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Summary

Acetylcholinesterase (AChE) inhibitors represent standard treatment of Alzheimer’s disease. Cholesterol plays an
important role in Alzheimer’s disease development. Because cholesterol synthesis may be inhibited by statins or
bisphosphonates, we hypothesized that these drugs might possibly have an influence on cholinesterases. Moreover, we
also evaluated if the cholesterol-lowering agents that cross the blood-brain barrier (e.g. simvastatin) should be more
effective than those which do not (e.g. atorvastatin). Four groups of rats were orally administered simvastatin,
atorvastatin, alendronate or vehicle for seven days. Thereafter, blood samples were taken and the basal ganglia, septum,
frontal cortex, and hippocampus were isolated from brains for measurement of acetylcholinesterase activity. In the
blood, activities of neither acetyl- nor butyrylcholinesterase were influenced by any of the applied drugs. In the brain,
no significant changes in AChE activity were observed after administration of atorvastatin. Both simvastatin and
alendronate significantly suppressed the activity of AChE in the frontal cortex. In conclusion, our results confirmed the
hypothesis that cholesterol-modifying drugs modulate AChE activity and it is more reasonable to use a blood-brain
barrier penetrating drug.
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Introduction brain accumulation of amyloid B-peptide (AB). One of the

major causes of consequent memory derangement lies in

Alzheimer’s disease (AD) is a neurodegenerative
disorder characterized by progressive memory deficits,
cognitive impairment and personality changes. The
pathogenic event that characterizes AD is an abnormal

a deficiency in cholinergic neurotransmission. Current
therapeutic strategies for AD focus on cognitive deficit
alleviation solely via direct AChE inhibition (Grutzendler
and Morris 2001). Even though traditional medications
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like donepezil, rivastigmin or galantamin are at present a
“golden standard” in treatment of AD, they are indicated
as symptomatic drugs, may be less tolerable and represent
a considerable financial burden. The question arises,
whether  the
alternative/additional therapeutic approach that might

present evidence points to any
enhance the tolerability and reduce the costs associated
with the treatment of AD.

As alternative therapeutic approach to reduce
symptoms of AD and to slow progression of the disease,
several different classes of agents have been suggested,
including AP
inflammatory drugs or

vaccination, metal chelators, anti-
cholesterol-lowering  drugs.
Among these drugs, cholesterol-modifying agents offer a
safe and readily available alternative. The reason is that
cholesterol has been shown to be involved in the
pathophysiology of AD. Higher serum levels of
1996), facilitate the

deposition of AP into plaques that are important for the

cholesterol raise AP (Sparks

development of AD. Cholesterol inhibits alpha-secretase
and hence hinders production of neuroprotective solubile
APPs (Bergmann 2000). Several but not all (Rea et al.
2005, Zandi et al. 2005) epidemiological reports have
indicated, that classical cholesterol-lowering drugs such
as statins might provide protection against dementia
(Rockwood et al. 2002, Zamrini et al. 2004). Moreover,
bisphosphonates (e.g. alendronate) in supratherapeutical
doses were also found to be able to lower cholesterol
levels in human blood (Canigga et al. 1974).

The aim of the present study was to test the
hypothesis that cholesterol-lowering drugs have an
influence on the activity of cholinesterases (ChE) in rat
brain and blood. For this purpose, we chose classical
(statins) and atypical (bisphosphonate) ones. We also
suggested that drugs, that cross the blood-brain barrier
(e.g. simvastatin, alendronate), should be more effective
in this aspect than those which do not exhibit such
potency (e.g. atorvastatin).

Methods

Animals

Adult male rats of the Wistar strain (240-280 g)
were obtained from Biotest, Konarovice, Czech Republic.
Animals were housed in animal quarters for at least seven
days prior to the experiments under controlled
environmental conditions (22-24 °C, 40-60 % relative
humidity, air exchange 12-14 times per hour, 12-h light-
dark cycle periods). The rats had free access to standard

laboratory rat chow pellets (ST 1-TOP, Velaz, Prague,

Czech Republic) except for 16-18 h before and 0.5 h
after the experiment. Tap water was provided ad libitum.
Drugs were administered by gavage every day between
9:00 and 11:00 h for seven days. All animals received
care in accordance with the guidelines set by the
institutional Animal Use and Care Committee of Charles
University in Prague, Czech Republic. All experimental
procedures were approved by the Committee for
Cruelty (Charles
University in Prague, Faculty of Medicine in Hradec

Protection of Animals against

Kralové, Czech Republic).

Experimental protocol

The animals were randomly divided into four
groups, eight subjects in each. The first (control) group
received vehicle only (water), the second was
administered atorvastatin (0.05 mg/g, Pfizer, Gorecke AG
Freiburg, Germany), the third ingested simvastatin (0.05
mg/g, IVAX Pharmaceuticals, Czech Republic) and the
fourth was exposed to alendronate (0.003 mg/g, Merck
Sharp & Dohme B.V., Netherlands). The used dosage
was based on the data given in literature. The last day of
after the last

administration (respecting their C,.), the animals were

the experiment, one hour drug
sacrificed by exsanguination (blood withdrawal) from the
abdominal aorta under ether anesthesia. Their brains were

immediately removed and stored at —20 °C until analysis.

Clinical chemistry

After removal of the brain, the following regions
were isolated: basal ganglia, septum, frontal cortex and
of the
homogenized in distilled water using a homogenizer

hippocampus. Individual parts brain were
(Ultra Turrax T18). Erythrocytes were obtained from
plasma by centrifugation (10 min at 3000 rpm at
laboratory temperature). The activities of AChE and
BuChE were determined with a modified method of
Ellman et al. (1961). Briefly, to 0.4 ml of 5,5’-dithiobis-
2-nitrobenzooic acid (DTNB) in 0.2 ml 1,1,1-tris-
(hydroxymethyl)aminomethane (TRIS)-HCI buffer (pH
7,6) 100 pl of red blood cell hemolysate (50 pl
erythrocytes and 950 pl water) (or 100 pl plasma — for
measurement of BuChE activity) and 1.3 ml TRIS-HCl
buffer were added. The reaction was initiated by addition
of 02 ml of

measurement of AChE activity) or butyrylthiocholine (for

substrate — acetylthiocholine (for
measurement of BuChE activity). The absorbance was
measured at 412 nm for 5 min using a spectrophotometer
(UVIKON  942). of different
concentrations (added instead of the hemolysate) were
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Fig. 1. The effect of atorvastatin, simvastatin and alendronate on
AChE activity in erythrocytes and BuChE activity in serum. Data
are expressed as means + S.E.M.

prepared for calibration. Each measurement was repeated
three times. All measurements were conducted under
standard laboratory temperature.

Statistical analyses

Results are expressed as the means + S.E.M. for
the indicated number of experiments. The data were
processed by the programs NCSS 2004 and Statistica.
Normality was tested using the Kolmogorov-Smirnov
test. For statistical evaluation, analysis of variance with
post hoc Fisher’s LSD multiple-comparison test (between
group comparisons) were applied. The chosen level of
significance was 0=0.05.

Results

Effect on BuChE and AChE in the blood

We investigated whether statins or alendronate
would directly affect the activity of cholinesterases in
blood and serum. One hour after the last application of
drugs, trunk blood was collected and the activity of
enzymes was measured. Comparison of data from control
group with respective values from pretreated animals did
not show any significant decrease in activity of either
AChHE or BuChE (Fig. 1).

Effect on AChE in the brain

Activity of AChE in the control group was
compared with that measured in the atorvastatin,
group.
administration of these agents had no statistically

simvastatin and alendronate Seven day

significant effect on the AChE activity in septal, basal

Fig. 2. The effect of atorvastatin, simvastatin and alendronate on
AChE activity in brain (septum, basal ganglia, frontal cortex and
hippocampus). Data are expressed as means + S.E.M. * denotes
significant difference (p<0.05) compared to sham group.

ganglia or hippocampal areas of the rat brain (Fig. 2). In
contrast, simvastatin and alendronate significantly
decreased the AChE activity in the frontal cortex (Fig. 2).

Discussion

Cholinesterases (ChE) is a generic term used for
two related enzymes that hydrolyze choline esters -
acetylcholinesterase (AChE, EC 3.1.1.7) also known as
type 1 ChE and butyrylcholinesterase (BuChE, EC
3.1.1.8) also known as type II ChE (Patocka et al. 2004).
Cholesterol-independent  influence of statins on
cholinesterase activities

Human plasma BuChE (but not AChE) activity
was found to be inhibited by lovastatin and simvastatin
in vitro (Darvesh et al. 2004). However, this finding was
not confirmed in vivo (Muacevic-Kataneda et al. 2005).
In the present in vivo experiment, we measured both
cholinesterase activities in rodent plasma. In agreement
with the Ilatter work, we observed no significant
modification of the enzymatic activities even after
application of simvastatin.
Cholesterol-dependent  influence  of  statins  on
cholinesterase activities

Cholesterol has been shown to be directly
involved in the pathogenesis of AD. Its levels in the brain
and in the blood were shown to correlate positively with
the amount of AP, the characteristic AD protein which in
turn possesses the potency to increase AChE activity with
consequent reduction of cholinergic transmission in vitro
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(Kuo et al. 1998, Arvanitakis ef al. 2000, Hu et al. 2003).
Sparks et al. (2002) hypothesized that it is the excess of
that produces AD-like
pathologic changes. Indeed, blockade of cholesterol

cholesterol outside neurons

synthesis by blood-brain barrier (BBB) penetrating statins
produced a decrease in AP both in vitro and in vivo
(Simons et al. 1998, Fassbender et al. 2001). Our results
of decreased AChE activity in the brain of animals
pretreated with BBB-penetrating statin (simvastatin)
agree with these findings.

An important question has arisen as to the
feasibility of using a statin that penetrates through the
BBB. Among the six widely prescribed statins, lovastatin,
simvastatin and cerivastatin are BBB-penetrating, while
and fluvastatin are not.

atorvastatin, pravastatin

Preferential use of BBB-penetrating statins was
challenged by some authors because direct excessive
inhibition of cholesterol synthesis within the CNS during
statin administration would in turn inhibit normal
essential cholesterol synthesis (Sparks ef al. 2002). This
idea was supported by another study, where cholesterol
loss from neuronal membrane enhanced AP generation in
the hippocampus of humans and transgenic mice (Abad-
Rodriguez et al. 2004). In addition, Petanceska et al.
(2002) suggested that it might be another mechanism than
lowering of cholesterol, which mediates the effect of
statins on AP. They demonstrated a reduction in brain A
accumulation and deposition by atorvastatin (non-BBB-
penetrating  statin), whereas total brain cholesterol
remained unchanged (Pentaceska et al. 2002). This is in
accordance with epidemiologic data, which suggest a
decreased prevalence of dementia among individuals
using statins irrespective of their BBB-permeability
(Wolozin et al. 2000). Therefore, to address the question
how brain AChE activity is altered by permeation status
of statin used, we examined the effects of both — BBB-not
crossing drugs (atorvastatin, which should be without
influence on cholesterol in the brain) and BBB crossing
drugs (simvastatin, which affects cholesterol metabolism
in the brain) (Locatelli et al. 2002). Our results have
shown that atorvastatin did not decrease the activity of
AChE, whereas simvastatin exhibited such potency in the
frontal cortex, where the accumulation of AP is usually
the highest. These results together with data reported by
others (Simons et al. 1998, Fassbender er al. 2001)
indicate that for reduction of AChE activity in the brain,
it is more reasonable to use a statin that penetrates the
BBB. Cholesterol and/or AB-dependency of the observed
effect of simvastatin on AChE were not addressed by this

study. Further studies are needed to determine the

potential negative effect of possible brain cholesterol loss
due to statin treatment.

Bisphosphonates

Previous  reports  demonstrated  lowered
cholesterol and total lipid levels in human blood after
treatment with supratherapeutic doses of bisphosphonate
(etidronate, Canigga et al. 1974). Farnesyl diphosphate
synthase, i.e isopentenyl transferase, was identified as the
molecular target of bisphosphonates in the cholesterol
biosynthesis pathway (Rezka and Rodan 2004). In
parallel with statins, we hypothesized that the cholesterol-
lowering potency of these drugs might be beneficial in
the reduction of AChE/BuChE activities in the blood
and/or brain. We are unaware of a study describing the
influence of bisphosphonates on cholinesterases. In our
trial, alendronate, a BBB-penetrating drug, was applied.
The studied drug was not able to decrease significantly
serum activity of AChE or BuChE. Like simvastatin,
however, alendronate significantly decreased the activity
of AChE in the frontal cortex, a change not seen in other
parts of the brain. Further experiments are needed to
account for the precise role that bisphosphonates play in
the cholinergic system. We also suggest that human data
should be available to elucidate a possible modifying

effect of these cholesterol-lowering drugs on dementia.
Conclusions

To our best knowledge, the present study is the
first to show an influence of BBB-crossing cholesterol-
lowering drugs (simvastatin and alendronate) on AChE
activity in the brain. If the findings of this pilot study will
be supported by other studies, they might have significant
clinical implications as the levels of cholesterol, A and
acetylcholine (all possibly modulated by the studied
drugs) play important roles in the pathogenesis of
Alzheimer’s disease.
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