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collection and pretreatment



M
N

S-
DI

AG
 “M

ic
ro

-a
nd

 N
an

o-
Sy

st
em

s 
fo

r C
he

m
ist

ry
 a

nd
 B

io
m

ed
ic

al
 D

ia
gn

os
tic

s”

MNS-DIAG,  Subproject 1., Part A, POIG.01.03.01-00-014/08-02
Lab-on-a-chip with electrochemical detection for psychoactive substances

analysis in saliva samples (E-LoC)

COLLABORATION

Nałęcz Institute of 
Biocybernetics and 

Biomedical Engeneering, PAS

Prof.  D.G. Pijanowska 

B. Rozum (Ph.D.)
K. Dudziński (Ph.D.)
M. Dawgul (Ph.D.)

M. Filipiak (student)
R. Darłak (student)

IBIB
PAN

Faculty of Chemistry,
Jagiellonian University 

Prof. P. Koscielniak

M. Wieczorek (Ph.D)
R. Wietecha-Posłuszny (Ph.D)
M. Woźniakiewicz (Ph.D)

P. Knihnicki  (M.Sc.)
A. Moos (M.Sc.) 

J. Nowak (student) 

Institute of Electron Technology



M
N

S-
DI

AG
 “M

ic
ro

-a
nd

 N
an

o-
Sy

st
em

s 
fo

r C
he

m
ist

ry
 a

nd
 B

io
m

ed
ic

al
 D

ia
gn

os
tic

s”

ANALYTES - Tricyclic antidepressant drugs (TCAs)

N

N
CH3

CH3

IMIPRAMINE (IMI)

N

NH
CH3

DESIPRAMINE (DES)

 Applied for affective or ‘mood’ disorders treat (depression, neurosis, etc.)

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

 Structure contains three rings of atoms

 First trial of Tofranil in 1955 in Münsterlingen Hospital in Switzerland
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ANALYTES - Tricyclic antidepressant drugs (TCAs)

 Re-uptake of  biogenic amines 
(mainly: noradrenaline, serotonin) 
blocking. 

 Some TCAs can block reauptake 
of dopamine as well

 Operate with muscarine, 
serotoninergic (5HT1 & 5HT2) 
and histamine receptors

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)

dry mouth and nose,
blurry vision,
 lowered gastrointestinal motility 

or constipation, 
urinary retention,
cognitive/memory impairment,
increased body temperature,
changes in appetite and weight,
sweating,
sexual dysfunction,
nausea and vomiting,
anxiety.

 Side-effects mainly related to the antimuscarinic properties of TCAs

 Not classified as addictive drugs, but some discontinuation syndrome 
symptoms can be observed 

 Strong amplification of side-effects especially while TCAs are overdosed

drowsiness,
emotional blunting (apathy/anhedonia),
confusion,
restlessness and weakness,
dizziness,
hypersensitivity,
muscle twitches,
hypotension,
tachycardia,
irregular heart rhythms,
hallucinations,
delirium and coma.
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TACs DETERMINATION METHODS

 Separation by:

 Chromatography

 Electrophoresis

 Detection by:

 Spectrophotometry

 Electrochemical 



separation
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APPROACH

 Design and fabrication lab-on-a-chip with amperometric electrodes for 
detection of psychotropic drugs content in saliva (oral fluid).

sorbent

Sample 1

Medium

3
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filter

Sample 0
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Electrode pH
E working
range [V]

Ep range
[mV]

Linear range
of conc. [µM]

Sensitivity
[nA/µM]

R2

SP graphite

2

0.0 – 1.2

835 – 850 1 – 100 23 0.9819

5 770 – 870 1 – 25 68 0.8454

7 870 – 785 1 – 25 86 0.9257

SP carbon

2

0.0 – 1.2

855 – 895 1 – 100 15 0.9871

5 805 – 910 1 – 25 59 0.9806

7 750 – 855 1 – 25 88 0,9789

Platinum

2

0.0 – 1.1

– – – –

5 – – – –

7 800 – 870 5 – 75 9 0.8884

Gold

2

0.0 – 0.8

730 10 – 2000 284 0.9857

5 400 10 – 200 433 0.8800

7 520 5 – 200 603 0.9064
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WORKING ELECTRODE MATERIALIBIB ITE
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GOLD THIN-FILM WORKING ELECTRODE

pH
Sensitivity 
[µA/µM]

R2 Ep [mV]
Linear range 

of conc. [µM]

2 0.2843 0.9857 730 10 – 2 000 

5 0.4329 0.8800 400 10 – 200  

7 0.6032 0.9064 520 5 – 200  

0.25 0.50 0.75
0.00

0.25

0.50

 

 

 buffer, pH 7
 IMI 5 M
 IMI 10 M
 IMI 50 M
 IMI 100 M
 IMI 200 M

E [V]

I [
A

]
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GRAPHITE WORKING ELECTRODES
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GRAPHITE WORKING ELECTRODES/FIA
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GRAPHITE WORKING ELECTRODES/FIA

Flow rate[µl/min]
Sens. 

[nA/µM]
Uncertainty range

[%]
R2

100 2.1 1.1 – 2.3 0.9990
300 3.0 2.1 – 3.7 0.9963
500 2.9 1.0 – 2.3 0.9988
700 3.9 1.5 – 2.0 0.9987

1000 3.4 0.6 – 6.8 0.9922
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R2 = 0.9880
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t [min]

Ip = 0.0932 +/- 0.0033 A (n = 12)
                                         RSD = 3.5%
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NEW TECHNOLOGY OF SENSORS FABRICATION

RE CEWE
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ROBOT-FABRICATED ELECTRODES
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Optimized
TCA

IMI AMI DOX

Linear conc. 
range [µM]

1 – 25 0.1 – 25 0.1 – 10

Sens.
[nA/µM]

86.0 27.6 32.0

Oxidation E 
[V]

0.780 1 1
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ROBOT-FABRICATED ELECTRODES
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L.p. Parameter Value

1 EBEG 0 V
2 EEND 1 V
3 ESTEP 0,023 V
4 EPULSE 0,650 V
5 ECOND 0 V
6 EDEP 0 V
7 Scan rate 0,030 V/s
8 tPULSE 0,010 s
9 tCOND 0 s

10 tDEP 0 s
11 tEQ 2 s

Parameters  optimized for IMI:
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SUMMARY

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;

NEXT:

 Attempts of saliva samples analysis.
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