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Why Phospholipids are a Brain Essential



Topics

1. What are phospholipids (PLs)? 

2. What do PLs do? 

– Structure (bilayers in membranes)

– Communication and reservoir of polyunsaturated fatty acids

3. Do PL levels change?

4. How are PLs made and can they be increased?



1. What Are Phospholipids (PLs)?



Classes of Complex Lipids

Adapted from Lehninger 2013 



(Escribá et al., 1997)

(Vane 2014)

(Fulimoto and Parmryd 2017) 



2. What Do PLS Do?



“The bulk of the phospholipid is organized as a discontinuous, fluid bilayer, although a 
small fraction of the lipid may interact specifically with the membrane proteins.”



V

• Simons and van Meer (1988) 
suggested existence of 
microdomains or “rafts” in 
plasma membrane

• Cholesterol-rich 
microdomains that regulate 
diverse range of cellular 
functions

• Rich in cholesterol and 
sphingolipids

• Crucial for neural 
development and function

• Many disease such as AD, 
are related to lipid rafts

(Turk and Chapkin, 2013)



Second Messengers

• In response to a variety of 
hormones or 
neurotransmitters, PLs 
break down via action of 
phospholipases:

– Phospholipase A

– Phospholipase C

– Phospholipase D

(Sun et al., 2021)



Ferroptosis

ARA

ARA

EPA

(Dyall and Michael-Titus 2008)



The Brain is Made of Fat
Brain 55% lipid, GM 35-40%, WM 50-66% and myelin 80%

(O’Brien and Sampson 1965)

1. Cholesterol

2. PLs
− Phosphatidylcholine (PC), 

phosphatidylethanolamine (PE), 
phosphatidylinositol (PI), and 
phosphatidylserine (PS)

3. Sphingolipids 
− Sphingomyelin (SM), cerebroside, 

ceramide (Cer), sulfatide (Sulf), and 
ganglioside

(Jackson et al., 2005)



(Fitzner et al., 2020)



3. Do PL levels change?



(Kosicek and Hecimovic, 2013)



(Plourde et al., 2007)



Changes with AD

•  PC and PE (PE-plasmalogens) 
– PCs and PEs show variation in SFA:PUFA and DHA 

•  PI
– Disruptions in production and signalling pathways

• Loss of PS asymmetry
–  Externalization to outer leaflet under oxidative stress

• Evidence that most, if not all, classes of PLs are implicated in the 
pathology of AD



4. How are PLs made and can they be increased?



CDP: Cytidine Diphosphate

CTP: Cytidine Triphosphate

(Wickner, 2011)



Can PL formation be increased?



LipiDidiet Clinical Trial

MRI total hippocampal volume



Summary and Conclusions

• PLs have essential cellular structural and functional roles, and 
are a reservoir of omega-3 and omega-6 PUFAs

• Ageing induces complex changes in lipid (PL) profiles across 
different brain regions

– Can affect brain function and contribute to neurodegenerative 
diseases, such as AD

–  PC and PE (PPE), and changes in fatty acid composition

– Dietary supplementation may lead to increased PL levels 
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