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Abstract
Donepezil is an acetylcholinesterase inhibitor used in Alzheimer’s disease therapy. The neuroprotective effect of donepezil has been
demonstrated in a number of different models of neurodegeneration including beta-amyloid toxicity. Since the mechanisms of neurodegeneration
involve the activation of both Ca2+- and K+-channels, the study of donepezil action on voltage-gated ionic currents looked advisable. In the
present study, the action of donepezil on voltage-gated Ca2+- and K+-channels was investigated on isolated neurons of the edible snail (Helix
pomatia) using the two-microelectrodes voltage-clamp technique. Donepezil rapidly and reversibly inhibited voltage activated Ca2+-current (ICa)
(IC50 = 7.9 μM) and three types of high threshold K+-current: Ca2+-dependent K+-current (IC) (IC50 = 6.4 μM), delayed rectifier K+-current (IDR)
(IC50 = 8.0 μM) and fast transient K+-current (IAdepol) (IC50 = 9.1 μM). The drug caused a dual effect on low-threshold fast transient K+-current
(IA), potentiating it at low (5 μM) concentration, but inhibiting at higher (7 μM and above) concentration. Donepezil also caused a significant
hyperpolarizing shift of the voltage–current relationship of ICa (but not of any type of K+-current). Results suggest the possible contribution of the
blocking effect of donepezil on the voltage-gated Ca2+- and K+-channels to the neuroprotective effect of the drug.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction
The role of ionic channels in the pathogenesis of Alzheimer's
disease (AD) is a question of interest which is widely debated in
literature. The absence of a distinct type of K+-channels was
found in fibroblasts from AD patients (Etcherberrigaray et al.,
1993), and up-regulation of Kv3.4 K+-channels subunit was
discovered in the early stage of AD (Angulo et al., 2004).
Both Ca2+- and K+-channels are involved in the mechanisms
of neurodegeneration induced by β-amyloid peptide (Abeta),
which is the main component of neurotic plaques and is believed
to play a critical role in the pathophysiology of AD. It was shown
in mouse hippocampal neurons (Rovira et al., 2002) and cultured
cortical neurons (Ba et al., 2004; MacManus et al., 2000) that
Abeta-induced apoptosis was forestalled by the activation of
voltage-gated Ca2+-current (ICa), and Ca2+-channels antagonist
blocked Abeta-induced cell death (Ba et al., 2004). Another
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possible mechanism for Abeta-induced Ca2+-dependent apoptosis is the blockade of fast-inactivating K+-current (IA). Such
blockade was observed in rat hippocampal neurons and
considered to lead to increase Ca2+-influx via prolonging cell
depolarization (Good et al., 1996; Xu et al., 1998).
Abeta-evoked neurodegenaration can also be governed by
disturbances in K+-homeostasis. The enhancement of slowinactivating K+-current (IDR) followed by cellular K+-loss and
cell death was observed in cortical neurons (Yu et al., 1998), a
cholinergic septal cell line (Colom et al., 1998), and in microglia
(Chung et al., 2001) as affected by Abeta. Reducing IDR by
adding the K+-channel blocker tetraethylammonium (TEA)
attenuated Abeta-induced neuronal death, while the IA blocker
4-aminopyridine (4-AP) was not neuroprotective (Yu et al., 1998).
This data raises the possibility that manipulations aimed at
reducing ICa and IDR may provide an approach to reducing
neuronal degeneration in patients with AD.
Donepezil is a potent acetylcholinesterase inhibitor(AChEI)
used for treatment of AD (Standridge, 2002). Perhaps, other
mechanisms of its action than AChE inhibition exist. The
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neuroprotective effect of donepezil has been demonstrated in a
number of different models (Akasofu et al., 2003, 2006; Takada
et al., 2003; Zhou et al., 2001) including Abeta-toxicity (Arias
et al., 2005; Kimura et al., 2005). Therefore, donepezil is
expected to have a protective effect against progressive
degeneration of brain neuronal cells in AD (Akasofu et al.,
2003). Since mechanisms of neurodegenaration are believed to
involve the activation of voltage-gated Ca2+- and/or K+channels, the study of the effect of donepezil on these channels
looks promising. The influence of donepezil on voltage-gated
K+-currents were studied in rat hippocampal neurons by two
groups of investigators (Yu and Hu, 2005; Zhong et al., 2002),
and the results did not coincide completely. Zhong et al. (2002)
observed the inhibition of delayed rectifier K+-current (IDR) by
donepezil at concentration as low as 1 μM, while Yu and Hu
(2005) have found that rather high concentrations of the drug
are required to block both IDR (IC50 = 78 ± 5 μM) and IA
(IC50 = 249 ± 25 μM). Because of the high concentration
required, Yu and Hu have concluded that the blocking effects
of donepezil on K+-channels are unlikely to contribute to the
clinical improvement in patients with AD. As for the inward
ICa, the effect of donepezil on this current was not examined yet.
The goal of the present work was to study the effects of
donepezil on high threshold ICa and four types of voltage-gated
K+-currents using the model of the molluscan neuron. In
molluscan neurons, voltage-gated Ca2+- and K+-currents have
been extensively characterized. High threshold ICa was
identified as L-type-like Ca2+-current (White and Kaczmarek,
1997). High threshold K+-currents were resolved into three
distinct components that include: IDR, a slow-inactivating,
TEA-sensitive current; IC, slow-inactivating, Ca2+-activated
K+-current, which is also TEA-sensitive; and IAdepol, a high
threshold, fast-inactivating, 4-AP-sensitive current (Bal et al.,
2001; Baxter and Byrne, 1989; Thompson, 1977). Low
threshold transient K+-current (IA) was also described in
molluscan neurons (Bal et al., 2001; Furukawa et al., 1992).
This current is inactivated at the resting membrane potential but
can be activated at subthreshold potentials after a hyperpolarizing prepulse, which removes the inactivation. The properties of
Ca2+- and K+-currents in molluscan neurons look similar, in
general, to the properties of corresponding currents in
mammalian neurons (Catterall, 1995; Jeziorski et al., 2000;
Kaczorowski and Garcia, 1999).

2.2. Cell isolation
The experiments were performed on isolated neurons of the
visceral ganglion and the left and right parietal ganglions of the
land snail (Helix pomatia). Neurons were isolated with the help
of perfect needles without any pretreatment of the ganglia with
proteolytic enzymes. The neurons were pipetted into the
recording chamber of about 1 mL volume and were continuously perfused with a standard Ringer solution feeding by
gravity.
2.3. Voltage clamp
Two microelectrodes voltage-clamp technique was used. The
microelectrodes were filled with potassium citrate solution
(2 M) and had a tip resistance of 12–14 MΩ. The experiments
were performed using a MEZ 7101 micro-electrode amplifier
and a CEZ 1100 voltage-clamp amplifier (Nihon Kohden,
Japan). Voltages and currents were recorded using a RJG 4024
four-channel pen-recorder with a bandwidth of up to 40 kHz.
High-threshold Ca2+- and high threshold K+-currents were
triggered by depolarizing test pulses from the holding potential
of − 60 and − 50 mV, correspondingly. To study the lowthreshold K+-current (IA), depolarizing test pulses were applied
from the holding potential of −130 mV. In tracing the I–V
curves, the current responses to equivalent hyperpolarizing
pulses were added to cancel linear leakage.
2.4. Experimental solutions
Voltage-gated K+-currents were recorded in normal Ringer
solution containing (in mM): NaCl 100, KCl 4, CaCl2 5, MgCl2
4, NaHCO3 3, Tris–Cl 5 (pH = 7.6). Na+-free solution containing K+-channel antagonists was used when analyzing the Ca2+current. This solution was composed of (mM): KCl 4, CaCl2 10,
MgCl2 4, TEA-Cl 95, 4-AP 5, Tris–Cl 5 (pH 7.6).
2.5. Data analysis
Statistical analysis was performed with the use of the
Prism 3.0 (GraphPad) software. Group data is presented as
mean ± S.E.M. Statistical tests of drugs effects were performed
using unpaired t test. A t value producing P b.05 was considered to be significant.

2. Materials and methods
3. Results
2.1. Reagents
Donepezil solutions were prepared by dissolving tablets of
Aricept (Pfizer) containing 5 mg of donepezil hydrochloride.
A tablet was dissolved in extracellular solution. The liquid was
filtered using membrane filter with 0.45 μM pore diameter
(Schleicher and Schul), so that insoluble ingredients (corn
starch, microcrystalline cellulose, magnesium stearate, talk)
were filtered out. Then the drug solution was introduced to the
working chamber at stopped flow. TEA and 4-AP were purchased from Sigma.

3.1. Inhibitory effect of donepezil on voltage-activated calcium
current in molluscan neurons
High-threshold Ca 2+ currents (ICa) were triggered by
depolarizing 150–500 ms test pulses applied from the holding
potential of − 60 mV. Test pulses varied from − 30 to + 60 mV
with increments of 10 mV. The maximal ICa was observed at the
potential 30–40 mV. Application of 1–100 μM donepezil caused
a rapid, reversible and dose-dependent reduction of the maximal
ICa (n = 6/6). The effect reached a maximum in 1–3 min after
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Fig. 1. Inhibitory effect of donepezil on voltage-gated calcium current in molluscan neurons. Ca2+-current was recorded in Na+-free solution, containing 95 mM TEACl
and 5 mM 4-AP. (A) The I–V relationships for peak inward current, constructed before and during application of 5 or 10 μM donepezil. (B) Dose–response curve of
donepezil effect on the maximal ICa amplitude. The normalized mean amplitude of maximal ICa is plotted vs. logarithmic concentration of donepezil. Each value
represents the mean of six cells. Sigmoid curve was generated using Boltzmann equation. (C) Dependence of the hyperpolarizing shift of the maximal ICa on donepezil
concentration. Each column is the mean ± S.E.M. (n = 6). (D) Current traces recorded in control solution and in the presence of 5 or 10 μM donepezil. The recordings were
obtained from the same neuron as in (A). The neuron was held at − 60 mV and depolarizing step of 500 ms was applied. The pulse amplitude was chosen to elicit the
maximal current ( to 30 mV in normal solution (control, washout), to 25 mV in the presence of 5 μM donepezil, or to 15 mV in the presence of 10 μM donepezil).

drug application, and was washed out in 6–8 min. Fig. 1A shows
the current–voltage (I–V ) curves of the inward ICa constructed
in control solution and in the presence of 5 or 10 μM of donepezil
in one of the cells examined. Donepezil caused both a decrease
in the amplitude of maximal ICa and a hyperpolarizing shift of
the I–V curve. The maximal ICa in the presence of 5 and 10 μM
donepezil shifted by 5 and 15 mV, accordingly. Fig. 1B shows
dose–effect relationship for inhibition of maximal ICa by donepezil. The effect of 5 μM donepezil was not significant (by 12.2 ±
8.5%, P N 0.05), whereas 10 μM donepezil suppressed ICa by
67.6 ± 15.7% (P b 0.005). The maximal inhibition of ICa was
81.7 ± 9.3%, P b 0.001 when donepezil was at 100 μM. Data was
fitted with sigmoidal curve generated using the Boltzman
equation. Analysis of the concentration–response relationship
revealed an IC50 value of 7.9 μM, with a slope factor (Hill
coefficient) of 1.1. Fig. 1C shows the dependence of the hyperpolarizing shift of the maximal ICa on donepezil concentration.
The maximal shift value reached to 24.0 ± 3.7 mV (P b 0.001)
when donepezil was at 100 μM. The kinetics of the fast activation and inactivation of ICa was not changed significantly in
the presence of donepezil as seen from original current recordings shown in Fig. 1D.
3.2. Different types of high threshold potassium current in
different cells
High-threshold potassium currents were evoked by depolarizing test pulses of 150–500 ms applied from the holding potential

of −50 mV. Test pulses varied from −30 to +100 mV with
increments of 10 mV. The threshold of potassium current
activation was near −20 mV. It was found that outward K+current varied in different cells by kinetics of activation and
inactivation, shape of the I–V curve and sensitivity to antagonists.
In one group of the cells, the outward current had slow gate
kinetics, demonstrated the N-shaped I–V curve (Fig. 2) and was
insensitive to 1 mM 4-AP, but was almost completely blocked by
1 mM TEA. The I–V curve became smooth in Ca2+-free solution,
suggesting that the N-shape of this curve was due to a summation
of Ca2+-dependent (IC) and Ca2+-independent (IDR) components.
In another group of cells, K+-current showed fast kinetics of
activation and inactivation, had a smooth I–V curve (Fig. 3) and
was blocked by 1 mM 4-AP but not by TEA (IAdepol). Our results
agree with literature data distinguishing IC, IDR, and IAdepol in
molluscan neurons (Bal et al., 2001; Baxter and Byrne, 1989;
Thompson, 1977). To exclude the possible contamination of
slow-inactivating K+-currents (IC and IDR) with IAdepol, 1 mM
4-AP was added to the control solution. Accordingly, 1 mM
TEA was added to bath medium when IAdepol was studied.
3.3. Strong blockade of slow-inactivating K+-currents (IC and
IDR) by donepezil
Donepezil, used at concentration of 1–100 μM, caused a
fast, reversible and dose-dependent reduction of the amplitude
of slow-inactivating K+-current recorded at all test potentials
(n = 9/9) (Fig. 2A–C). The effect reached a maximum 1–3 min
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Fig. 2. Strong inhibitory effect of donepezil on slow-inactivating potassium current. The current was recorded in Ringer solution, containing 1 mM 4-AP. (A) Current–
voltage relationships for peak outward current, constructed in normal solution and in the presence of 5 or 10 μM donepezil are shown. (B) Dose–response curves of
blocking effect of donepezil on the peak amplitude of slow-inactivating outward current recorded at 30 mV and 100 mV. The normalized mean amplitude of outward
current is plotted vs logarithmic concentration of donepezil. Each value represents the mean ± S.E.M. of nine cells. Data were fitted with Boltzmann
function. (C) Original current recordings obtained in control solution, 5 min after the application of 5 or 10 μM donepezil and after washout of the drug. The recordings
were obtained from the same neuron as in (A). The neuron was held at − 50 mV. The upper traces show the currents elicited with a 500 ms depolarizing step to 30 mV. The
lower traces demonstrate the currents evoked by a 150 ms depolarizing step to 100 mV. Test pulses are shown on the left from current recordings.

after the drug application and wholly disappeared after 6–8 min
of washing. Fig. 2A shows the I–V curves of slow-inactivating
K+-current in one of the cells. The outward current within the
potential range from − 20 mV to 70 mV was provided

essentially by IC with little contamination with IDR, while in
the range 80–100 mV, it was composed of only the IDR.
Maximal IC was observed at + 30 mV, while maximal IDR was
recorded at highest test potential applied (+ 100 mV). The I–V

Fig. 3. Moderate blockade of high threshold transient K+-current (IAdepol) by donepezil. IAdepol was recorded in solution, containing 1 mM TEACl. (A) Current–
voltage relationship for peak outward current in control solution and in solutions containing 10 or 30 μM donepezil. (B) Dose–response curve of inhibiting effect of
donepezil on the peak amplitude of fast inactivating outward current recorded at 30 mV. Each value represents the mean of eight cells. Continuous line shows best fit
with Boltzmann equation. (C) The representative IAdepol traces in control solution, during application of 10 or 30 μM donepezil and after washout of the drug. The
currents elicited with a 500 ms depolarizing step to 30 mV applied from a − 50 mV holding potential. The recordings were obtained from the same neuron as in (A).
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Fig. 4. Dual effect of donepezil on the low-threshold transient K+-current (IA). (A) Current–voltage relationship for peak outward current in control solution and in the
presence of 5 or 10 μM donepezil. The neuron was held at − 130 mV and a series of 150–500 ms steps from − 80 to − 20 mV with 10 mV increment was applied. The
inset shows the protocol of cell stimulation. (B) Steady-state inactivation curve for the IA from the same cell as shown in (A). The current was measured at − 40 mV
after a prepulse of 200 ms hyperpolarizing membrane from − 140 mV to − 60 mV with 10 mV increments. (C) Outward currents recorded at − 40 mV after 200 ms
prepulse to − 130 mV. The currents were registered in control solution, during application of 5 or 10 μM donepezil and after washout of the drug (the same cell as
shown in A and B). (D) Dose–response relationship of donepezil effect on the peak amplitude of the IA measured at −40 mV after 200 ms hyperpolarizing prepulse to
− 130 mV. Each value represents the mean of five cells.

curves constructed in the presence of 5 and 10 μM donepezil
indicate that K+-current was suppressed effectively at both 30
and 100 mV. Unlike Ca2+-current, no shift of the I–V curve of
the K+-current along the potential axis was observed in the
presence of the drug. Dose–effect relationships of donepezil
inhibition of K+-currents recorded at 30 mV (IC) and 100 mV
(IDR) are shown in the Fig. 2B. The IC amplitude was decreased
by 5, 10 and 50 μM donepezil to 65.0 ± 6.7%, (P b 0.001), 12.9 ±
3.4% (P b 0.0001) and 3.1 ± 2.7% (P b 0.0001), accordingly.
The IDR amplitude was suppressed by the same concentrations
of the drug to 79.1 ± 9.5% (P N 0.05, ns), 30.1 ± 7.2% (P b 0.001)
and 4.5 ± 0.5% (P b 0.0001). Continuous lines show best fits
with the Boltzmann equation. The IC50 values for blocking
effect at 30 mV and at 100 mV were calculated as 6.4 μM and
8.0 μM, accordingly, with the Hill slopes of 1.8 and 2.0,
correspondingly. The decrease in the amplitude of the K+current was not accompanied by the change of the kinetics of
activation/inactivation in 5 out of 9 neurons (Fig. 2C). In other 4
cells, however, the application of donepezil caused both a
reduction in the peak current amplitude and an acceleration of
the current decay (not shown).
3.4. Moderate blockade of high threshold transient K+-current
(IAdepol) by donepezil
Donepezil caused a reversible and dose dependent inhibition
of the IAdepol, although this current appeared to be less sensitive
to the drug than slow-inactivating K+-current. Fig. 3A illustrates
the I–V relationships of IAdepol constructed before and during
application of 10 and 30 μM donepezil. One can see that
donepezil causes voltage-independent inhibition of the IAdepol,

without shifting the I–V curve along voltage axis. Dose–effect
relationship of donepezil inhibition of the IAdepol recorded at
30 mV is shown in Fig. 3B (n = 8). The current amplitude values
decreased to 92.5 ± 7.1% and 47.3 ± 11.4% in the presence of 5
and 10 μM donepezil, accordingly. These values were larger
significantly (P b 0.05) than corresponding quantities for IC.
The IC50 and the slope factor (Hill coefficient) were 9.1 μM and
1.5, respectively. Fig. 3C shows original recordings of the
IAdepol. No obvious changes of the kinetic properties of the
current could be observed after donepezil application.
3.5. Dual effect of donepezil on the low-threshold transient
K+-current (IA)
The IA is inactivated at the resting membrane potential. To
reveal this current, a hyperpolarizing pulse must be applied for
removal of inactivation. To construct I–V curve, the cell was held
at −130 mV, and the command pulses to potentials from −80 to
−20 mV were applied in increments of 10 mV (Fig. 4A). To avoid
the contamination with high-threshold currents, we did not study
IA at potentials above −20 mV. The IA activation threshold was
found to be near −70 mV. To examine the steady-state inactivation
of IA, the cell was held at −40 mV and 200 ms hyperpolarizing
prepulses to potentials from −60 mV to −120 mV (in 10 mV
increments) were applied. The outward current was measured at
−40 mV after these hyperpolarizing prepulses. (Fig. 4B and C).
Donepezil appeared to cause a dual effect on the IA depending on
concentration. At low concentration (5 μM) the drug reversibly
augmented IA whereas at concentrations above 7 μM it inhibited
this current. The dual effect of donepezil can be observed on both
the I–V curve and the steady-state inactivation curve, as it is
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shown on Fig. 4A and B. Both effects were voltage-independent.
Fig. 4D shows the dose–response curve for donepezil effects on
IA elicited at 30 mV. The IA amplitude was augmented to 116.7±
9.2% by 5 μM donepezil, but was inhibited to 40.2 ± 6.3%
(P b 0.0001) or 7.2 ± 4.8% (P b 0.0001) by 10 or 100 μM donepezil, accordingly.
3.6. Control experiments with lactose
Tablets of “Aricept” contain both insoluble and soluble
ingredients as inert filling materials. While insoluble ingredients
were filtered out, soluble ingredients contaminated donepezil
solution. Lactose was the main soluble ingredient of the inert
filling material. We measured both Ca2+- and different types of
K+-current of molluscan neurons in the presence of lactose
(ChemMed, Russia) in the wide range of concentrations, and
found no noticeable effects.
4. Discussion
In the present study, strong blocking effects of donepezil on
voltage-gated calcium and potassium currents of molluscan neurons are described.
This study is the first demonstration of donepezil influence on
the voltage-gated Ca2+-channel. The application of donepezil
caused rapid, reversible and dose-dependent inhibition of the ICa
amplitude (IC50 =7.9 μM) suggesting direct interaction of the drug
with the Ca2+-channel. The Hill coefficient was close to 1, indicating the absence of cooperation between binding sites. Besides
the reduction of ICa amplitude, the hyperpolarizing shift of the I–V
curve was observed in the presence of donepezil suggesting the
occurrence of some changes in the surface charge density. In
literature, Ca2+-channel blocking activity was described for some
other AChEIs that are considered to be possible drug candidates for
AD therapy. These include alkaloid juliflorin in rabbit jejunum
preparations (Choudhary et al., 2005), a new series of tacrine
derivates in bovine adrenal chromaffin cells (de los Rios et al.,
2002), and a carbamate-type AChEI in guinea pig ventricular
myocytes (Futagawa et al., 2002). The blockade of voltage-gated
Ca2+-channel seems to be a desirable pharmaceutical property for
AD therapy because an increase in cytosolic Ca2+ was shown to
contribute to neuronal degeneration in AD. It has been well
documented that Abeta which is thought to underlie the
neurodegeneration in AD, potentiates the voltage-gated Ca2+channel (Ekinci et al., 1999; MacManus et al., 2000; Rovira et al.,
2002). The inhibition of the ICa by donepezil shown in the present
work might be involved in mechanisms of the neuroprotective
effect of the drug.
Our next results concern the influence of donepezil on
voltage-gated K+-currents of molluscan neurons. Donepezil
caused an inhibitory effect on three types of high threshold K+current: IC (IC50 = 6.4 μM), IDR (IC50 = 8.0 μM) and IAdepoil
(IC50 = 9.1 μM). As IC is a Ca2+-dependent current, its inhibition
by donepezil can be explained by ICa suppression.
However, 5 μM donepezil reduced IC significantly stronger
than ICa, (35.0 ± 7.2% versus 12.2 ± 8.5%, P b 0.05), suggesting
that mechanisms of IC inhibition may be independent of Ca2+-

channels blockage. The Hill coefficients for all three types of
K+-currents were bigger than 1, indicating positive cooperation
between binding sites. Unlike ICa, no shift of the I–V curves for
K+-currents along the potential axis was observed.
The IC50 values for K+-currents calculated in our experiments were much lower than those drawn by Yu and Hu (2005)
in rat hippocampal neurons using a patch clamp technique. In
their study, the IC50 values for the blocking action of donepezil
on delayed rectifier K+-current was 78 μM, and on fast transient
K+-current was 249 μM. The reasons for this incongruity may
be due to the differences between i) models (molluscan versus
rat neurons), and ii) methods (two-microelectrodes voltage
clamp versus whole cell patch clamp). The idea about
evolutionary conservation of ionic channel proteins is widely
accepted (Catterall, 1995; Kaczorowski and Garcia, 1999).
However, amino-acid sequence identity of channel protein
across the species is high, but not complete. For example,
∼70% of the amino acids in A-type K+-channels in neurons of
the mollusc Aplysia was shown to be identical to Shaker K+channels clones from other species (Pfaffinger et al., 1991). A
sequence identity of 61% was found for Drosophila and rat
eag-type K+-channels (Ludwig et al., 1994). These structural
differences (although, not large) between K+-channels from
different animals seem to be the basis for essential species
diversity of the pharmacological properties of K+-channels
(Restano-Cassulini et al., 2006). Another reason for lower
sensitivity of K+-currents to donepezil observed by Yu and Hu,
may be due to peculiarities of patch clamp method, which
comprise dialysis of the neuron and may cause disturbances in
phosphorylation/dephosphorylation processes and changes in
channel properties. We used thin microelectrodes which did not
damage the cytoplasm as much, and channels functions were
believed to be more approximated to physiological conditions.
In our study, we also found that donepezil caused a dual
effect on low-threshold transient K+-current (IA). Low concentration of the drug (5 μM) potentiated the current, whereas
higher concentrations (7 μM and above) inhibited it. The
mechanism of IA potentiation by low-dose donepezil remains to
be elucidated. One may suggest that this effect can involve
some metabolic pathways. The ability of donepezil to interfere
with cellular metabolism is supported by the findings by
Borroni et al. (2001) indicating that the drug modifies the ratio
of different forms of amyloid precursor protein in platelets in
AD. Furthermore, donepezil has been shown to be a potent
agonist of the sigma1 receptor (Maurice et al., 2006), which is
known to govern several biochemical processes. Interestingly,
earlier we found the potentiation of IA of molluscan neurons by
another cognitive enhancer, vinpocetine, and an involvement of
cyclic GMP cascade was strongly suggested for the mechanism
of this potentiation (Solntseva et al., 2001).
A stronger blocking effect of donepezil on the slowinactivating K+-current (IC and IDR) than on the fast-inactivating
K+-current (IAdepol and IA) described in our work is in accordance with the results of other authors who studied the
effects of AChEIs on K+-currents. In rat hippocampal neurons,
donepezil (Yu and Hu, 2005), galantamine (Pan et al., 2002) and
rivastigmine (Pan et al., 2003) inhibit IDR to a bigger extent than
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IA. Similarly, tacrine has been found to block IDR without
affecting IA in larval muscle of Drosophila (Kraliz and Singh,
1997). In molluscan neurons, a similar tendency was detected in
our earlier experiments for other cognitive enhancers: vinpocetine and piracetam (Bukanova et al., 2002). This pharmacological profile for cognitive enhancers does not seem accidental.
Slow-inactivating K+-channels were found to be a particularly
sensitive target for Abeta. Exposure to Abeta-fragments
enhances the IDR, but does not affect the IA in cortical neurons
(Yu et al., 1998). IDR reduction by TEA attenuated Abetainduced neuronal death, whereas the IA blocker 4-AP did not
have a neuroprotective action.
Donepezil has been reported to have a neuroprotective effect
against various apoptotic factors. The drug, used at concentrations
of 0.1–10 μM, protected neurons against oxygen-glucose
deprivation (Akasofu et al., 2003), glutamate neurotoxicity
(Takada et al., 2003), NMDA toxicity (Akasofu et al., 2006)
and Abeta toxicity (Arias et al., 2005; Kimura et al., 2005).
Results of the present study suggest that the mechanism(s) of
neuroprotective effects of donepezil may be explained, at least
partially, by inhibition of voltage-gated Ca2+- and/or K+-currents.
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