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Introduction
Two of the pathological features of Alzheimer’s disease are 

senile plaques (or neuritic plaques) and neuro fibrillary tangles, 
including amyloid-β- peptides [1]. Suggested mechanisms for 
formation of these proteins include oxidation by reactive oxygen 
species (ROS) and reactive nitrogen species (RNS), advanced 
glycation end products (AGE) formation via oxidation and metal 
compound involvement, where AOs may have a significant 
impact. A recent review addressed AGE based on oxidative 
events [2] in which quinones comprise an important class of 
electron transfer (ET) agents that generate ROS and OS. The ET 
agents are often formed by oxidation of phenolic compounds 
that make up part of drugs and physiologically active species. 
The phenolic are the focus of this commentary.

Discussion
There is early literature before 2000 for elevated levels of 

oxidative damage in vivo in Alzheimer’s disease [1]. The evidence 
involves elevations in 8-OH-dG, other DNA based oxidation 
products, protein carbonyls, nitro tyrosine, 4-hydroxynonenal 
(4-HNE), and other products from lipid peroxidation. Notably, 
4-HNE is quite toxic to neurons and senile plaques are involved 
in oxidative insult. The iron in senile plaques may facilitate 
oxidative damage via ET suggesting that inflammation from 
plaques could play a role involving ROS and RNS generation [3]. 

The importance of OS in Alzheimer’s disease has been well 
established [4] and is generally accepted. However, there remains  

 
uncertainty and debate over the role of AOs. The 2015 title raises 
the question, “should we keep trying antioxidant therapies?” [4] 
A study with vitamins E and C in Alzheimer’s disease patients 
revealed no differences in clinical outcomes. No difference in 
clinical progression was seen with the AO ginkgo bilobaor with 
estrogen in Alzheimer’s disease patients. The possible reasons 
for lack of beneficial effects were discussed; however, the study’s 
conclusion was that more studies were needed to resolve the 
conflicting aspects. In other investigations, a current 2017 report 
stated that “Oxidative stress is an established dementia pathway, 
but it is unknown if the use of AO supplements can prevent 
dementia”, with a focus on Alzheimer’s disease [5]. Another 
earlier investigation stated that there is “evidence for the 
benefits of AOs based on therapeutic intervention in dementia 
are inconsistent” with reference to Alzheimer’s disease [6]. 

This report adds support to the notion that AOs can play 
an important role in Alzheimer’s disease. However, it should 
be emphasized that selectivity is an important factor in 
determining the outcome in which various factors are involved. 
This report deals with phenolic and/or phenolic ethers as AO 
in Alzheimer’s disease. The class is well known to possess AO 
properties. However, prior literature pays little attention to this 
aspect, but instead emphasizes enzyme inhibition as the mode 
of action. These AO compounds comprise: curcumin, sesamol, 
rivastigmine, galantamine, donepezil, and piperine.
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Curcumin

Curcumin (Figure 1), a spice, is a phenol type and phenolic 
ether. The dike tone can undergo tautomerism to the keto-
enol form. The compound displays a wide spectrum of drug 
and physiological activities, including AO action [7]. In a 2008 
study, memory in people with Alzheimer’s disease was improved 
[8]; which was later supported in a 2010 review noting this 
memory property as well [9]. Additionally, recent literature 
has indicated the potential of this substance in the treatment of 
Alzheimer’s disease. Furthermore, curcumin inhibits amyloid β 
protein, amyloid β aggregation, deposition, and oligomerization. 
Improvement in animal models was noted. These reports indicate 
that curcumin may be a primary candidate for Alzheimer’s 
disease therapy. Lastly, another study in 2005 demonstrated AO, 
anti-inflammatory and anti-amyloid activity in the aspects of 
Alzheimer’s disease [10]. The AO aspect is particularly relevant, 
placing this structure in accord with ROS – OS –AO approach.

Sesamol 
Sesamol (Figure 2), present in sesame, has the common 

phenolic and phenolic ether structures. Its AO properties 
have been known for some time [11,12]. Various physiological 
responses are elicited including antifungal, which was attributed 
to signaling [13,14]. Neuro inflammation appears to be involved 
in a number of neurodegenerative disorders reported, including 
Alzheimer’s disease. Sesamol is reported to prevent inflammation 
induced memory impairment [15] and lessens inflammation 
in diabetic neuropathy. Moreover, modulation of the oxidative 
NO pathway by the phenolic prevents cognitive deficits in an 
Alzheimer’s disease animal model [15]. Again, these properties 
fit the ROS – OS –AO mechanistic scheme. 

Rivastigmine
Rivastigmine (Figure 3), a phenolic ester, is of interest as 

an agent for the treatment of mild to moderate Alzheimer’s 
disease [16]. Esterases are common enzymes that catalyze the 
hydrolysis of esters. The hydrolytic cleavage can also be achieved 
by catalysis involving a proton. The result is the generation of an 
AO phenol. In addition, the compound is an acetyl cholinesterase 
inhibitor [17]. In this case, rivastigmine is in accordance with 
ROS-OS-AO and is achieved through its proposed phenolic 
metabolite.

Galantamine
Galantamine (Figure 4), a plant alkaloid phenolic ester, is 

used for the treatment of mild to moderate Alzheimer’s disease, 
in addition to other memory disorders [18]. Along with others of 
this phenolic class, it is an acetyl cholinesterase inhibitor [19]. 
This appears to be another case in which a metabolite plays a 
key role. De methylation would yield an AO derivative, which is 
a widespread structure in this class. Dealkylation of phenolic 
ethers has been treated previously; for instance in the case of 
etoposide [20].

Donepezil
Donepezil (Figure 5), a phenolic di ether, is used as the 

standard palliative treatment of Alzheimer’s disease [21]. 
Discussion of the mechanistic aspects for galantamine would 
also apply in this case. A report on autism indicated that the 
drug could improve speech [22]. Additionally, a recent review 
provides evidence for involvement of the ROS- OS-AO mechanism 
in autism [23]. 

Piperine
Piperine (Figure 6), an alkaloid spice responsible for the 

pungency of pepper and a catechol diether, has been investigated 
in Alzheimer’s disease therapy. Also the drug enhances cognitive 
functions as well as the standard drug donepezil [24]. A dual 
mechanism appears to apply, namely AO activity and esterase 
inhibition. Additional modes of action are anti-apoptosis and 
anti-inflammation. Another study showed results superior to 
donepezil [25] in which OS was reduced. Numerous medicinal 
plants possess profound central nervous system (CNS) effects 
and AO activity [26]. Possible modes of action involve decreases 
in lipid peroxidation and esterase enzymes. A 2015 study 
revealed enhanced cognitive function; also, anti-inflammatory 
and anti-apoptotic effects were noted [27]. Again, like with the 
previously mentioned drugs, the ester may undergo catalysis 
resulting in the generation of an AO phenol.

(Figures 1- 6). Alzheimer’s disease Drugs.

Conclusion
This is the first of a planned series on brain diseases based 

on the unifying theme of ROS-OS-AO, which has been applied 
previously to many bioactive compounds and drugs. Also, a 
treatment of structure-activity relationship (SAR) for drugs 
relating to the various brain diseases discussed in this series of 
commentaries is forthcoming. A recent related review deals with 
autism [23].
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