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Abstract

Background: Donepezil, a noncompetitive acetylcholinesterase inhibitor, is prescribed to
treat mild to moderate Alzheimer's disease but it only has moderate performance.
04/09/2023 Therefore, combination therapies are more effective. There is much evidence suggesting
06/07/2023 that statins have neuroprotective effects on neurological disorders including Alzheimer's
disease. The present study aimed to investigate the combined effects of Donepezil and
Lovastatin on the activity of the pyramidal neurons of the CA1 hippocampus.

Methods: In the present experiment study, adult male rats were divided into 3 groups:
Nucleus Basalis Magnocellularis (NBM) lesion (which received electrically- induced
lesion (0.5 mA, 3s) in NBM) group, NBM lesion + injection Donepezil 5mg/kg-Lovastatin
10mg/kg, NBM lesion+ injection Donepezil 15mg/kg-Lovastatin 30mg/kg. Spontaneous
activity of pyramidal neurons in CAl region to injection of Donepezil-Lovastatin was
investigated in a rat model of Alzheimer's disease.

Results: The results of this study showed that electrical lesion of NBM leads to a decrease
in the activity frequency of pyramidal neurons in the CA1 region. Administration of
Donepezil 5mg/kg-Lovastatin 10mg/kg increased the frequency of pyramidal neurons in
rat model of Alzheimer's disease.

Conclusion: The results of this study suggest that co-administration of Donepezil-
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Introduction

Alzheimer's is a type of progressive brain disease
that usually develops in old age. In Alzheimer's
disease, the cellular structure of the neurons is
damaged which affects memory and behavior (1).
The formation of amyloid plaques around neuron
cells as well as neurofibrillary filaments within
brain cells are among the causes of this disease
(2). Injuries to the brain caused by the formation
of plaques of amyloid include inflammation of the
brain tissue, the release of acetylcholinesterase
from plaques, and the effect of amyloid deposition
toxicity on brain cells (3). The early symptoms of
Alzheimer's disease are severely impaired
memory, especially spatial memory (4)). A
decrease in acetylcholine due to the high release
of acetylcholinesterase, which is a cause of

Alzheimer's disease, impairs spatial memory (5).

Cholinergic ~ projections  of  the  basal
forebrain/nucleus basalis magnocellularis (NBM)
and the septum to the cortex and hippocampus
have long been considered the main factor for
memory (6). Several studies have reported that
reduced hippocampal acetylcholine (as a result of
aging or pharmacological) is associated with
deficits in spatial memory (7). Since most neurons
in the NBM are cholinergic, it seems that the
reduction of cholinergic neurons due to NBM
degradation can lead to memory loss (8).

Thus, based on this evidence, acetylcholinesterase
(AchE) inhibitors such as Donepezil have been
used to improve Alzheimer's-related cognitive
decline  (9).

acetylcholinesterase inhibitors only results in

However, the use of

moderate  remission.  Therefore, multi-drug

therapy is recommended to resolve this problem.
Recently, the use of statins, competitive inhibitors
of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-Co-A) reductase, has been suggested as a
therapeutic approach to reduce the cognitive
symptoms of  Alzheimer's disease (10).
Neurological evidence suggests that this class of
drugs has neuroprotective effects in Alzheimer's
disease (11). In addition to reducing cholesterol,
statins have several cholesterol-independent
properties, including antithrombotic, anti-
inflammatory, and stimulate nitric oxide (eNOS)
synthesis (12)(). Statins also have antioxidant and
anti-amyloidogenic properties (13). Lovastatin
treatment increased the level of beta-amyloid
precursor protein (s-APP-a) and decreased beta-
amyloid production (14). In addition, Lovastatin,
simvastatin, and atorvastatin repair cognitive
deficits in traumatic brain injury (15). There is a
relatively large gap between neuronal membrane
properties and physiological and behavioral
events. To do this, we need to be able to
understand neuron activity. Extra Single-unit
recordings are used to obtain valuable information
about the structural features of the central nervous
system. In neuroscience, the single-unit recording
provides a method for measuring the
electrophysiological responses of specific neurons
using the microelectrode system (14). In
Alzheimer's disease, most studies have focused on
cognitive deficits and neuronal activity has been
less studied. Therefore, the present study
investigated the combined effect of Donepezil and
Lovastatin on the activity of pyramidal neurons in
the CA1 region of the hippocampus in a rat model

of Alzheimer's disease.
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Material and Methods

In this experimental research, adult male Wistar
rats (weight: 220+20 g) were obtained from the
animal house of Ahvaz Jundishapur University of
Medical Sciences. Animals were kept in a room at
a constant temperature (24+2 0C) and light
conditions (12 hours of light and 12 hours of
darkness). In the process of the experiment, all the
requirements of the Animal Ethics Committee
were fulfilled (Ethics Code:
EE/97.24.3.17933/scu.ac.ir).

Study drugs
Donepezil  hydrochloride  (Sigma-Aldridge),
dissolved in saline (0.9%) as a vehicle, and
Lovastatin, dissolved in dimethyl sulfoxide
(DMSO) (5%), were used in this study. Control
group animals received saline and DMSO. The
drug was prepared immediately before injection
and administered in a volume of 1 ml/kg.
Creating the Alzheimer's Model

The rats were anesthetized with ketamine
hydrochloride (78 mg/kg, i.p., Alphasan) and
xylazine hydrochloride (3mg/kg i.p. Alphasan,
Netherlands) to develop Alzheimer's disease
model and NBM rats were mutually ruined by
electrical current (0.5 mA for 3 s) according to
stereotaxic coordinates (AP= -1.3 mm, ML= 2.8
mm, DV=-7.6 mm) (16). After the recovery
period, rats were prepared for electrophysiological
experiments. Rats were randomly divided into 3
groups to evaluate neuronal activity:

1) Lesion group (in which the NBM of animals
was destroyed bilaterally with electrical lesion) +
(saline — DMSO 5%)

2) NBM lesion + (Donepezil 15 mg/kg-
Lovastatin 30 mg/kg)

3) NBM lesion + (Donepezil 5 mg/kg -
Lovastatin 10 mg/kg)

Surgery

In the present study, a single unit recording of
hippocampal pyramidal neurons was performed in
anesthetized rats. Experiments were performed in
a quiet room at a constant temperature (251 C).
For this purpose, rats were anesthetized with
urethane (1.5 g/kg, IP; Sigma-Aldrich, Germany).
After anesthesia, to create a stable airway rats
underwent tracheostomy surgery. In short, the
hairs on the neck were removed. Then the muscles
and soft tissues around the neck were removed
until reached the trachea. A slit was created in the
trachea and a polyethylene tube was inserted into
the trachea. Then, the tracheostomy rats
underwent stereotaxic devices (Stoelting, USA)
for recording from the CA1 region. A two mm
hole was created according to Paxinus Atlas (-3.8
mm AP, 2.2 mm ML, -2.4mm DV) above the
CAl area of the hippocampus (17). Body
temperature was maintained at 36-37 ° C during
the recording period using a heating pad.
Extracellular single-unit recording

In this study, the effect of co-administration of
Donepezil and Lovastatin was investigated on the
spontaneous activity of pyramidal neurons in the
CAL area of the hippocampal. For this purpose, a
tungsten microelectrode whit a 125 pm tip
diameter and 5 MQ resistances were gently
moved to the CAL1 region. The electrode was
gently lowered to the hippocampal CAl
pyramidal cell layer with the aid of a
microelectrode driver mounted on the stereotaxic
arm, and the electrical potentials transferred to the

tip were examined. To find spontaneous activity
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pyramidal neurons, the electrode was inserted so
high and low in the hippocampus that sometimes
the tip was so close to a neuron that it could well
receive its potential and sends it to the amplifier.
Neurons with a frequency of 8 or less were
identified as pyramidal neurons. So the neurons
with size and shape stable signals and frequency
of 8 or less were considered to check in this study.
The neuron spikes were amplified by the amplifier
(x10000 gain; 300 Hz, and 10 kHz for low and
high filters, respectively) and were continuously
displayed on the oscilloscope as a signal. The
spike frequency was calculated and transmitted
online in time bins of 1000 ms for the entire
recording time by online sorter software (Spike;
Science Beam, Tehran, Iran). The action potential
was separated from the baseline activity by a
window discriminator, which produced output
pulses for the signal units based on the spike
height, which counted the number of spikes per
unit of time. In this study, the total recording time
was 7200 s (bine size 1000 ms) which was stored
on the hard disk and the average frequency was
calculated by the computer (18).

After a pyramidal neuron with a steady frequency
and amplitude and constant waveform emerged as
a baseline record, the recording continued for 15
minutes. Then Donepezil-Lovastatin and their
solvents were injected and recording continued
for another 105 minutes. In this study, the
discharge of each neuron was calculated in a time
interval of 60 s bins using a data acquisition
program to make a PSTHs (Peri- Stimulus Time
Histograms) file with a time interval of 15
minutes before injection and 105 minutes after

injection. Data were analyzed using an offline

sorter (Spike; Science Beam, Tehran, Iran).
Increasing or decreasing the activity of neurons
than twice-fold the standard deviation of the
baseline activity of neurons for three consecutive
points was considered as an excitatory and
inhibitory neuronal activity.

Histological confirmation

After the end of the electrophysiological record,
the animals were deeply anesthetized using
ketamine and xylazine. Their brains were
removed and fixed in 10% formalin. After
blocking, 20-um slices were prepared near the
recording electrode site. The slices were stained
with H&E (Hematoxylin and Eosin). Then, place
the electrodes recorded in hippocampal CA1 were
studied by using a light microscope (Figure 1).

Figure 1: Position of recording electrode in hippocampal
CALl region

Statistical analyze

The data were analyzed by computer software
SPSS (ver. 20). In order to perform statistical
comparisons in the electrophysiology recording,
the effect of drug and vehicle on the spontaneous
activity of each neuron in each group was used
Pair sample T-test in a 2-hour record. In addition,
Graph pad Prism version 6.07 was used to
illustrate the effect of the drug on the number of
excitatory, inhibitory, and unaffected neurons.
Data were expressed as Mean + SD. A P-value

less than 0.05 were statistically significant.
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Result compared to basal activity [(t= -1.042, df=13,
To investigate the effect of saline and DMSO on P=0.317)] (figure 2) (figure 3).
the activity of pyramidal neurons in the CAl

region, saline-DMSO was injected (IP; 1ml/kg for

L~
® .S
o5 3 -
each vehicle) after baseline recording, and £E
neuronal activity was recorded for another 105 £38 2
(]
. . o2
minutes. Paired sample T-test of the spontaneous S3 1 -
»n
- - - - o ~
response of neurons to injection of saline and o
DMSO showed no significant increase in the baseline saline-DMSO

firing frequency of neurons after injection Figure 2: Effect of saline-DMSO on the firing frequency of

the CA1 pyramidal neurons (P>0.05).
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Figure 3: Histogram of firing pattern of CA1 pyramidal neurons before and after saline-DMSO injection

In this group, 14 neurons were recorded from 11

8 -
rats. In this experiment, co-administration of g2 Z
saline and DMSO excited 3 neurons, unaffected 9 ég 5
neurons, and inhibited 2 neurons. Also, the mean E; 4
increase in activity of pyramidal neurons in the %g 2
hippocampal CA1 region showed that injection of 521
saline -DMSO increased 81 to 121% activity in 3 o baseline D5-L10

neurons and decreased 53 to 57% activity in 2 Figure 4: Effect of D5-L10 on the firing frequency of the

neurons. CA1 pyramidal neurons (P<0.05).
Statistical analysis in co-administration Donepezil
5 mg/kg - Lovastatin 10 mg/kg group (D5-L10)

In this group, 16 neurons were recorded from 10

rats and it was observed that co-administration of

showed a significant increase in the firing Donepezil 5 mg/kg and Lovastatin 10 mg/kg

frequency of neurons after injection compared to excited 11 neurons, unaffected 4 neurons, and

baseline activity [(t=-4.027, df=15, P=0.001)]
(figure 4).

inhibited one neuron (figure 5) (figure 6).

Increased activity of pyramidal neurons in the
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CAL region of the hippocampus showed that co- to 181% activity, in 2 neurons increased 251 to
administration of drugs increased 71 to 111% 281% activity and in one neuron increased 300%
activity in 5 neurons, increased in 3 neurons 121 activity.
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Figure 5: Scatterplot representing the response of pyramidal neurons to saline and Donepezil D5-L10 mg/kg injection

7
c °
2 5
g
o 4
<
g 3
g 2
& 1
O LU T T T T T
T N O N N = N OO M N = N oM N o N OO N Hn oM N d n NN
I N N N ;NN T NN O VW O NDNOO OO0 OO OO O O
_1 Lo R e I o B e B o |
Time (min)
DS-L10
Figure 6: Histogram of firing pattern of CA1 pyramidal neurons before and after D5-L10 injection
In co-administration of Donepezil 15mg/kg - activity in 2 neurons. Co-injection reduced 35 to

Lovastatin 30mg/kg (D15-L30), Paired sample T- 81% in 2 neurons.

test showed no significant increase in the firing 45

frequency of neurons compared to baseline g 4 -

activity  after  injection  [(t=-1.785,df=14, % 3.5 -

P=0.096)] (figure 7). In this group, 15 neurons ggzi

from 11 rats were recorded, and observed that co- §° °§' >

administration of Donepezil 15mg/kg - Lovastatin ?, il 1.5 -

30mg/kg excited 4 neurons, unaffected 9 neurons, _:;‘: 19

and inhibited 2 neurons (figures 8,9). Increased ) O'Z 1

activity of hippocampal CALl pyramidal neurons _ baseline D15-L30
showed that injection increased 70 to 100% Figure 7: Effect of D15-L30 on the firing frequency of the
activity in 2 neurons, and increased 120 to 190% CAL1 pyramidal neurons (P>0.05).
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Figure 8: Scatterplot representing the response of pyramidal neurons to saline and Donepezil D15-L30 mg/kg injection
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Figure 9: Histogram of firing pattern of CA1 pyramidal neurons before and after D15-L30 injection

Discussion

In this study, the effect of co-administration of
Donepezil-Lovastatin -~ was  examined  on
spontaneous activity of pyramidal neurons in a rat
model of Alzheimer's disease and it was found
that Donepezil 5mg/kg - Lovastatin 10mg/kg has
positive effects and increased spontaneous activity
of pyramidal neurons in CALl region of the
hippocampus but both drugs at higher doses (D15-
L30) had no significant effect on neuronal
activity. In the present study, the degradation of
NNB cholinergic neurons decreased the frequency
of hippocampal pyramidal neurons. NBM
cholinergic degradation patterns are used to study
the role of the cholinergic system in cognitive

functions and perception and it points to cognitive

deficits in Alzheimer's disease. The NBM is the
primary source of cholinergic projection to the
cortex and plays an important role in cognitive
processes (19). The cholinergic system, along
with other nervous systems is responsible for
storing and retrieving information in memory.
Since most neurons in the NBM are cholinergic, it
seems that the reduction of cholinergic neurons
due to NBM degradation can lead to a decrease in
the activity of hippocampal pyramidal neurons
and memory loss (8).

Drugs that emphasize only one aspect may not be
effective for the treatment of neurological
syndromes involving several pathologic factors.
In the meantime, the relationship between several

drugs or combination therapy is widely used. The
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components of combination therapy that
separately affect individual neuronal systems may
be more useful than singular therapies. Studies
have shown that several combinations of
Donepezil with other compounds had a potent
effect on cognitive functions (20). In the present
study, the combination of Donepezil and
Lovastatin (low dose) increased the activity of the
hippocampal pyramidal neurons. Cholinergic
stimulation of pyramidal neurons in the CAl
region of the hippocampus acts almost through
muscarinic receptors and increases excitatory
ability is mediated by regulation of synaptic
behavior and intrinsic properties of the membrane.
Activation of muscarinic receptors induces
depolarization and enhances the excitation of
pyramidal neurons of the CA1l region by
activation of cationic conductance as well as
inhibition of potassium activity (21). Also, it has
been shown that cholinergic stimulation leads to
enhanced conductance of high voltage-activated
calcium channels (22). Several studies have
shown that acetylcholine release and mAchR
activation lead to enhanced glutaminergic
synaptic responses in the central nervous system
(23). In the hippocampus, muscarinic receptor
agonists promote NMDA receptor-dependent LTP
induction at synapses between CA1l and CA3
pyramidal neurons (24).

Besides, several studies showed that lipophilic
statins, such as Lovastatin, decrease
acetylcholinesterase activity in the frontal cortex
of rats, leading to increased levels of
acetylcholine in the synaptic cleft (12). Also, it
was reported that Lovastatin leads to the up-

regulation of a7-nAchRs, which in a cholesterol-

independent mechanism results in increased
production of a-APPs during APP processing and
resulting in a decrease in AP levels (25)(). Studies
showed that treatment of brain slices with
simvastatin (a member of the statins family)
resulted in increased presynaptic glutamate
release and increased amplitude of LTP-
dependent  NMDA

supplements (farnesyl pyrophosphate) suppress

receptor. Isoprenoid
the effect of simvastatin on glutamate release and
LTP enhancement. The results of this study
suggested that simvastatin resulted in increased
LTP in the hippocampal slices by inhibiting the
production of farnesyl pyrophosphate (26). Also,
statins have been reported to directly increase NO
production and upregulation of eNOS. In addition,
studies have shown that statins increase eNOS
activity by activating the PI3K / Akt pathway.
Numerous studies in recent years indicate the
critical role of NO in neurophysiological
processes in learning and memory. Inhibition of
the NO system damages the memory of rats while
stimulating NO production improves cognitive
function in Alzheimer's patients. NO probably
acts as a secondary reversal messenger in LTP
formation at the molecular level of learning and
memory processes (27).

The results of this study show that NMB
degradation as an Alzheimer's disease model
reduces the excitability of these neurons by
altering the electrophysiological properties of
hippocampal CA1 pyramidal neurons in the form
of reduced frequency. However, treatment with
Lovastatin and Donepezil (low dose) increased the
excitability of hippocampal CAl pyramidal

neurons and could improve cognitive impairment
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in Alzheimer's disease. Administration of high
doses simultaneously antagonizes the stimulating
effect of Donepezil and Lovastatin on the activity
of pyramidal neurons. In this part of the research,
no report was found for further investigation to
provide possible mechanisms caused by the
combined injection of these drugs. How
Donepezil interacts with Lovastatin to induce
effects is not clear and requires further research.
Conflict of interest: The authors declared no
conflict of interest.

Funding: The research project was funded by
Shahid Chamran University, Ahvaz, Iran.
Acknowledgments: This study was financially
supported by Shahid Chamran University, Ahvaz,
Iran (Grant No. 2341).

Ethical considerations: This study was
reviewed and approved by the Ethics Committee
of the Shahid Chamran University, Ahvaz, Iran.
(Registration Code: EE/97.24.3.17933/SCU.ac.ir).
Authors' contribution: All authors contributed

to preparing this article.

References

1. Huang Y, Mucke, L. Alzheimer mechanisms and
therapeutic strategies. cell. 2012;148(6):1204-22.

2. Resende R, Moreira, P.l., Proenca, T. . Brain
oxidative stress in a triple-transgenic mouse model of
Alzheimer's disease. Free Radical Biology & Medicine.
2008;44(12):2051-7.

3. Barnes DE, Yaffe, K. . The projected effect of risk
factor reduction on Alzheimer’s disease prevalence.
Lancet Neurology. 2011;10(9):819-28.

4. Guariglia CC. Spatial working memory in
Alzheimer's disease. Dementia & Neuropsychology.
2007;1(4):392-5.

5. Reitz C, Mayeux, R. Alzheimer disease:
epidemiology diagnostic criteria, risk factors and
biomarkers. Biochemical Pharmacology.
2014;88(4):640-51.

6. Schliebs R, Arendt, T. The cholinergic system in
aging and neuronal degeneration. Behavioral Brain
Research. 2011;221(2):555-63.

7. Gawel K, Labuz, K., Gibula-Bruzda, E., Jenda, M.,
Marszalek-Grabska, M., Filarowska, J. . Cholinesterase
inhibitors, Donepezil and rivastigmine, attenuate
spatial memory and cognitive flexibility impairment
induced by acute ethanol in the Barnes maze task in
rats. Naunyn-Schmiedeberg's Archives Pharmacology.
2016;389(10):1059-71.
8. Zahedi M, Hojjati, M.R., Fathpour, H., Rabiei, Z.,
Alibabaei, Z. . Effect of rheum ribes hydro-alcoholic
extract on memory impairments in rat model of
Alzheimer disease. Iranian Journal of Pharmaceutical
Research. 2015;14(4):1197-206.
9. Berger-Sweeney J, Heckers, S., Mesulam, M. M.,
Wiley, R. G., Lappi, D.A., Sharma, M. . Differential
effects upon spatial navigation of immunotoxin-
induced cholinergic lesions of the medial septal area
and nucleus basalis magnocellularis. Journal of
Neuroscience. 1994;14(7):4507-19.
10. Peng W, Yang, J., Yang, B. . Impact of statins on
cognitive deficits in adult male rodents after traumatic
brain injury: a systematic review. Biomed Research
International. 2014;13(1):220-229.
11. McFarland A, Anoopkumar-Dukie, S.H., Arora, D.,
Grant, G., McDermott, A., Davey, A. Molecular
Mechanisms Underlying the Effects of Statins in the
Central Nervous System. . International Journal of
Molecular Sciences. 2014;15(11):20607-37.
12. Dolga AM, Nijholt, .M., Ostroveanu, A.
Lovastatin induces neuroprotection through tumor
necrosis factor receptor 2 signaling pathway. Journal of
Alzheimer’s Disease. 2008;13(2):111-22.
13. Mendoza-Oliva A, Ferrera, P., Fragoso-Medina, J.,
Airas, C. . Lovastatin differentially affects neuronal
cholesterol and amyloid-p production in vivo and in
vitro. CNS  Neuroscience &  Therapeutics.
2015;21(8):631-41.
14. Li R, Xu, D.E., Ma, T. Lovastatin suppresses the
aberrant tau phosphorylation from FTDP-17 mutation
and okadaic acid-induction in rat primary neurons.
Journal of Neuroscience. 2009;294(1):14-20.
15. Dolga AM, Granic, 1., Nijholt, .M. . Pretreatment
with  Lovastatin  prevents N-methyl-D-aspartate-
induced neurodegeneration in the magnocellular
nucleus basalis and behavioral dysfunction. Journal of
Alzheimer’s disease. 2009;17(2):327-36.
16. Rabiei Z, Rafieian-Kopaei, M., Heidarian, E.,
Saghaei, E., Mokhtari, S.H. . Effects of Zizyphus
jujube extract on memory and learning impairment
induced by bilateral electric lesions of the nucleus
basalis of meynert in rat. Neurochemical Research.
2014;39(2):353-60.
17. Horvath KM, Hartig, W., Van Der Veen, R,
Keijser, 1.J., Mulder, J., Ziegert, M., Van Der Zee, E.E.
17beta-estradiol enhances cortical cholinergic
innervation and preserves synaptic density following
excitotoxic lesions to the rat nucleus basalis
magnocellularis. Journal of Neuroscience.
2002;110(3):115-123.
18. Green JT, Arenos, J. D. . Hippocampal and
cerebellar single unit recording during delay and trace

DOI: https://doi.org/10.18502/aptj.v3i2.13461

Page94



Adv Pharmacol Ther J. 2023;3(2) The Effect of Donepezil and Lovastatin on Pyramidal neuron in Alzheimer’s disease

eyeblink conditioning in the rat. Neurobiology
Learning and Memory. 2007;87(2):269-84.

19. Liu A, Chang, R., Pearce, R., Gentleman, S. .
Nucleus basalis of mynert revisited: anatomy, history
and differential involvement in Alzheimer‘s and
Parkinson’s  disease. = Acta  Neuropathologica.
2015;129(4):527-40.

20. Kroker KS, Rast, G., Giovannini, R., Marti, A,
Dorner-Ciossek, C. Inhibition of acetylcholinesterase
and phosphodiesterase-9A has differential effects on
hippocampal early and late LTP. Neuropharmacology.
2012;62(5-6):1964-74.

21. Yamada-Hanff J, Bean, B. Persistent sodium
current drives conditional pacemaking in CAl
pyramidal neurons under muscarinic stimulation.
Journal of Neuroscience. 2013;33(38):15011-21.

22. Fraser D, MacVicar, B. . Cholinergic-Dependent
Plateau Potential in Hippocampal CAl Pyramidal
Neurons. Journal of Neuroscience. 1996;16(13):4113-
28.

23. Gold P. Acetylcholine modulation of neural
systems involved in learning and memory.
Neurobiology Learning and Memory. 2003;80(3):194-
210.

24. Fernendez D, Nun, A., Borde, M., Malinow, R.,
Bun, O.W. . Cholinergic-mediated IP3-receptor
activation induces long-lasting synaptic enhancement
in CAl pyramidal neurons. Journal of Neuroscience.
2008;28(6):1469-78.

25. Wang Q, Yan, J,, Chen, X., Li, J., Yang, Y., Weng,
J. . Statins: Multiple neuroprotective mechanisms in
neurodegenerative diseases. Experimental Neurology.
2011;230(1):27-34.

26. Cole SL, Grudzien, A., Manhart, 1.0., Kelly, B.L.,
Oakley, H., Vassar, R. . Statins cause intracellular
accumulation of amyloid precursor protein, beta-
secretase-cleaved fragments, and amyloid beta-peptide
via an isoprenoid-dependent mechanism. The Journal
of Biological Chemistry. 2005;280(19):18755-70.

27. Daneschvar A, Mark, D., Aronson, B., Gerald, W.
Do statins prevent Alzheimer's disease? A narrative
review. European Journal of Internal Medeciene.
2015;26(9):666-9.

Page95

DOI: https://doi.org/10.18502/aptj.v3i2.13461



