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ABSTRACT

Biosensors are analytical devices being approachable for multiple analytes assay. Here, biosensors with intercepted acetylcholineste-
rase (AChE) or butyrylcholinesterase (BChE) are presented as tool for assay of anticholinergic compounds such as pesticides, nerve
agents and some natural toxins. Principle of assay is based on evaluation of cholinesterase activity and its pertinent decrease in
presence of analyte. Nerve agents, pesticides, anticholinergic drugs useable for treatment of Alzheimer’s disease as well as myasthenia

gravis and aflatoxins are enlisted as compounds simply analyzable by cholinesterase biosensors.
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Introduction

Inhibition of two enzymes in body: acetylcholinesterase
(AChE; EC 3.1.1.7) and butyrylcholinesterase (BChE; EC
3.1.1.8) isacommon toxicology pathway of many compounds.
Nerve agents, insecticides such as organophosphates as well
as carbamates and some drugs may be named (Pohanka et
al., 2009a). The function of BChE is not crucial. On the
other hand, AChE is an important enzyme in body. AChE
is bound in outer membrane of neurons and terminates
neurotransmission through neural cleft by hydrolyzing
acetylcholine (Soreq and Seidman, 2001). Another action of
ACHhE is the cholinergic anti-inflammatory pathway associ-
ated with vagus nerve (Pavlov et al., 2003).

Intoxication by organophosphates, organophosphonates
and carbamates is manifested by bronchospasm, brady-
cardia, miosis, lacrymation and diarrhoea. Furthermore,
confusion, coma and/or respiratory failure caused by
overstimulation of nicotinic and muscarinic receptors
would be also observed when anticholinergic compound is
administered (Eddieston et al., 2008).
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The inhibition of cholinesterases in vitro was found
approachable for construction of analytical devices such as
biosensors. The cholinesterase based biosensors are very
effective tools for assaying of anticholinergic compounds.
Even, estimation of in vitro impact of some drugs or pres-
ence of other anticholinergic compound is accompanied by
inhibition of cholinesterases used in biosensor (Pohanka et
al.,2008a,b). The present review is aimed at summarization
of the most important facts about cholinesterase based bio-
sensors. Assay of typical anticholinergic compounds such
as organophosphates, organophosphonates and carbamates
by biosensors as well as biosensors principles and construc-
tions are mentioned in the review.

The most important cholinesterase inhibitors

There are available many different compounds with
anticholinergic properties. Some of them, e.g. aflatoxins,
are natural toxins with strong inhibition of AChE but not
BChE (Egbunike and Ikegwuonu, 1984; Cometa et al., 2005;
Pohanka et al., 2008e). Drugs (e.g. tacrine and galantamine
being administered for treatment of Alzheimer’s disease
cognitive manifestation and myasthenia gravis are also
modulators of AChE activity (Musial et al., 2007). Some
studies even found several plant secondary metabolites as
strong inhibitors of cholinesterases (Lopez et al., 2002).

Typical artificial inhibitors of cholinesterases are
organophosphates and organophosphonates. These two



groups of anticholinergic compounds are irreversible
inhibitors of both AChE and BChE. Toxic organophos-
phates are predominantly used as pesticides. Paraoxon,
parathion, diisopropylfluorphosphate (DFP), malaoxon,
malathion, chlorpyrifos and dichlorvos may be listed as
typical examples (Marrs, 1993). Toxicity of some pesticides
is attenuated by replacing of oxygen phosphate residuum by
sulfur. It is e.g. derivate paraoxon and parathion or mala-
oxon and malathion. Toxicity is recovered due to mixed
function oxidases in insect body. Warm blooded have not
enzymatic apparatus for this pathway and thioderivates
are slowly activated using cytochrome P-450 (Buratti et al.,
2005). Some of organophosphonates were found useable
as nerve agents in military points of view. Sarin, soman,
tabun, cyclosarin and VX are well known representatives
(Barthold et al., 2005). Examples of some above mentioned
compounds are attached in Figure 1.

Amperometric assay

Amperometric biosensors are a good alternative to the
potentiometric ones. Amperometric biosensors provide
linear output signal dependence on concentration of
analyte in comparison with the logarithmic relationship
typical for potentiometric sensors (Ghindilis et al., 1998).
Amperometric biosensors are quite simple in comparison
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Figure 1. Examples of some anticholinergic compounds.
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with potentiometric devices. A simple noble metal wire
can serve as the physicochemical transducer. Carbon paste
electrodes are well known and also the screen-printed elec-
trodes became one of the adopted possibilities. Carbon paste
electrodes proved to have limited reproducibility due to
coarsely defined carbon suspensions parameters. The best
results were historically obtained with the screen-printed
electrodes. The screen-printed electrodes can be simply pro-
duced on a mass scale. Miniaturization of electrodes seems
to be ideal for flow-through based techniques (Pijanowska
et al., 2003). Amperometric measurement can be realized
in either two- or three-electrode configurations. The two
electrode system is simpler. It consists of the reference and
working electrodes. The two electrode configuration could
be preferred for systems where currents or better current
densities are low. If the value of current is high, the insta-
bility of reference electrode potential could occur and the
three electrode configuration should be used. In this case,
current flows between auxiliary and working electrodes.

The current going through the working electrode can be
defined according to the Faraday law as follows:

Q mFz
t Mwt

The meaning of symbols is common; i means electric
current, which is proportional to the electric charge Q
transmitted during time interval ¢. The Faraday constant
F is approximately equal to 96,485 C/mol. The transformed
ions are described by molecular weight (Mw) and charge z;
total mass of substances, which either precipitated or dis-
solved on the electrode, is expressed as m. An indifferent
ion should be added to solution for polarization suppression.

Amperometric evaluation of cholinesterase
activity using biosensor

Biosensors are analytical devices consisting from biorecog-
nition element and a proper sensor element (Brecht and
Gauglitz, 1995). BChE and mainly AChE are promising
recognition elements for biosensors construction (Pohanka
et al., 2008b). Evaluation of cholinesterase activity is the
crucial factor in the construction of biosensors. Though the
acetylcholine is commercially available, the reaction is not
simply detectable. Typically pH electrodes would be applied
as sensor detecting acidification of medium by releasing of
acetic acid. Nowadays, glass electrodes are replaced by the
semiconductors such as ion sensitive field effect transis-
tor (ISFET) and light addressable potentiometric sensors
(LAPS) being more approachable (Arkhypova et al., 2001;
Yoshinobu et al., 2004). The replacement of potentiometric
by amperometric principle has been found appropriate.
There is possibility to evaluate activity of cholinester-
ase by an amperometric principle in two ways. The first
is based on performance of cholinesterase commonly
with cholineoxidase (ChOx; EC 1.1.3.17) and oxygen or
hydrogen peroxide amperometric transducer (Campanella
et al., 2007). ChOx oxidizes creating choline up betaine. A
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biosensor based on AChE and ChOx was found sensitive for
assay of some pesticides such as pirimiphos-methyl in levels
demanded by Europe Union (Del Carlo et al., 2005).

The second way being frequently performed for
amperometric evaluation of AChE activity is based on
replacement of native substrate acetylcholine by an alterna-
tive acetylthiocholine. The mechanism is lucidly depicted
in Scheme 1. Electrochemical oxidation of reaction product
thiocholine is started by applied voltage (Pohanka et al.,
2009b). Biosensors with intercepted AChE working on above
mentioned principle are promising devices for multiple
assays. Pesticide paraoxon (Pohanka et al., 2008c), dichlor-
vos (Valdes-Ramirez et al., 2008), sulfotep (Kandimalla and
Ju, 2006), natural toxic compound aflatoxin (Pohanka et al.,
2008e), nerve agents (Pohanka et al., 2009b) and current as
well as novel anticholinergic drugs (Pohanka et al., 2008d)
may be mentioned as examples of typical analytes.

Conclusions

Amperometric biosensors with intercepted cholinesterases
are promising tools for evaluation of many anticholinergic
compounds. Assay of pesticides, nerve agents and afla-
toxins are typical analytes. The second way of biosensor
performance is evaluation of drugs administered to patients
suffering from Alzheimer’s disease and myasthenia gravis.

Acknowledgements

Ministry of Defence of Czech Republic is gratefully
acknowledged for project No. OVUOFVZ200801.

REFERENCES

Arkhypova VN, Dzyadevych SV, Soldatkin AP, Elskaya AV, Jaffrezic-Renault N, Jaf-
frezic H, Martelet C. (2001). Multibiosensor based on enzyme inhibition analy-
sis for determination of different toxic substances. Talanta 55: 919-927.

Barthold CL and Schier JG. (2005). Organic phosphorus compounds — nerve
agents. Crit Care Clin 21: 673-689.

Brecht A and Gauglitz G. (1995). Optical probes and transducers. Biosens Bio-
electron 10: 923-936.

Buratti FM, D"Aniello A, Volpe MT, Menequz A and Testai E. (2005). Malathion
bioactivation in the human liver: the contribution of different cytochrome
p450 isoforms. Drug Metab Dispos 33: 295-302.

Campanella L, Lelo D, Martini E and Tomassetti M. (2007). Organophospho-
rus and carbamete pesticide analysis using an inhibition tyrosinase organic
phase enzyme sensor; comparison by butyrylcholinesterase + choline oxi-
dase opee and application to natural waters. Anal Chim Acta 587: 22-32.

ISSN: 1337-6853 (print version) | 1337-9569 (electronic version)

Cometa MF, Lorenzini P, Fortuna S, Volpe MT, Meneguz A and Palmery M.
(2005). In vitro inhibitory effect of aflatoxin B1 on acetylcholinesterase activ-
ity in mouse brain. Toxicology 206: 125-135.

Del Carlo M, Pepe A, Mascini M, De Gregorio M, Visconti A, Compagnone D.
(2005). Determinating pirimiphos-methyl in durum wheat samples using an
acetylcholinesterase inhibition assay. Anal Bioanal Chem 381: 1367-1372.

Eddieston M, Buckley NA, Eyer P and Dawson AH. (2008). Medical management
of acute organophosphorus pesticide self-poisoning. Lancet 371: 597-607.

Egbunike GN and Ikegwuonu Fl. (1984). Effect of aflatoxicosis on acetylcholin-
esterase activity in the brain and adenohypophysis of the male rat. Neurosci
Lett 52:171-174.

Ghindilis AL, Atanasov P, Wilkins M and Wilkins E. (1998). Immunosenors: elec-
trochemical sensing and other engineering approaches. Biosens Bioelectron
13:113-131.

Kandimalla VB and Ju H. (2006). Binding of acetylcholinesterase to multiwall
carbon nanotube-cross-linked chitosan composite for flow-injection am-
perometric detection of an organophosphorous insecticide. Chemistry 12:
1074-1080.

Lopez S, Bastida J, Viladomat F and Codina C. (2002). Acetylcholinesterase in-
hibitory activity of some Amaryllidaceae alkaloids and Narcissus extracts. Life
Sci Narcissus 71: 2521-2529.

Marrs TC. (1993). Organophosphate poisoning. Pharmacol Ther 58: 51-66.

Musial A, Bajda M and Malawska B. (2007). Recent developments in cholines-
terases inhibitors for Alzheimer’s disease treatment. Curr Med Chem 14: 2654~
2679.

Pavlov VA, Wang H, Czura CJ, Friedman SG and Tracey KJ. (2003). The choliner-
gic anti-inflammatory pathway: a missing link in neuroimmunomodulation.
Mol Med 9: 125 — 134

Pijanowska DG, Sprenkels AJ, Olthuis W and Bergveld P. (2003). A flow-through
amperometric sensor for micro-analytical systems. Sens Actuat B 91: 98-102.

Pohanka M, Jun D, Kalasz H and Kuca K. (2008b). Cholinesterase biosensor con-
struction — a review. Prot Pept Lett 15: 795-798.

Pohanka M, Kuca K and Kassa J. (2008a). New performance of biosensor tech-
nology for Alzheimer’s disease drugs: in vitro comparison of tacrine and
7-methoxytacrine. Neuroendocrinol Lett 29: 755-758.

Pohanka M, Musilek K and Kuca K. (2009a). Progress of biosensors based on
cholinesterase inhibition. Curr Med Chem 16: 1790-1798.

Pohanka M, Dobes P, Drtinova L and Kuca K. (2009b). Nerve agents assay using
cholinesterase based biosensor. Electroanalysis DOI: 10.1002/elan.200804528.

Pohanka M, Jun D and Kuca K. (2008c). Amperometric biosensor for real time
assay of organophosphates. Sensors 8: 5303-5312.

Pohanka M, Kuca K and Kassa J. (2008d). New performance of biosensor tech-
nology for Alzheimer’s disease drugs: in vitro comparison of tacrine and
7-methoxytacrine. Neuroendocrinol Lett 29: 755-758.

Pohanka M, Kuca K and Jun D. (2008e). Aflatoxin assay using an amperomet-
ric sensor strip and acetylcholinesterase as recognition element. Sens Lett 6:
450-453.

Soreq H and Seidman S. (2001). Acetylcholinesterase — new role for an old ac-
tor. Natur Rev 2: 294 — 302.

Valdes-Ramirez G, Fournier D, Ramirez-Silva MT and Marty JL. (2008). Sensitive
amperometric biosensor for dichlorvos quantification: application to detec-
tion of residues on apple skin. Talanta 74: 741-746.

Yoshinobu T, Schoning MJ, Finger F, Moritz W and Iwasaki H. (2004). Fabrication
of thin film LAPS with amorphous silicon. Sensors 4: 163-169.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


