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A patient came into the pharmacy to pick up a new 
prescription for oxybutynin 5 mg daily for the treatment of an 
overactive bladder.  The pharmacist noticed that this patient 
was also taking donepezil 10 mg daily for the treatment of 
Alzheimer’s disease (AD). These two drugs have opposing 
mechanisms; donepezil works to increase the levels of 
acetylcholine (ACh) in the body, while oxybutynin works to 
block the effects of ACh.  This project explores the molecular 
interactions of donepezil binding to acetylcholinesterase 
(AChE) and discusses the mechanism of the drug-drug 
interaction with oxybutynin. 

ACh is a major neurotransmitter involved in the 
pathophysiology of AD.  A decrease in levels of ACh in the 
brain is thought to be involved in some of the cognitive 
symptoms of AD, specifically memory loss. Donepezil is a 
reversible AChE inhibitor, which binds to the active site of the 
enzyme that degrades ACh and thus prevents the hydrolysis 
of it.  The result is an increased concentration of ACh in the 

Figure 1. Nicotinic acetylcholine 
receptor from the side and top views2 

Figure 2. 
Structure of 
donepezil3 

The structure of donepezil is made up of a 
dimethoxyindanone portion, a piperidine portion, and a 
benzyl ring, as seen in figure 2.  All three segments of the 
molecule have specific interactions within the binding site of 
AChE.3  The most important interactions are shown in figure 3.   

• The benzyl ring is involved in a parallel π-π stacking interaction with the 
Trp84 

• The piperidine ring with a charged nitrogen interacts with Phe330 and the 
nitrogen also forms a hydrogen bond with a water molecule  

• A π-π interaction happens between the dimethoxyindanone ring and the 
ring of Trp279 

Figure 4. Close up of donepezil binding pocket 
with interacting amino acid residues. Carbon 
(gray), nitrogen (blue), and oxygen (red) 

Figure 5. Ribbon structure of 
donepezil bound to AChE 

The interaction between donepezil and oxybutynin happens indirectly.  
Oxybutynin is an antagonist of ACh primarily at the muscarinic receptors in 
the bladder.4 Due to structural similarities of the alpha-7 nicotinic receptors 
involved in memory and cognition and the muscarinic receptors in the 
bladder, oxybutynin can bind to both.  When the receptors in the brain are 
bound, the beneficial effects of donepezil are reduced because even though 
ACh concentrations are increased, there are fewer available binding sites for 
signal transmission. 

Despite the efficacy of donepezil in reducing symptoms of AD, 
there are still drug interactions and undesirable side effects 
such as diarrhea, nausea and muscle cramps.  There are voids 
within the binding site that are not occupied by donepezil and 
could provide sites for potential modification.  This may result 
in compounds that have even further selectivity and fewer side 
effects.3 The unmodified benzyl group on the nitrogen atom of 
donepezil seems to be an essential requirement for the 
inhibitory activity of AChE.  Figure 6 shows the “R” sites on the 
donepezil structure that may be modified by substituting ether 
groups, methyl groups, or other substituents. This may change 
how it interacts with other molecules or how it binds to the 
active site itself.  

Figure 6.  Molecular structure 
showing sites where 
modifications may be made5 

Figure 7.  An example of donepezil 
molecular modification5  

Donepezil inhibits AChE, leading to more available ACh  and 
improved cognitive functioning.  Although donepezil has an 
important place in AD therapy, there are still some 
disadvantageous side effects and drug interactions.  
Modification of the structure of donepezil is the next step to 
creating a drug with fewer negative effects and greater 
potency. 
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Additional representations of donepezil in the binding pocket of AChE are 
shown in figures 4 and 5. 

Alzheimer’s disease (AD) is a debilitating and incurable 
disease.  While there are relatively few pharmacological 
treatments available for AD, donepezil and compounds like it 
are beneficial due to their role in increasing levels of 
acetylcholine in the brain which results in fewer symptoms. 

The addition of substituents 
to the donepezil backbone is 
shown in figure 7. The 
increase of steric hindrance, 
due to the presence of 
substituents may fill the 
active site of AChE better 
than the original structure of 
donepezil to decrease side 
effects and interactions.  

synapses available for 
neurotransmission1.  Figure 
1 shows the alpha-7 
nicotinic ACh receptor that 
is especially important in the 
cerebral cortex and 
hippocampus.  These areas 
aid in the regulation of 
cognitive and behavioral 
processes2. 

Figure 3. Donepezil (E2020) in 
the binding pocket of AChE. 
Three of the most important 
interactions are with Trp84, 
Trp279 and Phe330 
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