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ANALYTES - Tricyclic antidepressant drugs (TCAs)
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v’ Structure contains three rings of atoms

=U')
v O
£ R
L o
25
v ©
s a
5 G
<35
'gcu

€
T o
O m
ST
S G
O £
< v
o £

(]
25
> O
@]
[Fr

v’ First trial of Tofranil in 1955 in Munsterlingen Hospital in Switzerland
v" Applied for affective or ‘mood’ disorders treat (depression, neurosis, etc.)

v" Drug realise is cytochrome P450 dependent, controlled genetically,
by external factors (other drugs and substances) and individually
(age, race, health status)




ANALYTES - Tricyclic antidepressant drugs (TCAs)
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acetylcholine
5-HT

e v’ Re-uptake of biogenic amines

" histamine
SR . <<t (mainly: noradrenaline, serotonin)
nerve terminal .
mitochondria b I OC kl ng‘
v Some TCAs can block reauptake
of dopamine as well

5-HT ﬂk noradrenalihe

re-uptake re-uptake

ransporter transporter . .
e * cholne serotoninergic (SHT1 & 5HT2)

histamine . .
S receptor muscarinic and histamine receptors
g o1
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v’ Operate with muscarine,
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http://www.cnsforum.com/imagebank/item/Drug_TCA_efficacy/default.aspx
European Neuropsychopharmacology, 16 (2006) S625-S632
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ANALYTES - Tricyclic antidepressant drugs (TCAs)

v’ Not classified as addictive drugs, but some discontinuation syndrome

symptoms can be observed

v’ Side-effects mainly related to the antimuscarinic properties of TCAs

v’ Strong amplification of side-effects especially while TCAs are overdosed

ddry mouth and nose,

Ublurry vision,

O lowered gastrointestinal motility
or constipation,

Wurinary retention,

cognitive/memory impairment,

Wincreased body temperature,

changes in appetite and weight,

sweating,

sexual dysfunction,

dnausea and vomiting,

anxiety.

ddrowsiness,

demotional blunting (apathy/anhedonia),
Wconfusion,

restlessness and weakness,
dizziness,
hypersensitivity,

muscle twitches,
hypotension,
tachycardia,

Qirregular heart rhythmes,
hallucinations,

ddelirium and coma.



TACs DETERMINATION METHODS
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v’ Separation by:
1 Chromatography

U Electrophoresis

v’ Detection by:
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1 Spectrophotometry

O Electrochemical




APPROACH
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v’ Design and fabrication lab-on-a-chip with amperometric electrodes for
detection of psychotropic drugs content in saliva (oral fluid).
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WORKING ELECTRODE MATERIAL

m,
s
PL| e | | Era [ e | e |
g § 2 835 -850 1-100 23 0.9819
% § SP graphite 5 0.0-1.2 770-870 1-25 68 0.8454
g § 7 870-785 1-25 86 0.9257
§ ?, 2 855 - 895 1-100 15 0.9871
g g SP carbon 5 0.0-1.2 805-910 1-25 59 0.9806
% g 7 750 — 855 1-25 88 0,9789
L 2 - - - -
Platinum 5 0.0-1.1 — — — —
7 800 - 870 5-75 9 0.8884
2 730 10 - 2000 284 0.9857
Gold 5 0.0-0.8 400 10-200 433 0.8800
7 520 5-200 603 0.9064
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GOLD THIN-FILM WORKING ELECTRODE

10" Conference “Elecron Technology™ ELTE2010,
Wrocksw, 22 - 25 September 2010

Microclectrodes for Amperometric Psychotropic Drug Detection

Anna Baraniecka', Beata Rozum', Marek Dawgul', Dorota G. Pijanowska'=,
Marianna Gorska®, Rafal Dobrowokki®, Anna Szerling’,
Krzysztof Domafski®, Piotr Grabiec®, Jan M. Lysko®
'Napcz insasue of Bocybernescs and Bomedical Enpincering, Poluh Academy of Sciances,
ul. Ke Trodamad, 02-109 Warsawa, Poland
“Instinde of Electron Technology, AL Lotniksw 3246, 02.688 Warcawa, Poland

Key words: amperomenric desoction, peycdhomopic dng detoction, silicoa i baology

ABSTRACT

Design and techmology of sikicon hips with ek des for detecton of paychotropic
drugs content i mliva wes proposed Fach silicon micockip comsists of three metal electrodes with
ndividml handmg pads. PUTI e AuTi two metal hayers woe appliod, whee Ti nmo-hyer seves o
improve dectrods adbesion to e SI0; biyer (Fig 1) One of the clectrodes is spobed as a reference
electrode. It & seloctively covered by the thick silver hiyer and then chioinated. Technology is hased on
e ol technig. standiard phot iy with use of the nck photorasit layer, metal thm
layers deposition and resist dissokstion. Chips were assembled on PCB and insalged with e cpoxy
ram. The ekectrada were sesied for d of - wigyche pound, used as an
antdepresant

Fig | Amg wric Sin-flm PrTi dectrades an silicon assembled an PCB

e
’ [e—— Pt

MNS-DIAG “Micro- amd Nama- Syssem for Chemis try amd Biomedical Diagroics” - Project financed by the
EU(European Regional Development Found ) within 9w POIG Programme.
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pH

Sensitivity
[RA/uM]

R2 Ep [mV] Linear range
P of conc. [pM]

0.2843

0.9857

730 10-2 000

0.4329

0.8800

400 10-200

0.6032

0.9064

520 5-200

I [nA]

0.50

0.25

0.00

buffer, pH 7
——IMI5 M
—— IMI 10 pM
—— IMI 50 pM
——1MI 100 pM
——1MI 200 pM

0.25

0.50 ' 0.75
E[V]
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Technika sensorowa

GRAPHITE WORKING ELECTRODES

Hiuletys Polsxiego Towarzystwa Technis) Sensorows|
sotomany przez Miristorstwo Nauts | Szkoinictea WyTsTego

Biochemiczne metody do oznaczania substancji
psychoaktywnych

doc. dr hab. inz DOROTA G. PIJANOWSKA, mgr BEATA ROZUM,
prof. dr hab. inz. WLADYSLAW TORBICZ
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GRAPHITE WORKING ELECTRODES/FIA
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Analityka dia spoleczenstwa KX wiekuy
Krakaw; 4:9 linca 2010,

. 17" INTERNATIONAL CONFERENCE ON FLOW INJECTION ANALYSIS
INCLUDING RELATED TECHNIQUES
KRAKOW, JULY 3 -8, 201l
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GRAPHITE WORKING ELECTRODES/FIA

=
[P
Sens. Uncertainty range
Flow rate[pl/min] y rang R2

S [A/uM] [%]
v O
E B
Q é 100 2.1 1.1-2.3 0.9990
A _?_é’ 300 3.0 2.1-3.7 0.9963
e (EU 500 2.9 1.0-2.3 0.9988
O
_i % 700 3.9 1.5-2.0 0.9987

(]
S g 1000 3.4 0.6-6.8 0.9922
° @
e
S S
25 08T o
= é’ - 05850 75 M 0.12 Ip = 0.0932 +/- 0.0033 pA (n = 12)
1 7] = °o
é 5 gms | ] RSD = 3.5%

L — 044 |- 50 pM

kS < 1 . 0.08 -

5 °'°°o 25 50 75 <
-— CIMI [pM; 3
0.2 = 0.04- U \J
UL wawthk
0.0 0.00
0 3 6 9 12 15 0 10 0 30 40




NEW TECHNOLOGY OF SENSORS FABRICATION
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ROBOT-FABRICATED ELECTRODES
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ELECTROCHEMICAL MODULE AND AMPEROMETRIC SENSORS
FOR TRICYCLIC ANTIDEPRESSANTS DETERMINATION

B. ROZUM, K. DUDZII\'ISKI, D.G. PUANOWSKA®,
w Notecz institute of Biocybemetics and Biomedical Engineening, Polish Accdemy of Sciences
* e-moil: dp:;icqowskc@ibib. wow.pl; tel: (48 22) 6599143 ext.: 141
P. KNIHNICKI, P KOSCIELNIAK, A. MOOS, J. NOWAK, M. WIECZOREK,
R. WIETECHA-POStUSZNY, M. WOZNIAKIEWICZ
Foculty of Chemistry Jogiellonicn University

INTRODUCTION

imipramine (M} end cdesipramine (DEZY] belong @ ¢
20 8 group of tacycic antidepressarts (TCA] which are widely
e

empioyed in psychimric disorcers, like: Cepression, neurosis,
etc Our epprosch i3 to CJesgn end  fbricate

RDONe-Chp With electrophoretic  sepemtion  moduie
BNT BMPErOMEIric SINCroses Br OREXON Of PIYCNOIOPKE e |
anugs comtent in salive

A2 S wesen sl oy

ELECTROPHORETICMODULE

The mocuie i doudle T type. and 2 8 woritng
at voltages: 230 V by sampie injection and 300 V
by elecrophoresis. The mein channel length is
63 mm. The preeliminary Wvestigations were
performed weh ayes: Suoresceine
and rnodamine R. The seperation procedure tetes
12 man,

Electrophoretic module with Elecirophoretic moduie on the
Eo e § S IHEMOLIRCTC COOLNG Ot e

AMPEROMETRICSENSORS
Sensors (BB PAS| were tested for the determination of imipramine and desipramine
Measurements were carried Out using working and counter graphite elecrodes. An externsi
reference satursted calomel electrode (SCE: Thermo, Poland| was spplied. Electroche mics!
measurements were performed using PeimSens potertiostat (Pailm Instruments BV, Netherends)
empioying cycic voRammetry (CV).
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ROBOT-FABRICATED ELECTRODES

=

[ ~%:] A new Approach to Tricyclic Antidepressants Detection
Based on Graphite Microsensors Fabricated by an Innovative Method

Beata Rozum, Moarek Dawgui, Jerzy Xruk, Wiadystaw Torbicz, Dorota G. Pijonowsko

Nalecs Institute of Biocybemetics and Biomedical Engineenng, Polizh Acodemy of Sciences, Worsow, Poland

INTRODUCTION

Tricpdlic artidepressant compounds belong 1o te group of pachotropic drap, which are widely sppiied for iffective or ‘moad’ dbordens treatment [depression,
o, bl nervoss, e1c). Deagite thel Berapeutic sction, TAC an cruae Mo sbie-eMects Induding: chest pain, blarmed vakon end pank attacia. Toskc-
affects can be induced especily whin overdoued andfor drap Mgh-dose b combiond with alichol. Therefore, the detection of TAC concentration in pathents’ body
Nabis becamm an 1=go et erelyt el sk,

Nowsdeys, dwomatogreshy, slecvophonsh, spectiophotomatery snd electrochemitry are the =ost frequertly wsed mathods of TACY determination.
0 this study. we ropos a si=ghe =ethod for guantuative tricydc detectior sbw mcrcsersan libricated 15 e rew Sech oy

THE FABRICATION OF ELECTROCHEMICAL SENSORS

¢ Nowel mathad of deposition based on & desitop X2-digersleg rebot (325 Ultrs T 6D, USA)

¢ Lirms down 10 0.2 s width snd ca. 0L03 s thick

¢ Campies geametric pamerrs for slectrical cortact peds, orductive peths, sarsing aress and nudetion
loyers :

Ful compatitiliy of commercially svalable materish desgred for scmensrinting: shar (S00) Dufort), i
wreshhe (L9528, ITME Poland) end inudation (7155 Dufont) pastes orto & poiyessar foll (Auncetat CTT) -
/The aompiete electrochemica’ cels corahiing of greshie working and Gounter and sbverfilver dhicride
refarercs enctrode

< dvarage. mateles bot aed aost eduction, Teeblity i des gn eed cettar kg ssplable fo toth raghd
pronotpping of test semzies and mas production
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Optimized

TCA

iMI

AMI

DOX

Linear conc.
range [uM]

1-25

0.1-25

0.1-10

Sens.
[nA/uM]

86.0

27.6

32.0

Oxidation E
[V]

0.780

of Vg e et degresaat dul
< imigramine b determinnd with the highast senslivity (213 rA/M) and the lomest potentisl of prak aurent (+0.77 V) comparing o ofher TACS
7 ad ritifh by s wel a3 in intures 3 posdbie

‘Pbrmmunh’u‘lﬁlw‘vu.mlud n e presence of ctter TAC when buffer solution of pH 2 b ued & o becuroud electralyte

L 0] e R

| [nA]
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ROBOT-FABRICATED ELECTRODES

3_
IMI, AMI, DOX
5 IMI
<
= 1
- AMI
| DOX
0.0 0.4 0.8 1.2
E[V]
1.6-
IMI + AMI
IMI + DOX

04 08 1.2
E[V]

1.6 10 uM
5uM
< 0.8-
= 2 uM
0.0-
0.0 0.4 0.8 1.2
E[V]
1.6-
IMI AMI + DOX
i
2 0.8 pH 7
=
0.0 PH 2
0.0 0.4 0.8 1.2
E[V]
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Parameters optimized for IMI: 4
-0.4
i Ip [WA]] ./-/'—+/. Ep [V]
2 8 L.p. | Parameter Value 3 03
g 8 ] <«
F D 0.2
- 1 Eges oV 2. / 0
C = -0.1
z g 2 Eenp 1V 1
T o
S 5 3 Estep 0,023V ool 002 003 004 005
55 4 Epuise 0,650 V E step [V]
S G
o = 5 Econp oV
< 5 3 0.50
2 E, 6 Eoep oV o V]
=i 7 Scan rate 0,030 V/s P
8 touLse 0,010 L0.25
9 tconn Os
10 toep Os
11 teq 2s "0 e0 | 70 o0
E step [V]
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SUMMARY

IBIB
PAN

RESULTS:

» Graphite and gold sensors chosen for TCAs detection;

» New sensor fabrication method with microdosing robot;

» Measuremants in the stationary and flow-mode conditions;
» Detection of TCAs in mixture;

» DPV inceases the sensitivity of TCAs determination;

MNS-DIAG “Micro- and Nano- Systems
for Chemistry and Biomedical Diagnostics”

NEXT:

» Attempts of saliva samples analysis.
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