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Introduction
Phosphatidylserine (PS), a ubiquitous, endogenously-

occurring phospholipid, is the major acidic phospholipid in
the brain. PSisembedded in cell membranes, and along with
other phospholipids, makes up the basic structural compo-
nents of the cell membrane. These membrane phospholipids
play animportant rolein cell-to-cell communication and trans-
fer of biochemical messages into the cell, which trigger cel-
[ular responses. The proper functioning of these processesis
of ultimate importance, especialy in the central nervous sys-
tem. It istheorized that PS enhances cellular metabolism and
communication by influencing the fluidity of cell mem-
branes.** Oral supplementation of PS has been shown to af-
fect neuronal membranes, cell metabolism, and specific neuro-
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transmitter systems, including acetylcholine, norepinephrine,
serotonin, and dopamine.** Numerous clinical trials have established that PS exerts significant benefit
for cognitive functioning, especially those functionswhich tend to decline with age, including memory,
learning, vocabulary skills, and concentration.®

PSisformed in the body from the amino acid L-serine, glycerophosphate, and two fatty acids.
Some PSis converted to phosphatidylethanolamine, which isin turn converted to phosphatidylcholine.
Phosphatidylethanolamine can al so be enzymatically converted into phosphatidylserine; however, these
conversions are energy costly.®

Aging is commonly associated with structural and biochemical changesin the brain, including
derangement of neuronal membrane lipid composition and enzymatic activity, decreased neurotrans-
mitter synthesis and metabolism, and/or decreased synaptic density.: Age-related alterations in neu-
ronal membrane composition can cause neurochemical changes which can contribute to an increasein
the viscosity of cellular membranes, thus reducing enzymatic activities that require optimum fluidity.
These cell membrane changes can be indirectly responsible for alterations in enzymatic activities,
receptor functions, membrane carriers, and neuronal electrical characteristics, resulting inimpairments
in behavior, memory, and learning.

PS dosing in aged rats increases dopamine release from the striatum and stimul ates acetylcho-
line release from the cerebral cortex, in addition to preventing age-induced loss of dendritic spinesin
the hippocampal pyramidal neurons and atrophy of cholinergic cellsin the basal forebrain.®

Human studies using PET scanning to investigate brain glucose utilization in Alzheimer’s pa-
tients noted increases in glucose utilization in PS-supplemented patients, especialy in the temporo-
parietal areas which are specifically affected by Alzheimer’s.”*°

PS may aso protect cells from damage produced by free radicals. A significant decrease in
damage to cultured human fibroblasts from the enzymatic oxidation of acetaldehyde by xanthine oxi-
dase was noted in cultures pre-treated with PS.*
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Pharmacokinetics and Toxicity

Pharmacokinetic studies indicate exogenous PS crosses the blood-brain barrier, where it ap-
pears to have an affinity for the hypothalamus. Oral administration resultsin peak levelsin one to four
hours. The oral LD, in ratsis>5 g/kg body weight, and no teratogenicity was noted in rats or rabbits.
Mutagenic testing was negative.’? In a tolerability and toxicity study of 130 patients, no significant
changes were noted in CBC or serum chemistry results, except for asignificant decrease in SGPT and
uric acid levels.3

Clinical Applications

Age-Associated Memory Impairment/Cognitive DeclineStudies of phosphatidylserinedosing
in age-associated memory impairment indicate PSis an effective remedy for this common malady. The
largest of these studies, a multi-center, placebo-controlled study of 494 elderly patients, resulted in
significant improvements in behavioral alterations (loss of motivation, initiative, interest in the envi-
ronment, and socialization), memory, and learning in the PS group (300 mg/day) compared to pla-
cebo.® At least a dozen other studies, most using 300 mg/day, note similar significant improvementsin
learning, memory, concentration, and recall.®

Alzheimer’s Disease:Alzheimer’s Disease (AD) is another clinical indication for which
phosphatidyl serine has received attention. Generally, PS produces significant improvement in anxiety,
motivation, memory, and cognition.*”1°1415 |n a placebo-controlled study of 142 AD patients, PS was
given (200 mg/day) for three months, and the patients were followed for 24 months. In a subgroup of
patients with severe cognitive impairment, significant improvements were noted on the Blessed De-
mentia Scale (activities of daily living, information processing, persona and non-personal memory)
three months after treatment cessation.™ In other studies, most using 300-400 mg/day, improvement
tended to be the greatest in those with less severe cognitive impairment,*#°14 and in one study were
transient, fading after 16 weeks.’

Depression:Maggioni and colleagues studied the effects of oral PS (300 mg/day) on depressed
geriatric patients not exhibiting dementia and noted significant improvement in depressive symptoms
after 30 days. Memory and behavioral symptoms were also improved compared to placebo.¢8

Chronic Stress/Hypercortisolism: It appears PS might modulate cortisol release in stressful
situations. In a study of exercise-induced stress, both ACTH and cortisol were lower after exercise in
healthy volunteers taking 800 mg/day PS versus placebo. It was thought that PS affected hypothalamic
release of corticotropin-releasing factor, an activator of the hypothalamic-pituitary-adrenal axisin re-
sponseto stress.™® Thismay provide someinsight into the effect of PS on depression, as hypercortisolism
Is acommon finding in depression.

All of the aforementioned clinical studies utilized PS extracted from bovine brain. Sincethisis
not a desirable commercial source due to the potential for transmission of slow-virus infection,
phosphatidyl serine derived from soybeans has been devel oped for oral supplementation, and has been
in use approximately four years. Two studies utilizing soy-derived PSindicateit has similar therapeutic
properties as bovine brain-derived PS.202
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