamide (CP) and Dextromethorphan (DX)
detection by P450 3A4 onto MWCNT
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Multiple drugs detection: CYP2C9

Current ( A)

2.00 _
CYP2C9 + Flurbiprofen 200 M
1.80 - Peak variation upon naproxen addiction
1.60 -
1.40 -
1.20 - Activation of
100 - FL detection
== naproxen 0 uM
0.80 4 : === naproxen 200 uM
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0.40 ~ I I
I 1
0.20 A : : FL
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Potential vs Ag/AgCI (mV)
Naproxen (NP) and Flurbiprofen (FL) detection
by P450 2C9 onto MWCNT
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Peaks Amplitude is affected

Substrate/inhibitor of CYP2C9 K, (pL.M) K (p.M) CYP2C9 (mV) Eia CYP2C9 + substrate (mV)

Torsemide (s) 114 —41 —19
Diclofenac (s) 6.8 —41 —41
Tolbutamide (s) 120° —41 —37
S-Warfarin (s) 6" —41 —-36
Sulfaphenazole (1) 0.1° —41 —41
CO., Dependence from the other drug, concentrations

D.L. Johnson et al./Biochemical Pharmacology 69 (2005) 1533-1541

(v_wv \-

i0=i,07+3 T4 ])

‘ Yk V=

Charging current
Faradic currents

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

S.Carrara et al. / Biosensors and Bioelectronicg, in press

S.Carrara, EPFL Lausanne
(Switzerland)



The Problem of
multi-panel arrays response

Bio-sensor Voltammogram Plot I

Intelligence

(Switzerland)



Developing of the full system
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G. De Micheli et al. / DATE 2011

Data Processor Unit

Building-block diagram for a biosensing platform
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A reliable full system requires:

1.

2
3.
4

N

Precise Current measurements
Multiplexing for different molecules
Reliability in Temperature and pH

Multiplexing Molecular Detection with T
and pH

Reliable in sweeping the Voltage
Security

Privacy
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1.

Precise Current measurements

Time Baased Potentiostat

s I
[ I o -
vin -\: : e T AL 'Lcounter :
N > ' : L Vref !
Jd_1L__/ WE comparator
| E: 5
l _<
' |
: [WE — f counter

NARULA AND HARRIS: [EEE SENSORS JOURNAL, VOL. 6, NO. 2, APRIL 2006

Current-to-frequency converter
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2. Multiplexing Molecular Detection

Current 10 hrqu—:n« ¥

Converter

al. et S.Carrara/ |IEEE Sensors 2010

Different working electrodes are multiplexed
to the current-to-frequency converter
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Potential vs Ag/IAgCI (mV)

3. Reliability in Temperature & pH

Peak potential shift induced by pH
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4. Multiplexing Molecular
detection with T and pH

Electrochemical Temperature pH Current-to-Frequency _V%Ut
Sensor Sensor Sensor Converter
l Icell
l lconv

__1__Sensor Selector (55) g~

M25

I
L.
|
1

M2 :| H—1"%

S| SS
M3 JH—o 13 o ,_2 6——][ m26

= d = 1

ISWitChCell Switchremp Switches I S.Carrara et al. | IEEE BioCAS 2010

Figure 8. The bloks-scheme of the multiplexing

The switches also multiplex the T and pH measure
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5. Reliable for Sweep in Voltage
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Voltage [mV vs Ag/AgCI]

Sweeping the voltage 1s definitely required to distinguish
each single drug contribution in the Voltammogram
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. Sweep in Voltage
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The Direct Digital Synthesis (DDS) method to generate the
triangular voltage waveform and based on Capacitor
charging/discharging Method
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6. Security
Performance Monitor |PfOC€SS SenSOFI

Equivalent NBTI
stress-time

Molecular sensors

Process
Feedback

Thermal
Feedback

Circuit-level| Performance model
Estimate ADNB'n

_

Calibrate NBTIl-affected

gate-fraction estimate Minimize [|Dactual-Dnei-modall

System Check: Online path-delay

measurement (Dctuar)
B.Datta & W.Burleson, GLSVLSI 2010

On line reliability by novel collaborative monitoring
frame-work to track circuit level performance degradation
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7. Privacy

Sensors @
{ f
® \ / ®
K ’ Storage Site
T~ | meeeeeeee-- -
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® ;
A .~ Query storage

\ ~ Depository

Query BSN directly = [L

C.C. Tan et al., WiSec 2008
Lightweight 1dentity-based encryption system
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Conclusions

P450 Cytochromes are required to detect
Exogenous metabolites (Drugs)

Oxidases are required to detect endogenous
metabolites (bio-markers)

Carbon Nanotubes are required to improve
sensitivity of electrochemical detection

Data analysis is required to improve
specificity on exogenous compounds

New CMOS design is required to develop
Dedicated systems for molecular detection

New system architectures are required to
improve and assure Security and Privacy
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