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ABSTRACT

Membrane Lipid Replacement (MLR) is
the use of functional dietary
supplements containing cell membrane
glycerolphospholipids and antioxidants
to safely replace and remove damaged
essential membrane phospholipids that
accumulate during aging and in various
chronic and acute illnesses. Most, if not
all, clinical conditions and aging are
characterized by cellular membrane
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and cellular functions. In particular, loss of mitochondrial function, the key organelle responsible for over 90% of
cellular energy production, can result in excess fatigue and other symptoms, and this is a common problem in
almost all, if not all, age-related chronic diseases. Clinical trials have shown the benefits of MLR supplements in
replenishing damaged membrane phospholipids and restoring mitochondrial function, resulting in reductions in
fatigue and other symptoms in aged subjects and patients with a variety of clinical diagnoses. Here we have
specifically reviewed the beneficial results of MLR on subjects older than 60 years. MLR provides general
membrane and nutritional support during aging and illnesses to improve membrane function and overall health
without risk of adverse effects. The case reports here and elsewhere and published clinical trials demonstrate
that this is a safe and effective alternative or addition to pharmaceutical approaches for alleviating fatigue, pain,

gastrointestinal and other symptoms associated with normal aging and age-related chronic illnesses.
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INTRODUCTION
During aging and in essentially all chronic and many
acute illnesses critical membrane phospholipids and
other cellular components are damaged by excess
free radical oxidants [1-5]. The free radical damage
that is inflicted on cellular structures has been
proposed to be the cause of aging [3, 4]. Butitis now
accepted to be unlikely as a sole cause of aging and
disease [6, 7]. However, it is at least importantly
involved along with other mechanisms in the aging
process [5, 6] as well as disease processes [7, 8].
When membrane phospholipids that form the
matrix of all biological membranes [9] are damaged,
they must be repaired or replaced to return cellular
functions to normal [10, 11]. Thus the replacement
of damaged membrane phospholipids with
undamaged, functional membrane phospholipids is
important for a variety of cellular and tissue functions
and for general health [10-14]. For example, the
membrane phospholipids that form the plasma
membrane and intracellular membranes provide

separation of enzymatic and chemical reactions into

discrete cellular compartments or organelles. They
are also essential for the function of membrane
enzymes. In addition, they are an important energy
storage reservoir and provide precursors for bioactive
molecules that function in signal transduction and
molecular recognition pathways [9-11]. Thus
membrane phospholipids are essential for general
health, and they must be constantly replaced in order
to maintain well being [10-14].

The simplist way to maintain healthy cellular
membranes is an appropriate diet [10-13]. However,
since this often can’t be achieved, dietary
supplements containing membrane phospholipids
have been used to maintain cellular membrane
health [10-13]. Orally ingested phospholipids can be
split into degradation products within the
gastrointestinal system and absorbed; or they can be
absorbed and taken in as intact molecules without
degradation [10, 11]. When present in excess in the
gastrointestinal system, they can be absorbed as
small phospholipid globules and micelles with

undegraded constituents (reviewed in [11]).
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Independent of the transport mechanism, the
process is very efficient—over 90% of ingested
phospholipids are absorbed and transported into the
blood within six hours [15-17]. In the blood
circulation phospholipids are usually found in carrier
molecules, such as lipoproteins, or cell membranes of
erythrocytes; but in excess they can also be present
as small phospholipid globules or micelles. Eventually
they are delivered to tissues and cells where they are
transferred by direct membrane contact, endocytosis
or by carrier and transport proteins into cells where
they are directed to various cellular and organelle
membranes and compartments [11, 15-17].

The major membrane phospholipids, such as the
glycerolphospholipids, can be enzymatically modified
during their delivery, for example by substitution of
their fatty acid side chains, to reflect the specific
compositions of the membranes at their final
destination. Once they have been partitioned into
their terminal membrane sites, glycerolphospholipids
and other membrane phospholipids can be further
enzymatically modified to reflect the changing needs
of cells . The entire process of uptake, transport,
replacement and removal is driven by mass action, so
when in great excess, intact phospholipids have an
advantage in being able to reach their final cellular
destination without significant enzymatic
degradation or free radical modification. Also, the
removal of damaged, oxidized phospholipids is also a
mass action process (reviewed in [11]).

Patients with chronic ilinesses as well as aged
individuals are often deficient in undamaged MLR
phosolipids, because dietary sources usually cannot
provide enough MLR lipids for maintance of
undamaged cellular membranes [11]. Thus health
can be impaired. To provide the necessary MLR

glycerolphospholipids these lipids have been used as
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dietary or therapeutic treatments or as supporting

nutrients for health maintainance [10-13, 18, 19].

APPLICATIONS OF MEMBRANE LIPID REPLACEMENT
TO AGING

Although membrane lipids are mostly used for
general health [12, 19], the most common
therapeutic use of MLR is to treat fatigue [10, 11, 13].
Fatigue is the most common complaint of patients
seeking general medical care, and it is associated with
aging and most if not all chronic medical conditions
[20].  Fatigue is considered a complex, multi-
dimensional sensation that is not well understood but
is perceived to be associated with a loss of overall
energy, mental or physical tiredness, a feeling of
exhaustion or diminished endurance, and an inability
to perform even simple tasks without exertion [20,
21]. Fatigue develops in aged idividuals and in chronic
diseases due to a variety of causes, including loss of
mitochondrial function [21, 22]. Moderate to severe
fatigue has been directly related to loss of
mitochondrial function and diminished production of
ATP by mitochondria [21, 22].

In some chronic clinical conditions fatigue is the
most recognizable symptom—for example, in chronic
fatigue syndrome/myalgic encephalomyelitis
(CFS/ME) [23, 24]. Fatigue, however, is a rather
general symptom, and it is found in many chronic
illnesses and in normal aging [20]. Even in certain
psychiatric diseases, such as schizophrenia, bipolar
disease, among others, some cancers and other
conditions, fatigue is among the most common
symptom found, and in these cases it may or may not
be associated with mitochondrial dysfunction [11,
22]. As an example, depression in some psychiatric
disoders and in cancer patients is frequently related

to mild fatigue states that show some physical,
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cognitive and emotional overlap with fatigue found in
fatiguing illnesses [25].

MLR has been successfully used for reducing
fatigue in patients with chronic fatigue (fatigue lasting
more than 6 months), chronic illnesses, such as
CFS/ME, fibromyalgia, and other fatiguing illnesses
[11, 13, 26-28]. In a cross-over MLR clinical study on
the effects of oral NTFactor’ (a mixture of
glycerolphospholipids, pre- and probiotics and other
ingredients [11, 13]) on chronic fatigue in moderately
to severely fatigued subjects aged 60 years and older
(61-77 years-old, average age=68.9 years-old), there
was good correspondence between reductions in
fatigue and improvements in mitochondrial function,
as assessed by mitochondrial inner membrane trans-
membrane potential using a redox dye and
fluorencence-activated cell sorting to examine
individual peripheral blood leukocytes [26]. After 8
weeks on the MLR supplement containing 4 g per day
of NTFactor’, mitochondrial function improved
significantly (26.8% increase, p<0.001) and fatigue
was reduced significantly (33% decrease, p<0.001),
and after 12 weeks of NTFactor’, mitochondrial
function increased by 35.5% (p<0.001) and found to
be similar to the levels found in young healthy adults
aged 30 years-old, and fatigue was reduced by 35.7%,
p<0.001 [26]. After 12 weeks of oral NTFactor’
supplementation, the subjects were placed on
placebo without their knowledge for an additional 12
weeks, and their fatigue and mitochondrial function
levels were measured. After crossing over to the 12-
week placebo period, fatigue and mitochondrial
function were intermediate between the initial
starting values and those found after eight or 12
weeks on the MLR supplement [26]. This study
indicated that aged individuals with moderate to
severe chronic fatigue benefited significantly from

taking the oral MLR supplement, and their
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mitochondrial function, as measured by the inner
mitochondrial inner membrane trans-membrane
potential, was similar to much younger subjects, but
only if they continued to take the oral MLR
supplement.

Similar positive results on the effects of the MLR
supplement NTFactor’ on reducing fatigue were
found in patients with chronic fatigue syndrome
(CFS/ME), fibromyalgia, Gulf War illness and chronic
Lyme disease (reductions in fatigue of 26-43%) [11,
13, 27]. In some of these studies the effects of oral
MLR with NTFactor can be compared between the
younger subjects (<60 years-old) and older subjects
(>60 years-old). Both the younger and older subjects
benefited significantly from the MLR supplement
NTFactor®. Although there were slight improvements
in fatigue scores in the older subjects (>60 years-old)
compared to those under the age of 60 years on
NTFactor®, statistical comparisons of the older-v-
younger results showed that the differences did not
reach statisical significance (data not shown). This
indicates that with respect to fatigue scores older
persons benefit at least as much as younger persons
when taking the oral MLR supplement.

In aged subjects MLR phospholipids have also
been used to treat memory loss. For example, in a
clinical study that used aged subjects and patients
with Alzheimer’s disease participants received daily
supplementation of 300 mg of phosphatidylserine for
6 months [29]. At the end of this period participants
in the study demonstrated significant cognitive
improvements relative to placebo controls [29]. This
result, however, was not confirmed in another study
on elderly subjects with age-associated memory
impairment that received 300-600 mg/day soy
phosphatidylserine for the much shorter period of 12
weeks [30]. Improvements in mental clarity while on

MLR phospholipid supplements have been examined
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in a study using NTFactor Lipids’. Twenty-nine
subjects were given 0.6 g of NTFactor Lipids” in a
drink, and fatigue and mental focus were surveyed
after three hours using a self-reported survey
instrument. A majority of the participants responded
within 1 hour, and by 3 hours improvements in
cognition, mental clarity and focus along with
reductions in perceived fatigue were reported [31].
In addition to fatigue and mental clarity, MLR
supplements, such as NTFactor Lipids®, have also
been used to reduce pain, gastrointestinal and other
symptoms in chronic illness patients. For example, in
fibromyalgia patients 4.8 g per day of oral NTFactor
Lipids® for 8 days reduced signficiantly pain (p<0.001),
fatigue  (p<0.001), gastrointestinal symptoms
(p<0.001) and improved Quality of Life assessments
(p<0.001) in an open label clinical trial [32]. This has
now been followed by initiating an NIH-approved
(NCT03288389) randomized, placebo-controlled
cross-over trial. Unfortunately, due to COVID-19 the
results of this trial were not available at the time of
drafting of this contribution. We plan to continue this
trial when the interference of COVID-19 can no longer

affect the results.

APPARENT DOSE-RESPONSE OF MEMBRANE LIPID
REPLACEMENT

Over the several years of development of MLR
supplements like NTFactor” and NTFactor Lipids® the
amounts of suggested daily doses for health or
symptoms have changed or evolved, depending on
the result that was desired or anticipated (for
example, see Table 2 of ref. 13). In our initial studies
where a blend of NTFactor® containing pro- and
prebiotics and other ingredients was used, the intent
was to provide a dose of MLR phospholipids that
would result in eventual turnover of damaged

mitochondrial and other membrane phospholipids
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and incorporation of undamaged, functional
phospholipids in order to increase function to
patients or to the elderly. In particular, our initial aim
was to repair enough damage to mitochondrial
membranes to return mitochondrial function to the
levels seen in normal age-matched adults. We were
less concerned with the time required to make this
happen, or to achieve maximal dose-responses.
Although we have not tested enough subjects to
establish an actual dose-response relationship
between mitochondrial function and MLR
glycerolphospholipid daily oral doses, we have found
that use of lower doses of membrane phospholipids
(for example, 0.7-1 g per day NTFactor Lipids”) can be
effective eventually. However, this generally
required longer periods of time, effectively several
weeks to months. This time may be necessary to turn
over membrane stores, remove damaged membrane
phospholipids and replace them with undamaged
phospholipids. We have found that higher doses (4-5
g per day NTFactor Lipids°®) achieve similar reductions
in symptoms, such as fatigue scores, but does this
more quickly, in several days to a week or more
instead of several months [32, 33].

To resolve some symptoms higher minimum
doses of MLR, above several g (>4) per day, have been
used [32, 33]. Thus in our recent work on widespread
pain we have found that robust responses or large
reductions in pain and other symptoms require higher
doses per day of oral MLR glycerolphospholipids to be
effective, and many patients themselves gradually
gravitate to higher daily oral doses of MLR
phospholipids (5-6 g or more per day NTFactor
Lipids®). One possible approach to the continued use
of high levels of MLR phospholipids could be to
initially use a loading dose of several g (4-6) per day

of MLR phospholipids and then lower the daily dose
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to a more moderate maintainance dose (2-3 g per

day), depending on the desired outcome.

APPLICATIONS OF MEMBRANE LIPID REPLACEMENT
TO AGING: CASE STUDIES

We have seen the positive effects of NTFactor Lipids®
in aged patients who have widespread
musculoskeletal pain and chronic fatigue. For our
purposes the descriptions of the effects of MLR with
NTFactor Lipids® on aged patients are abbreviated.
Only the most pertinent and brief descriptions of the
results in a few patient examples are given below.
These new case reports add to existing case reports
on reduction of pain and fatigue by use of oral

NTFactor Lipids”[33].

Patient A: Patient A is a 63 year-old man who
presented with chronic fatigue, severe
musculoskeletal pain, vision loss, memory loss,
constipation, gastrointestinal pain, sleep difficulties
and other signs and symptoms. He began MLR with 4
g oral NTFactor Lipids® powder disolved in a glass of
water each morning. After 2 weeks he reported that
his gastrointestinal pain and constipation had
resolved, and he reported less fatigue and some
reductions in musculoskeletal pain. He then
increased his daily dose of NTFactor Lipids° powder to
6 g per day. By 6 weeks his chronic fatigue,
musculoskeletal and gastrointestinal pain were
greatly reduced, although not fully resolved, and he
reported improvements in vision and cognition,
although these were not independently varified. He
is now using 6 g per day NTFactor Lipids® powder to
maintain the improvements he has achieved, and he
continues to see improvements in pain, memory loss
and gastrointestinal pain and constipation. He also
reports that his sleep difficulties have basically

resolved.
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Patient B: Patient B is a 68 year-old post-menopausal
woman who  suffered from widespread
musculoskeletal pain, chronic fatigue, hair loss, sleep
problems and severe headaches. She started taking
4.8 g NTFactor Lipids® in chewable wafers, and within
one week reported less musculoskeletal pain, chronic
fatigue and headaches. After 3 weeks she reported
further improvements in pain and fatigue, and her
headaches and sleep problems had continued to
improve. She has reported continued improvements
in fatigue and musculoskeletal pain and headaches
over a 6-week period. She did not increase the dose
of NTFactor Lipids” in chewable wafers beyond 4.8 g
per day.

Patient C: Patient C, a male of age 59 years, was a
disabled veteran of the first Gulf War (1991). Since
his return from Kuwait, he had suffered from chronic
fatigue and widespread pain, and he had been
treated with cognitive therapy, narcotics and
antidepressants for years without lasting relief from
his symptoms. At the time of presentation, he had
stopped all medications and complained of
widespread musculoskeletal pain, chronic fatigue,
headaches, myalgia, arthralgia, and skin lesions. His
diagnoses were Gulf War lliness and fiboromyalgia. He
started MLR with 4 g per day NTFactor Lipids” wafers
and after approximately one week he increased the
dose to 5 g per day NTFactor Lipids® wafers. Within 2
weeks of MLR he reported improvements in fatigue
and musculoskeletal pain severity, along with
reductions in the frequency and severity of
headaches. Within an additional week of MLR his
sleep problems also improved, and he was able to
sleep a full night for the first time in more than a
decade. He continued on the oral MLR supplement

for at an additional 2 months at 6 g per day, and his
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condition has continued to slowly improve. Although
he has not reported full recovery from his condition,
he reported that his symptoms have been greatly
reduced in severity, and he is anticipating eventually

going back to work.

DISCUSSION
MLR supplements containing NTFactor’ blend or
NTFactor Lipids” have been used as anti-aging
supplements to help aged subjects decrease their
age-associated symptoms and improve their quality
of life [10, 11, 13, 26, 34]. In addition to fatigue, pain
and other symptoms associated with aging, MLR
supplementation appears to be useful for delaying
some of the functional decline seen in patients as
they age [13, 26, 34, 35]. For example, some
elements of functional decline associated with aging
appear to be susceptible to MLR supplementation,
and this is associated with particular morbidities, such
as coronary heart disease, stroke, neurodegeneration
and metabolic disorders [15, 29, 30, 34, 35]. For
example, the most common morbidities associated
with aging in North America are coronary heart
disease and stroke, which have been, in turn, related
to the blood levels of a marker, homocysteine [36,
37]. Patients at risk for coronary heart disease and
stroke have elevated blood homocysteine levels, and
a group of such patients were placed on oral
supplementation with NTFactor® blend containing
NTFactor Lipids®, vitamins and minerals [38]. Within
6 months their blood homocysteine levels went from
high risk levels (mean,10.85+0.42 umole/L) to blood
levels well below (mean, 7.40+0.42 umol/L) those
levels that predict hospitalization and death due to
coronary disease [38].

Here patients taking an oral MLR supplement
containing NTFactor Lipids® showed reductions in

fatigue scores but also reductions in pain and other
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symptoms. Pain is a complex symptom involving
nerve membrane channelopathies, autoimmune
responses and other factors [39, 40]. Thus NTFactor
Lipids may not act solely by replacement of damaged
nerve or mitochondrial membrane
glycerolphospholipids, but also by modulating and
restoring the functions of cell membrane ion
channels, intracellular Ca%* concentrations as well as
other properties (example, ref. [41]). Indeed, the
main nerve cell membrane ion channels related to
pain pathways (TRPV channels) can be dramatically
modulated in their function by particular membrane
phospholipids [42]. In addition, other properties,
such as stimulation of free radical oxidative damage
or the presense of proapoptotic enzymes like
caspases, could be modulated by MLR phospholipids
[43].

Future studies will initiate and concentrate on
sensory properties, cognition, memory loss and other

factors associated with loss of quality of life in the

aged population.
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