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Phospholipid choline

CHOLINE

Choline is the newest vitamin recognized as an essential nutrient and
assigned a daily value of 550 mg/day—and deservedly so. Choline plays vital
roles in human health and wellness and is needed in all stages of life.
Furthermore, the phospholipid form of choline known as a-Glyceryl Phos-
phoryl Choline (a-GPC) is the demonstrably preferred form of this nutrient.
This white paper will review the research on a-GPC, but first let us examine
the fundamentals of choline.



Phospholipid choline 02

Introduction to Choline
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Choline adequacy

Humans can produce choline in the liver (typically as phosphatidylcholine), but the
amount that the body naturally synthesizes is not sufficient to meet human needs. As a
result, humans must obtain some choline from the diet. Premenopausal women might
need less choline from the diet than children or other adults because estrogen induces
the gene that catalyzes the biosynthesis of choline. When a diet is deficient in folate, a
B-vitamin that is also a methyl donor, the need for dietary choline rises because choline
becomes the primary methyl donor.

Choline metabolism

When choline-containing compounds are ingested, pancreatic and mucosal enzymes
liberate free choline from about half of the fat-soluble forms (e.g. phosphocholine,
glycerolphosphocholine, and free choline) and some water-soluble forms (e.g. phos-
phatidylcholine and sphingomyelin). Free choline, phosphocholine, and glycerophos-
phocholine are absorbed in the small intestine, enter the portal circulation, and are
stored in the liver, where they are subsequently phosphorylated and distributed through-
out the body to make cell membranes. The remaining fat-soluble phospholipids (phos-
phatidylcholine and sphingomyelin) are absorbed intact, incorporated into chylomi-
crons, and secreted into the lymphatic circulation, where they are distributed to tissues
and other organs, including the brain and placenta.
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Recommended Intakes

Intake recommendations for choline and other nutrients are provided in the Dietary Reference
Intakes (DRIs) developed by the Food and Nutrition Board (FNB) of the Institute of Medicine
(IOM). Since insufficient data were available to establish an Estimated Average Requirement
(EAR) for choline, the FNB instead established Adequate Intakes (Als) for all ages that are based
on the prevention of liver damage as measured by serum alanine aminostransferase levels. The
amount of choline that individuals need is influenced by the amount of methionine, betaine, and
folate in the diet, as well as gender, pregnancy, lactation, stage of development, ability to
produce choline endogenously, and genetic mutations that affect choline needs. Additionally,
plasma choline levels are reduced following prolonged or high-intensity exercise. The table
below lists the current Als for choline.
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The daily value for choline (the one-size-fits-all dose for adults and children
over 4 years of age) is 550 mg/day.
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Choline salts vs. a-GPC

CHOLINE SALTS

Choline’s importance to human health is well
established and widely recognized. It is also
well established—but not as widely recog-
nized—that common choline salts are not
especially bioavailable or effective for cogni-
tive function. For example, a 1998 study found
that adults receiving supplements with
2450-5100 mg of choline bitartrate failed to
significantly increase cerebral choline levels.
Likewise, a 1999 study also demonstrated that
neither short-term nor long-term choline sup-
plementation (as lecithin) altered choline
metabolites in the human brain. This is consis-
tent with a more recent 2016 study showing
that daily supplementation with 2000-2500
mg/day choline bitartrate failed to improve
memory performance.

By contrast, a 1993 study found that
supplementation with radiolabeled a-GPC
resulted in wide distribution the liver, kidney,
lung, spleen and brain. Likewise, other
researchers have suggested that demonstrat-
ed improvements from a-GPC supplementa-
tion may be due to increased bioavailability of
choline for the synthesis of acetylcholine.
Essentially, a-GPC is a rapidly absorbed
source of choline which does not carry the
electrical charge of regular choline, making it
easier to cross the blood brain barrier, thereby
raising free plasma choline more rapidly than
other sources and allowing it to be
incorporated into brain phospholipids within
24 hours from absorption.

Citicoline vs. a-GPC

In other research, the bioavailability of intramuscular administration of citicoline was compared to
that of a-GPC. The results were that choline values with a-GPC were significantly higher than those
with citicoline, likely due to the lower choline concentration with citicoline. In a study with mild to
moderate vascular dementia patients, intramuscular treatment with either 1000 mg/day citicoline or
a-GPC produced symptomatic improvement, but a-GPC possessed statistically higher efficacy and
overall greater activity assessed by both patients and investigators, compared to citicoline. Similar
results were found in two other studies comparing intramuscular treatment with 1000 mg/day
citicoline or a-GPC in patients with mild to moderate multi-infarct dementia, and in a study of in

patients with senile mental decline.
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Cognition

COGNITIVE FUNCTION IN

HEALTHY YOUNG ADULTS
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COGNITIVE FUNCTION IN
OLDER SUBJECTS
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COGNITIVE FUNCTION IN
ALZHEIMER'S PATIENTS
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COGNITIVE FUNCTION IN STROKE

EXERCISE PERFORMANCE
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To investigate and identify the acute effects of a-GPC ingestion on performance testing
(hand-grip strength, jump height, power output/rate of force development, mood, & reaction time),
a randomized, double-blind, crossover study was conducted with 27 college-aged recreationally
trained individuals (15 male, 12 female; mean 21.66 +SD 1.88 years). Subjects ingested a placebo
(dextrose, Group 1) or a-GPC (6 mg-kg™" body mass, Group 2). Baseline measurements were
obtained on the initial visit. On supplemental visits, immediately following ingestion, subjects
were required to sit in a rested state for 25-minutes.

Subjects first completed the 4-item mood questionnaire to assess subjective feelings of energy,
fatigue, alertness and focus for tasking, followed by the pre reaction-time (RT) test. Body compo-
sition was then measured via the Bod Pod, followed by a standardized questionnaire indicating
age and training experience. Each test consisted of four stations assessing physical task perfor-
mance. Subjects participated on three different occasions separated by 2-14 days, and there
were no significant differences between any anthropometric variables, heart rate or blood pres-
sure pre to post testing. Likewise, there were no differences between males and females for any
test variable. Results were that there were statistical significances for the following the depen-
dent variables (fatigue, plyometric push-up, mood change, and reaction-time test). Participants
reported lower levels of fatigue following a-GPC ingestion, yielding a significant difference of
when compared to baseline (p=0.019). The (p=0.019) group showed increased levels of peak
force production during the plyometric push-up when compared to placebo of (p=0.014). Mood
change increased with a-GPC ingestion compared to placebo was significant (p=0.023); and
subjects scored more accurate (less incorrect answers) during the reaction-time test post a-GPC
ingestion compared to placebo (p=0.014). In conclusion, a-GPC supplementation showed a 12%
increase in upper body power output, and 12% improvement in accuracy during the reaction-time
test. This investigation supports a-GPC as an ergogenic aid for physical or cognitive stimulation.

The purpose of the present double-blind, placebo controlled, cross-over study was to determine if
6 days of supplementation with 600 mg/day a-GPC (CholineAid® a-GPC, Chemi Nutra) would
augment isometric force production compared to a placebo in 13 college aged males (Age: 21.9
+ 2.2 yrs). Baseline measurements were taken for the participants in the isometric mid-thigh pull
in a custom squat cage on a force platform and upper body isometric test against a high frequen-
cy load cell. The participants then consumed either a-GPC or placebo and at the end of 6 days
performed isometric mid-thigh pull and an upper body isometric test. A one-week washout period
was used before the participants baseline was re-measured and crossed over to the other treat-
ment. Results were that the a-GPC treatment resulted in significantly greater isometric mid-thigh
pull peak force change from baseline (p=0.044) compared with placebo (a-GPC: 98.8 vs Placebo:
-39.0). For the upper body test the a-GPC treatment trended towards greater change from base-
line force production (a-GPC: 50.9 vs. Placebo: -14.9) but failed to obtain statistical significance.
Researchers concluded that a-GPC is effective at increasing lower body force production after 6
days of supplementation, and sport performance coaches can consider adding a-GPC to the diet
of speed and power athletes to enhance muscle performance.
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Growth hormone

Growth hormone (GH) is released from the pituitary gland. As the name suggests, in child-
hood it has It has growth-promoting effects—but it also has beneficial effects in adulthood.
Specifically, it stimulates protein synthesis in muscle, it stimulates the release of fatty acids
from adipose tissue (aka, fat), it helps maintain bone health, and it inhibits the uptake of
glucose by muscle while stimulating uptake of amino acids, which can then be used in the
synthesis of proteins and encourages muscle to shift to using fatty acids as a source of
energy. In adults, GH is secreted during sleep and in response to exercise.
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However, GH secretion rates decline with age. In fact, compared to puberty there is an 83%
decline in GH by age 55. This decline in GH production is associated with alterations in body
composition, hormonal status, and functional capacity that mimic the changes seen in adult
GH deficiency or partial hypogonadism (diminished functional activity of the gonads—the
testes in males or the ovaries in females—that may result in diminished sex hormone biosyn-
thesis). In addition to deteriorating memory and cognitive function, the changes in body
composition that are most pronounced in normal aging include a reduction in bone density
and in muscle mass and strength, an increase in body fat, and adverse changes in lipoprotein
profiles. These facts have led to the following statement by researchers from the VA Puget
Sound Health Care System and University of Washington, School of Medicine: “Aging is not a
disease. Rather, it is a physiological state of relative GH deficiency.”
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It turns out that a-GPC may help to promote GH release.
Here's how it works. A hormone called growth hormone
releasing hormone (GHRH) is released from the hypothala-
mus, which in turn stimulates GH secretion from the pituitary.
On the other hand, the hypothalamic hormone somatostatin
inhibits GH release. With aging, the imbalance between
stimulatory (GHRH) and inhibitory (somatostatin) activities on
GH secretion leads to an enhanced somatostatin action and
decreased GH release. Part of the reason for this imbalance
is a concurrent decrease in levels of acetylcholine, since this
neurotransmitter has been shown to play an important role in
the control of GH secretion. Anticholinergic drugs (or drugs
that decrease acetylcholine activity) have been shown to
diminish GH response, while drugs able to increase acetylcho-
line transmission are able to potentiate the stimulatory effect
of GHRH through a decrease of somatostatin release.
Increasing GHRH, by decreasing somatostatin release is a
novel approach to increasing GH levels.

a-GPC fits into the GH picture because, research has demon-
strated that it increases acetylcholine release. Research
suggests that both older and younger people can benefit from
a-GPC to promote GH secretion, but the difference will simply
be more profound in older people since they have naturally
lower levels of GH. In one study, GHRH was given to eight
young and seven old human volunteers, with or without the
addition of 1 gram of a-GPC. The results were that the groups
given the a-GPC experienced a greater stimulatory effect of
GHRH on HGH secretion in both young and old sub-
jects—about 130% greater HGH in the case of the older sub-
jects, and about 35% greater in the case of younger subjects.

In a follow-up study, a-GPC was tested in 10 normal elderly
subjects (aged 79.4 + 1.7 years). The subjects were given
GHRH with 2 grams of a-GPC. The results demonstrated that
when the 2 grams of A-GPC was administered with GHRH, the
HGH responses were significantly higher than those found
after GHRH alone, but not significantly different from those
seen in the elderly subjects who received 1 gram of a-GPC.
This suggests that a maximal potentiation of GHRH-induced
GH responses could be achieved by the lower dose.
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The amounts of HGH released from the anterior
pituitary are summarized in the table below:

Substance(s) given Young Subjects (1g) Old Subjects (1g) Old Subjects (2g)
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Sleep
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CONCLUSION

Choline is a vital nutrient for human health and wellness and is needed in all stages of life.
The phospholipid form of choline known as a-Glyceryl Phosphoryl Choline (a-GPC) is the
demonstrably preferred form of this nutrient. Research demonstrates that a-GPC provides
benefits for cognition (young and older people), exercise performance, promoting growth
hormone release, behavioral disorders in autism, and supporting REM in sleep.

JANUARY 3, 2021
GENE BRUNO, MS, MHS, RH(AHG)

Huntington University of Health Sciences
Knoxville, TN 37918
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