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Abstract

Cardiovascular complications in Alzheimer's disease (AD) patients can occur years to 

decades prior to the onset of clinical symptoms of the disease. Donepezil represents 

the most effective drug in the treatment of AD. However, the potential effect of do

nepezil on vascular function and structure remains largely unexplored. Here, we as

sessed the impact of donepezil on the vascular phenotype of an established model of 





with donepezil. Treatment with donepezil was administered from the 4th to the 6th 



euthanized, and their mesenteric arteries were processed for functional experiments. 

 









          



nitive impairment is associated with endothelial dysfunction and vascular remodeling

which could contribute to cardiovascular events in AD since the prodromal phases of 

the disease. Treatment with donepezil alleviates vascular dysfunction associated with 

AD through an increase in NO availability likely by counteracting inflammation and 

oxidative stress.
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 PELLEGRINI .ET AL

 | 

Dementia is a clinical syndrome characterized by a progressive de

cline in two or more cognitive domains, including memory, language, 

visuospatial function, personality, and behavior, which causes loss of 

abilities to perform instrumental and/or basic activities of daily living.1

Alzheimer's disease (AD) represents by far the most common cause of

dementia and accounts for up to 80% of all dementia diagnoses.1

In attempting to ascertain the underlying etiology of AD, a com

monly overlooked pathological aspect of the disease is the presence 

of concomitant cerebrovascular pathology, that might contribute

to the process of neurodegeneration underpinning AD evolution.2

Indeed, AD patients show a marked cerebrovascular damage, char

acterized by brain small vessel disease that compromises blood flow 

distribution.3 These chronic vascular alterations seem to have an 

impact on amyloid clearance and neuronal metabolism.2 

studies have described the presence of mitochondrial dysfunction, 

       

nitric oxide (NO) bioavailability via

AD patients compared to controls.4

 At present, donepezil, an inhibitor of acetylcholinesterase, 

represent the most common drug used for the treatment of AD. 

Interestingly, beyond its capacity to increase acetylcholine (Ach) 



scavenging properties, thus suggesting a more complicated way of 

action of this drug.5

Based on these premises, it is conceivable that donepezil ad

ministration could potentially improve the vascular alterations com

monly associated with AD and partially account for the cognitive 

benefits observed during treatment. However, the potential effect 

of donepezil on vascular function and structure remains largely un

explored. For this reason, this study was designed to examine the 

effect of donepezil administration on the vascular dysfunctions in a 

murine model of AD.

  |

 | 



          





velops spontaneously early memory and learning deficits, with simi

lar features to those observed in AD patients.6

Animal care and handling were in accordance with the provi

       



were approved by the Ethical Committee for Animal Experimentation 





  |

Based on the previous evidence6,7 showing an impairment of cog

nitive and motor functions along with intestinal motor dysfunc





to examine the effect of donepezil administration on the vascular 



mals at 4 months of age were treated orally with donepezil (3 mg/





The dose of donepezil was selected on the basis of a previous 

study.8 At the end of treatment, subgroups of animals were em



terations of cognitive functions. One day after the end of cognitive 

tests, the animals were euthanized by cervical dislocation and mes

enteric arteries were dissected and processed for functional experi

ments, as described below.

  |



viously described by Pellegrini et al.6 Briefly, mice were allowed to 

swim and find the visible platform within 60 s. Each animal was sub

jected to sessions of four trials every day for 2 days. Escape latency 



platform training was performed by submerging the platform 1.5 cm 



to sessions of four trials every day. Finally, on the eighth day, the 

platform was removed from the tank for the probe trial. The number 

of target crossings and the entries into the target quadrant where 

the platform was placed were assessed in 60 s. Data were expressed 

as raw values.

  |

functional experiments





       9

       

Alzheimer's disease, endothelial function, mild cognitive impairment, oxidative stress
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|PELLEGRINI .ET AL

 

pressure maintained at 45 mmHg.

    

experimental groups were defined by the vasodilatory response to

 

precontracted with noradrenaline (NA, 10 





we performed preliminary experiments to assess the amount of

vasoconstriction induced by increasing NA concentrations (from 

1 to 100 







 

(100 

deactivated by perfusion with Ca2+



sured in three different points from each small artery to obtain 

      

sure of 45 mmHg (Virdis et al., 2003). This parameter is an index 

of structural abnormalities in resistance arteries. An increment of 

        

the vessel wall resulting in an increased risk of developing car



index of hypertrophic remodeling of vascular wall, was obtained 

        

areas using external plus lumen diameters, as previously described 

(Bruno et al., 2017).

To confirm a potential influence of donepezil on vascular func

       n = 3) and from 

n = 3) mice were acutely incubated with donepezil alone 

 



 | 

Data are presented as mean ±

       



     

post hoc test where appropriate. A .05 was considered sigP value < 

nificantly different.

 | 

 | 



nificant change in cognitive functions (data not shown). Therefore, 

we adopted the animals treated with donepezil vehicle mice as a 

control group for the evaluation of the drug under investigation, de

signed as a test drug.

        

played a significant increase in the escape latency time, as compared 







nificant decrease in the escape latency time (Figure 1A).

During the probe trial, the number of target crossings as well 

as the entries into the target quadrant were significantly decreased 

         



nificant increase in the number of target crossings as well as the en



mice (Figure 1B,C).

 | 

relaxation and remodeling

         

         µ

ascorbic acid (100 µ

donepezil did not modify the patterns of responses to ACh in mes

enteric vessels, in the absence or in the presence of ascorbic acid 

 





       

      

incubation with ascorbic acid (Figure 2A). Chronic supplementation 







the positive effects of donepezil chronic supplementation on en



  



donepezil did not cause further vasodilation (Figure 2A).

In the experiments testing the capacity of donepezil to induce an 





ing the presence of endothelial dysfunction. The acute incubation of 











as it was observed, instead, in untreated vessels from the same mice 

(Figure 2B).



 

    

20521707, 2021, 9, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
. B

y C
rui C

onferenza D
ei R

ettori- on [08/11/2021]. R
e-use and distribution is strictly not perm

itted, except for O
pen A

ccess articles





 PELLEGRINI .ET AL

  



groups (Figure 2C).

 | 

To extend current knowledge about the effects of acetylcholinest

erase inhibitors in counteracting vascular remodeling and endothe

lial dysfunction associated with AD, in this study, we examined the 

effects of donepezil on the vascular phenotype of an established 



taneously early learning and memory deficits starting from 6 months 

of age with similar features to AD patients, can be an extremely valu

able model to investigate cardiovascular symptoms in the prodromal 

phases of AD.6,7

In the first set of experiments, we demonstrated that mesenteric 



  

  







ascorbic acid. According to the current results, it has been observed 



10

Based on these findings, it is conceivable the occurrence of vas

cular oxidative stress in the prodromal phase of AD could contribute 

to a generalized endotheliopathy which is detectable also at the level 

of the central nervous system. Indeed, clinical evidence reported a 

correlation among AD, increased systemic oxidative stress and in

flammation and compromised vascular function.5

Of note, a greater endothelial dysfunction in human small ves

sels is associated with a more severe microvascular remodeling.11

   

         

served in the same animals as compared to the untreated group. This 

hypothesis is supported by recent studies showing that donepezil, 

besides inhibiting acetylcholinesterase, attenuates the vascular dys

function associated with AD, by counteracting oxidative stress and 

inflammation.5,12

Based on the above considerations, in the second part of this 

study, we focused our attention on characterizing the potential 

mechanisms through which donepezil could counteract the endo

 

ment of endothelial function observed in mesenteric vessels from

 



able to affect the vascular response to Ach. These results sug

gest the beneficial effects of donepezil on endothelial functions

could be ascribed to its ability to increase NO availability, probably 

through a reduction of the vascular levels of oxidative stress. To 

confirm this hypothesis, we show that the acute in vitro incubation 

of mesenteric arteries with donepezil improved endothelial func

tion, and, similarly to what was observed with the chronic sup

    

not affected by ascorbic acid incubation. The separation between 



out donepezil occurred from Ach concentrations in the order of 

10         

  

 n = n  5), and =

n = 4),

during the training and probe trial 









water maze test training; (B) number of 

target crossings and (C) entries into the 

target quadrant. Data are expressed as 

mean ±

Differences among groups were evaluated 







Tukey's post hoc test where appropriate. 

*p < .05, significant differences versus 

£p  .05, significant <


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limited capacity to identify clear changes in the vasorelaxation 

at lower doses of Ach might depend on the limited ability of the 

myographic technique to capture minimal changes in the diame

ter of the arteries, combined with the limited number of animals 

included in the experiments. However, these results could also

depend on a potential limited benefits of the antioxidant capacity 





this is a possibility, the chronic supplementation experiments doc

umented that the magnitude of endothelial function improvement

induced by donepezil is probably sufficient to induce long term 

positive changes on the vascular remodeling associated with AD, 



properties, resulting in a preserved NO availability within the 

vascular wall. The exact molecular mechanisms through which

donepezil preserve NO availability remains to be elucidated and 

requires further investigation. In addition, the potential benefits 

of therapies that improve endothelial function on the cognitive 

decline related to AD requires confirmation by means of additional 

experimental approaches.

 

AD model, cognitive impairment is associated with endothelial dys

function and vascular remodeling which could contribute to cardio

vascular events in AD patients since the prodromal phases of the 

disease. In this context, donepezil alleviates vascular dysfunction 

associated with AD through an increase in NO availability likely by 

counteracting inflammation and oxidative stress.

Overall, these findings set the ground for better understand

ing the mechanisms underlying vascular dysfunction in AD and 

pave the way to the identification of novel pharmacological ap

proaches for the management of cardiovascular disorders asso

ciated with AD.

  



of mesenteric resistance arteries to 

acetylcholine alone, or in combination



(n =n =

chronically treated with donepezil (n = 4) 

mice. Data are expressed as mean ±

Differences among groups were evaluated 



post hoc test **  .001. (B) Effects on p <

endothelial function of acute incubation 

with donepezil with or without ascorbic 

n  3) or =

n  3) mice. Data are =

expressed as mean ±



ANOVA followed by Tukey's post hoc test 

*p <



n  5), =

 n =

with donepezil (n  4) mice. Data are =

expressed as mean ±



ANOVA followed by Tukey's post hoc 

test. *  .001 p <p <
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