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Abstract 
Plasmalogens are  a  kind of 

membrane glycerophospholipids with 
special properties. They are characterized 
by the inclusion of vinyl- ether linked 
alkyl chain at the sn-1 position of the 
glycerol backbone, and typically  a 
polyunsaturated fatty acyl chain at the sn- 
2 position. These two characteristics 
provide new properties to these 
compounds. Plasmalogens are essential to 
human health, and play important roles in 
neuronal development, immune response 
and as an endogenous antioxidants. 
However, the mechanism of their related 
biological functions is still unclear. 
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Introduction: 
Plasmalogens are a naturally 

occurring glycerophospholipid mainly in 
the form of phosphatidylcholine (PC) and 

phosphatidylethanolamine (PE)[1]. 
Plasmalogens are existed almost in all 
mammalian tissues and their average 
percentage is about 15–20% of total 
phospholipids. [2] Plasmalogens is 
thought to be related to membrane anti- 
oxidant function and bilayer formation. In 
addition, they have a variety of biological 
activities, including improving cognitive 
function, preventing neuroinflammation 
and inhibiting neuronal cell death.[3] 
Defective of plasmalogens synthesis or 
reduced levels of Plasmalogens have been 
associated with a range of 
neurodegenerative diseases. However, 
whether Plasmalogens play a causal role 
in these disease states or represent the 
outcome of a pathological process has not 
been fully established. In this review, the 
potential mechanism of the changes in 
Alzheimer's disease and the new progress 
in clinical trials of the treatment in 
Alzheimer's disease with plasmalogens 
are reviewed 

 
Plasmalogens and Alzheimer's disease: 

Alzheimer disease (AD) is a 
progressive neurodegenerative disorder 

characterized by brain deposition of 
senile (neuritis) plaque containing β- 
amyloid (Aβ), neurofibrillary tangles, 
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synaptic loss, neuroinflammation and 
overexpression of arachidonic acid (AA, 
20:4N-6) metabolizing enzymes.[4] 
Studies have shown that the concentration 
of plasmalogens in the brains of AD , 
especially PC, is significantly reduced in 
the affected areas of the brain. The degree 
of reduction was associated with 
cognitive deficits .[4] Wood et al. reported 
that erythrocyte plasmalogen levels 
correlate with disease severity, suggesting 
a systemic etiology for the reduction of 
plasmalogen in AD.[5] 

It is well known that oxidative 
damage is increased in the brain of AD 
due to age-related decreased energy 
supply, mitochondrial dysfunction, 
glutamateric neurotransmission, and 
accumulation of Aβ. Aβ itself has been 
described as an oxidizing agent.[6] Aβ 
also can further catalyze the production of 
reactive oxygen species (ROS).[7] It was 
found that the accumulation of amyloid 
beta precursor protein (APP) could lead to 
the increase in cellular ROS levels.[1] 
Therefore, oxidative stress caused by Aβ 
and ROS can accelerate the progression 
of AD. Compared with other glycerol 
phospholipids, plasmalogens are easily 
oxidized and have a different pathway of 
oxidation degradation due to the existence 
of α, β-unsaturated ether linkage. The 
inhibition effect of plasmalogens on lipid 
oxidation may be related to the direct 
reaction between plasminogen specific 
enol ether double bond and oxidant. 
Therefore one enol-ether double bond is 
able to scavenge two peroxy radicals.[8] 
It has been demonstrated that 
plasmalogen markedly delays the 
oxidative degradation of intrachain 
double bonds in polyunsaturated diacyl 
phospholipids as the products of enol 
ether oxidation do not propagate the 
oxidation of polyunsaturated fatty acids. 

Thus brain membrane plasmalogen is 
apparently a target for reactive oxygen 
species which are generated under various 
oxidative stress conditions in AD.[9] 
Because vinyl ethers are highly 
susceptible to ROS and oxidation, the 
decrease in plasmalogens levels is likely 
due to the increased oxidative stress that 
occurs in AD pathogenesis.[10] Thus, it is 
suggested that plasmalogens can act as a 
scavenger to protect other lipids, 
lipoproteins and endothelial cells from 
oxidative damage by scavenging peroxy 
radicals and other reactive oxygen 
species.[8] 

Conversely, the reduction of 
plasmalogens may further enhance 
ongoing oxidative damage in AD and 
alter membrane properties to promote 
further damage.[11] Increased membrane 
free cholesterol increases the production 
of Aβ from amyloid precursor protein 
(APP). However cholesterol esters 
stimulate non-amyloidogenic APP 
degradation . Lack of plasmalogens lead 
to higher levels of membrane free 
cholesterol, which facilitates Aβ 
production. Therefore, the reduction of 
plasmalogens in AD may promote the 
production of Aβ. In addition an in vitro 
study has shown that Aβ aggregation can 
be modulated by plasmalogens.[12] 

In addition, since PE are major 
endogenous lipid constituents that 
facilitate membrane fusion of synaptic 
vesicles associated with neurotransmitter 
release, the loss of PE may adversely 
affect synaptic structure and function. 
Thus this potentially contributing to the 
synaptic dysfunction and 
neurotransmitter depletion observed in 
AD.[11] 

 
Regarding the possible mechanism of 
plasmalogen reduction in AD : 
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1.  Plasmalogens synthesis is 
initiated in peroxisomes , and therefore 
changes/damages in peroxisome would 
result in alterations in plasmalogen 
synthesis. Peroxisome deficits have been 
reported in the liver and brain of AD 
subjects. [11]On the other hand, it has 
also been shown that increased Aβ and 
ROS reduced the expression of a rate- 
limiting enzyme, alkyl-dihydroxyacetone 
phosphate-synthase, for plasmalogens de 
novo synthesis, due to the dysfunction of 
peroxisomes where plasmalogens are 
biosynthesized, resulting in a decrease in 
plasmalogen level.[11] 

2.  Decreased levels of plasmalogen 
have been observed in neuroinflammation 
and that might lead to a diminished level 
due to the antioxidant properties of 
plasmalogens that protect cells from 
oxidative stress . Considerable evidence 
has suggested that there is a connection 
loop between Aβ accumulation, 
neuroinflammation, ROS production, and 
plasmalogen deficiency. In addition, 
plasmalogen-selective phospholipase A2 
(Pls-PLA2) degrades PE by releasing 
DHA or arachidonic acid from the 
glycerol backbone at the sn-2 position. 
And this process is possibly activated by 
production of ceramide under 
inflammatory conditions which might 
contribute to the loss of PE in the 
brain.[11] 

3.  PKCδ is an isoform of protein 
kinase C (PKC) family proteins. 
Activation of PKCδ is associated with 
neuroinflammation and various 
neurodegenerative diseases, including 
AD. Studies have shown that there is a 
significant correlation between the 
decrease of PE and the increase of PKCδ 
expression in glial cells. Callop-derived 
plasmalogens (sPLs) can reduce PKCδ 
which possibly by inhibiting the 

expression of p38 and JNK proteins 
involved in the regulation of PKCδ in 
microglia.[13] 

 
Possible mechanisms of plasmalogens 
in the treatment of AD :. 

1.  Cellular signaling experiments 
showed that plasmalogens prevent 
neurons death by enhancing 
phosphorylation of the phosphoinositide 
3-kinase (PI3K)-dependent 
serine/threonine-specific protein kinase 
AKT and extracellular-signal-regulated 
kinases ERK1/2.[14] The mechanism is 
that PE activated orphan GPCR (G- 
protein coupled receptor) proteins to 
induce ERK signaling in neuronal cells. 
Overexpression of GPCRs enhanced PE- 
mediated phosphorylation of ERK and 
Akt in cells. When endogenous PE were 
reduced, GPCRs-mediated cellular 
signaling transduction was significantly 
reduced. 

2.  γ-secretase is a membrane- 
associated aspartic protease that catalyzes 
the final step in the production of Aβ. PE 
can decrease the activity of γ-secretase. In 
vitro studies showed that the increase of 
the phosphatidylethanolamine 
plasmalogen  (PEPls)/ 
phosphatidylethanolamine (PE) ratio 
could inhibit the activity of γ-secretase 
and decrease the production of Aβ. The 
effect of PE/PEPls on γ-secretase activity 
may be due to the phospholipid head 
group and the existence of vinyl ether 
bond in PEPls.[16] 

3.  Caspase-9 is associated with 
intrinsic apoptosis pathway and has also 
been reported to be involved in neuronal 
cell death . Plasmalogens treatment was 
found to effectively reduce the activation 
of caspase-9, leading to the inhibition of 
apoptosis. The mechanism may be that 
Plasmalogens-mediated activation of 
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AKT and ERK can inhibit caspase-9 
probably by targeting Bad protein.[14] 

 
Therapeutic effect of plasmalogens on 
AD: 

1.  It has been reported in animal 
experiments that peripheral intravenous 
injection of plasmalogens in rats can 
increase plasmalogens content in  the 
brain and inhibit lipopolysaccharide (LPS) 
-induced microglial activation, resulting 
in reduced neuroinflammation   and 
accumulation  of  β-amyloid  protein 
(Aβ).[17] A more recent study in rats 
demonstrated the   potential of oral 
administration   Eicosapentaenoic  acid 
(EPA)-enriched    PE  plasmalogen 
(150 mg/kg body weight per day) isolated 
from sea cucumbers (Cucumaria frondosa) 
to ameliorate Aβ-induced neurotoxicity 
by restraining oxidative stress, neuronal 
injury, apoptosis   and   neuro- 
inflammation.[1] 

2.  In a 24-week multicentric, 
randomized, double-blind, placebo- 
controlled human trial, oral 
administration of purified scallop-derived 
plasmalogens (1mg/day) significantly 
improved memory function in women 

with mild AD and in patients under 77 
years of age, but only in patients with 
mild cognitive impairment.[18] 

 
Conclusion： 

Many studies have shown a link 
between a deficiency of plasmalogens and 
AD, but it is not clear whether reduced 
plasmalogens in the brain of AD patients 
are a cause or consequence of the disease. 
Therefore, further studies are needed to 
determine the relationship between 
plasmalogens and AD. At present, the 
number of literature on the clinical 
efficacy of plasmalogens for AD is not 
enough. Due to some promising results in 
animal studies, studies on the molecular 
mechanisms of plasmalogens' action in 
patients with AD and further clinical trials 
will help determine whether 
plasmalogens can be used as novel agents 
for the treatment of AD. 
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