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Abstract

The hypolipidemic statins have been associated with various side
effects in humans and laboratory animals. There is limited information on
the neurobehavioral cholinergic oxidant/pro-oxidant effects of statins in
mice. The present study aimed to examine changes in neurobehavioral
performance, cholinesterase (ChE) activity and oxidative stress in mice
treated with atorvastatin, simvastatin, and rosuvastatin.

Materials and Methods: Male mice were treated orally with
various doses of statins (atorvastatin, simvastatin, and rosuvastatin).
Control mice were treated with distilled water. Sectionl: Two hours after
vehicle (control) or statin dosing at 250, 500, 750, or 1000 mg/kg, each
mouse was subjected to 5 min open-field activity, negative geotaxis at an
angle of 45°/60 s, 5 min head pocking, and forced swimming endurance.
Plasma, erythrocyte, and brain ChE activities were determined
spectrophotometrically at 2 and 24 h after oral dosing of statins at 500
and 1000 mg/kg. Section 2: Mice were dosed with statin single doses at
500 or 1000 mg/kg. Mice were also dosed with repeated daily doses of
each statin at 200 mg/kg/day for 14 or 28 days. Brain and plasma
glutathione (GSH) and malondialdehyde (MDA) Ilevels, alanine
transaminase (ALT) and aspartate transaminase (AST), were determined.
Section 3: Mice were treated with each statin (200 mg/kg/day) for 28
days. 24 h after the last statin or control dosing, mice were subjected to a
pharmacological challenge with propofol at 100 mg/kg, intraperitoneally
or to a toxicological challenge with dichlorvos at 150 mg /kg, orally.
Propofol anesthesia and dichlorvos cholinergic toxidrome and brain ChE
activity were monitored. Section 4: Mice were dosed with each statin at
200 mg/kg/day for 14- and 28 days. 24 h after the last 14- or 28-day

dosing, each mouse was tested for neurobehavioral performance and ChE
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determination mentioned above. Section 5: In vitro aqueous
concentrations of each statin were used on the plasma and whole brain
homogenate at concentrations of 0 (baseline-control), 10, 25, 50 or 100
uM. The inhibition of plasma and brain ChE activity was determined
electrometrically and spectrophotometrically in the brain together with
the determination of generation of oxidative stress (brain MDA).
Results: section 1: The statins variably, but dose-dependently and
significantly delayed the latency to move in the open-field area, decreased
locomotion and rearing, reduced head pocking, and delayed negative
geotaxis performance. Statins significantly increased the duration of
forced swimming and reduced the duration of swimming immobility.
Statins significantly and dose-dependently decreased plasma,
erythrocyte, and brain ChE activity 2 and 24 h after dosing. Section 2:
Single statin doses at 500 or 1000 mg/kg significantly and dose-
dependently reduced the GSH level in the plasma and the whole brain.
Statins at 200 mg/kg/day for 14 or 28 days significantly and time-
dependently reduced plasma and brain GSH levels. MDA levels
significantly increased in the plasma and brain following single or
repetitive dosing. Activities of ALT and AST were also increased in the
plasma. Section 3: Statins significantly decreased the onset of propofol
sleep and reduced its duration. Statins significantly increased the onset of
signs of poisoning, delayed the onset of death and decreased signs of
poisoning, toxicity score and death. Statins significantly reduced whole
brain ChE activity. Section 4: Repeated statin treatments significantly
decreased open-field activities and head pocking, and increased the
durations of negative geotaxis and forced swimming endurance with
reduction of immobility duration. Plasma, erythrocyte and whole brain

ChE activities were significantly reduced. Section 5: Statins at 10 to 100
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UM in vitro significantly inhibited plasma and brain ChE activity
(determined electrometrically) in a concentration-dependent manner.
Hydrogen peroxide significantly increased brain MDA level In
Vitro. Statins at 25 to 100 pM significantly increased MDA level in
whole brain homogenates in a concentration-dependent manner. Brain
ChE activity, determined spectrophotometrically, by in vitro statins (25 to
100 uM) was significantly inhibited. Hydrogen peroxide also decreased
brain homogenate ChE activity by 66.3, 68.7 and 69.8%, respectively.
Conclusion: Single and repeated doses of statins differentially
modulate neurobehavioral outcomes in mice in association with reduced
plasma, erythrocyte, and brain ChE activity. Plasma or erythrocyte ChE
may be used for biomonitoring of the adverse/therapeutic effects of
statins. Statins induced oxidative stress as adverse effects on the brain and
plasma of mice, which suffered from the additional burden of liver injury.
The results support pharmacological and toxicological challenges in
statin-treated mice to uncover changes in responses to propofol anesthesia
and dichlorvos intoxication. These effects could be the basis of in-depth
explorations of statin adverse effects in experimental animals and to find
an animal model, probably the mice, for the induction of adverse effects
of statins that target the brain, as well as to shed light on potential statin
intolerance outcomes in this species. As in vitro results complemented the
in vivo effects, anti-ChE and oxidative stress effects of statins may be

involved in their adverse/pleiotropic actions.
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