The Journal of the American Nutraceutical Association

Reprint Spring 2001

“Antioxidants Support Healthy Cellulaf Function”

Vitamin C : : Folic Acid 5

'L-"r'lfamin E - o — 5 | -_?.S‘Ej;am'um
Vitamin b6 5 ' S ‘ L-Arginine
____h'_..a].;v!'hc:r'n
chnugm_:%f::
} Efuﬂavuﬁufc;s..

- Beta-Carotene. _ -

' Alpha-Lipeic Acid

Reprint of Original Research Article

Functional Intracellular Analysis of
Nutritional and Antioxidant Status
Paula Boerner, PhD, PA-C

Reprinted from the Journal of the American
Nutraceutical Association, Spring 2001 edition,
Vol. 4, No.1

A Forum for Wellness and Optimal Health

ISSN-1521-4524



REVIEW ARTICLE

Reprinted with permission from the Journal of the
American Nutraceutical Association.

Functional Intracellular Analysis of
Nutritional and Antioxidant Status

Paula Boerner, PhD, PA-C*
Research Director, SpectraCell Laboratories, Inc., Houston, Texas

INTRODUCTION

Reliable analysis of nutrient status has been a goal of
health providers since the discovery that well-known dis-
eases, such as beri-beri, pellagra, or osteoporosis, can result
from a vitamin or mineral deficiency. Knowledge of the
essential role nutrients play in health maintenance has led to
eradication of most overt deficiency diseases in developed
countries. However, the high incidence of chronic disease,
often having no discernable cause, has led health profes-
sionals to ask whether or not sub-clinical deficiencies can
contribute to the genesis and/or progression of chronic states
of ill health, including cancer and heart disease. An observa-
tion confusing this issue is that, of the many people who live
in similar environments and eat similar diets, not everyone
develops chronic disease. Moreover, some will develop
cancer while others succumb to heart disease, and yet others
will develop progressively debilitating diseases such as mul-
tiple sclerosis, fibromyalgia, or age-related dementia.

The lack of clear connection between cause and effect
makes identification of precipitating factors difficult, but
lends credence to the idea that individual genetic differ-
ences can tilt one person towards chronic disease, while
other individuals in similar environments remain healthy.
The notion that genetic individuality can influence nutrient
requirements and increase the probability of disease when
the elevated nutrient requirements are not met was first sug-
gested 100 years ago by a British physician, Archibald
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Garrod. In 1902 Garrod! studied alcaptonuria (a relatively
harmless, inherited metabolic disorder characterized by
lack of the enzyme homogentisate oxidase and consequent
production of black urine) and concluded that variations of
chemical behavior are probably present everywhere, and
“... as no two individuals of a species are absolutely identi-
cal in bodily structure, neither are their chemical processes
carried out on exactly the same lines.” Fifty years later
Roger Williams pursued this idea in his book Biochemical
Individuality,? in which he stated that “...nutrition applied
with due concern for individual genetic variations, which
may be large, offers the solution to many baffling health
problems.” He also posed his hypothesis that “...practi-
cally every human being is a deviate in some respect...with
an important bearing upon the susceptibility of the individ-
ual...to disease later in life.”

These ideas received substantial support when the
explosion of gene-and-protein-sequencing information led
to correlation of genetic changes with alterations in cellular
biochemistry/physiology and to subsequent altered nutri-
tional needs. Sauberlich3 correlated the single base change
underlying sickle cell anemia with increased production of
oxygen-based free radicals in red blood cell membranes
and with the subsequent increased oxidative stress for the
patient. Half of 18 patients with sickle cell anemia had suf-
ficiently reduced white blood cell ascorbic acid levels to be
considered deficient, an example supporting the hypothesis
that a single base pair change can lead to an elevated nutri-
ent requirement.

In another illustration of a single mutation altering a
nutritional requirement, Whitehead et al.4 and van der Put et
al.5 discovered that approximately 5-6% of the general pop-
ulation carries a mutated form of methylenetetrahydrofo-
late reductase, an enzyme responsible for conversion of
homocysteine to methionine. The frequency of the muta-
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tion increases to 10-20% for parents of patients and patients
with neural tube defects. This mutation increases the level
of folic acid required by the reductase enzyme to achieve
normal activity. Carrying the mutations, an individual who
received the amount of folic acid provided in a typical diet
would be at high risk of elevated serum homocysteine and
decreased amounts of S-adenosylmethionine (SAM),
required for SAM-dependent methyltransferase reactions. If
a woman with this genetic defect were pregnant, the
reduced level of reductase activity would negatively impact
neural tube development, significantly increasing the risk of
neural tube defects in the fetus. Elevated serum homocys-
teine, another consequence of this single mutation, is a
strong risk factor for heart disease®’ and stroke.® The
increased risk of heart disease associated with elevated
homocysteine can often be reduced by supplementation
with folic acid and vitamins By and B,,.%10 suggesting that
at least some of the biochemical abnormalities underlying
high homocysteine concentrations may be corrected by
appropriate supplementation.

Assimilating the rapidly-accumulating information
published in this area through the year 2000, Eckhardt!!
illustrated the scope of human diversity for nutrient require-
ments. When one assumes a need for only 30 nutrients and
if the metabolic pathway influencing these requirements is
affected by only two alleles at a single locus (probably an
underestimate), then the number of alternative genotypes
would be greater than 200 trillion (330). In addition to nutri-
ent deficiencies resulting from genetic variation, deficien-
cies may also be caused by inadequate intake, disease unre-
lated to known genetic changes, medications, unusual
dietary practices, or stressors such as pregnancy, trauma,
surgery, or infection. In the past, many medical practition-
ers have not taken into account the possibility of sub-clini-
cal nutrient deficiencies in their diagnostic/therapeutic
repertoire, unless the case involved well-known, clear cut
clinical pathology, such as protein malnutrition, pernicious
anemia, or alcohol-related B vitamin deficiencies. One rea-
son for this medical default has been the inability to reliably
test for functional deficiencies.!2

METHODS OF NUTRITIONAL ASSESSMENT

The most commonly used methods of nutritional
assessment involve quantitative measurements of nutrients
in accessible body fluids.!3-16 This static approach, howev-
er, provides a one-time snapshot of a dynamic, complex sit-
uation. It provides no integrated view of an individual’s
capacity to localize that nutrient into appropriate compart-
ments or to optimally use it. Optimal function of a nutrient
requires 1) absorption from the gut, 2) transport in the
bloodstream, often requiring appropriate levels of function-
al binding proteins, 3) uptake into cells, which can require
appropriately-functioning membrane transport systems, and
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4) either one or, in many instances, multiple metabolic
enzymes with appropriate co-factors. Thus, serum levels of
a nutrient may be “normal,” but the functionality of that
nutrient may not be sufficient to maintain optimal health
over a normal lifespan.

For example, Joosten et al.l7 used assays for serum
metabolites, such as homocysteine and methylmalonic
acid, to identify deficiencies of vitamin Bg, vitamin B, and
folic acid. These assays detect abnormally high levels of the
metabolites that can accumulate when reactions dependent
upon vitamins B¢, By, or folic acid are impaired. Using this
approach, the authors found specific vitamin deficiencies in
a high percentage of an elderly population, many of whom
were originally assessed as having “normal” vitamin levels
in their serum. The prevalence of deficiencies identified by
the conventional serum vitamin assays was less than 10%
in a normal elderly population, but the prevalence was 63%
when evaluated by serum metabolite assays.

Similar deficiencies for individuals identified as having
“normal” serum levels by conventional testing were also
found by Lindenbaum et al.!8 when metabolite assays were

used. It was also found that approximately 5% of patients
with hematologic or neurologic syndromes, secondary to
B, deficiency, had normal serum B, values.!® In a subse-
quent study, Naurath et al.20 demonstrated that vitamin B,
B, and folic acid supplementation of individuals, identi-
fied as deficient by metabolite testing, reduced the elevated
metabolite levels within 5-12 days. The authors suggested
that the discrepancy between the “normal” serum values for
the tested vitamins and their findings of deficiency using
metabolite testing may be due to age-related impairment of
an enzymatic reaction associated with an essential function
of the vitamin, such as suggested by Brattstrom et al.2! for
the reduced activity of cystathionine beta-synthetase mea-
sured in skin fibroblasts. The argument for identification of
deficient individuals, even though serum levels are found to
be “normal,” is supported by findings that atherosclerotic
thrombosis and neuropsychiatric disorders may be associat-
ed with elevated levels of these metabolites, especially
homocysteine and methylmalonic acid. These clinical con-
ditions, moreover, may be prevented by specific vitamin
supplementation.?2-25  However, metabolite tests can be
expensive and may not be accurate under conditions of
renal dysfunction?3:26 or therapy with certain drugs.27-28

Analyses are available for quantification of nutrients in
cells and tissues such as red and white blood cells, hair,
nails, and soft tissue biopsies.13-16 These tests offer deeper
insight into nutritional status than analysis of body fluids,
but do not always detect increased need secondary to genet-
ic polymorphisms. Erythrocyte enzyme stimulation tests
are available, but only for selected B vitamins. These are
limited because they measure only one or two of the many
enzymes dependent on each vitamin, and results may be
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obscured by deficiencies of other nutrients. Erythrocyte
enzyme activity tests are available for selenium (glu-
tathione peroxidase), zinc, and copper (superxoide dismu-
tase), but these tests suffer the same limitations as the stim-
ulation tests. Microbial growth assays tend to be more sen-
sitive and accurate than chemical analyses, but these are
primarily used with body fluids and suffer the same limita-
tion of providing short-term views of the presence, but not
the functionality, of the nutrient. Hair analysis, which is
limited to minerals, is subject to interference from handling
and processing, and interpretation can be complex, since
deficiencies can be indicated by either high or low values.

A desirable analysis for nutrient deficiency would,
therefore, be one which depended upon the correct opera-
tion of every step required for optimal function of the test-
ed nutrient: absorption, transport to the appropriate tissue,
transport into the cells of the tissue, and the presence of all
factors required for the nutrient to perform its role. This
approach would not identify the source of a deficiency, but,
unlike other tests, a deficiency due to any cause, whether
from reduced intake or a genetically altered, reduced affin-
ity co-factor, would be revealed.

DEVELOPMENT OF THE FUNCTIONAL INTRA-
CELLULAR ANALYSIS (FIA) METHOD FOR
ASSESSMENT OF SELECTED NUTRITIONAL
DEFICIENCIES

The basic methods underlying the Functional
Intracellular Analysis (FIA) were developed at the
University of Texas, Austin, by Dr. William Shive. The dri-
ving force for his research came from his chairmanship in
1975 of a Nutrition Board mandated by a Joint Presidential
and Congressional Commission to investigate medical
applications of nutrition. The conclusion of the commis-
sion was that clinicians appreciated the large amount of sci-
entific research involving nutrition, but felt that clinical
application of this knowledge was limited by lack of a
method for reliable evaluation not only of individual nutri-
tional needs, but especially of responses to nutritional ther-
apy. Motivated by knowledge of this deficiency of interac-
tion between clinical medicine and nutrition, Dr. Shive and
his co-workers!2 commenced “...to develop a method by
which the limiting nutritional and biochemical factors of an
individual could be identified.” Dr. Shive began with the
idea of creating a human cellular assay analogous to the
quantitative microbial assay developed by Dr. Roger
Williams,? who used a growth assay to assess the specific
nutritional and metabolic characteristics of microbial cells.

The human tissue chosen by Dr. Shive’s laboratory
needed to be representative of the entire human body.
Initial attempts utilized epithelial cells, but lymphocytes
were found to have more advantages, especially their
greater availability and their ease of manipulation in cul-
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ture. Lymphocytes make up about 1% of total body
weight.2® And, unlike erythrocytes, which lack a nucleus,
lymphocytes represent the genetic identity of the donor and,
therefore, possess the general metabolic pathways identical
to most of the donor’s cells.30:31  An additional useful fea-
ture for the use of lymphocytes for nutritional testing is that
results gained from testing the capacity of these cells for
activation and growth can be directly related to immune sys-
tem function. The functioning of the immune system and its
lymphocytes is more closely related to the overall state of
health of the individual than any other cell type.

Lymphocytes are produced in lymphoid organs such as
bone marrow, where their nutritional reserve, based on
whole body nutritional status, is supplied.2® They then cir-
culate between blood, lymph and tissues, but remain meta-
bolically inert until activated by mitogens, lymphokines, or
antigens.32 A major advantage, therefore, of using lympho-
cytes isolated from peripheral blood is that, at the time of
their activation in culture, their nutritional content repre-
sents an average of the body’s nutritional status over their
lifetime of approximately 3-12 months.!6:33 Thus, lympho-
cytes are not significantly influenced by fasting or short-
term nutritional status, but represent a time-averaged histo-
ry of nutrient availability. A rough analogy to this proper-
ty would be the use of glycosylated hemoglobin to estimate
serum glucose levels over an integrated 1-3 month period.34

An initial obstacle to the use of lymphocytes for nutri-
tional analysis was that lymphocyte growth in culture, at
the time of Dr. Shive’s initial work, depended upon supple-
mentation of the growth medium with fetal calf serum.
Growth of cells in media supplemented with serum pre-
vented reliable nutritional analysis because serum is rela-
tively undefined, because specific serum lots may contain
trace contaminants, possibly related to the nutrients being
tested, and because sera-containing media have traditional-
ly had problems with variable growth results, not only from
one laboratory to another, but also from one serum lot to
another.35 Thus, Shive et al.1236-38 carried out a systematic
study, beginning in the late 1970s, to develop a fully-
defined, serum-free, protein-free, chemical medium that
would support growth of human lymphocytes at a level
equivalent to that obtained with sera-containing media.

Since a defined medium was to be the basis for the
study of nutritional and metabolic status, it had to be a min-
imal growth medium with respect to the amounts of each
constituent. In painstaking fashion, the amount of each
nutrient found to be necessary for optimal growth, relative
to serum-containing medium, was changed until an amount
of that nutrient, just sufficient to support optimal growth,
was achieved. After examining one component, the entire
medium was reexamined in a reiterative fashion to account
for possible interactions between new concentrations of
nutrients. Thus, each adjustment of an individual compo-
nent required reevaluation of the dose response curves of
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the remaining components. In this fashion, a new medium
that would support optimal growth of human lymphocytes
in the absence of serum or even of purified protein factors
was developed: CFBI 1000, named after the Clayton
Foundation Biochemical Institute.

The CFBI 1000 medium consisted of the minimal
amounts of glucose, essential amino acids plus glycine and
serine, vitamins, inorganic salts, inositol, choline, pyruvate,
and adenine that would support maximal growth, in addi-
tion to HEPES buffer and phytohemagglutinin (PHA), a
lectin that provides the activation stimulus for T-lympho-
cytes. Until the lymphocytes are exposed to PHA, they are
metabolically inert and incorporate no measurable 3H-
thymidine into DNA.3% Short-term growth of human lym-
phocytes in this medium was equivalent to or superior to
that observed with some sera-containing media.3¢ In fact,
comparison of growth in this medium with other media
revealed that other formulations have had levels of amino
acids so high that growth was actually inhibited. Thus, the
heart of the FIA technology is the patented CFBI 1000
medium, which supports reproducible human lymphocyte
growth and can be manipulated in vitro. Manipulation of
individual components of the medium, as described below,
allows individual nutritional/metabolic defects of the lym-
phocyte donor to be identified.

Following mitogenic stimulation in the CFBI 1000
medium, the cells undergo blastogenesis, synthesize DNA
and divide, functions that can be accurately quantified by
measurement of radiolabeled thymidine incorporation into
DNA.3 Since cell division and growth, measured by 3H-
thymidine incorporation, represents an integration of the
donor’s common metabolic pathways, this integrated func-
tion represents a sensitive endpoint for evaluation of the
donor’s personal genetic make-up, physiology, and relative-
ly long-term (3-6 months) nutritional history. Therefore,
measurement of cell growth in various formulations of the
basic CFBI 1000 medium by quantification of 3H-thymi-
dine incorporation represented a method for evaluation of
the nutritional and metabolic status of individual lympho-
cyte donors. Thus, it could be concluded that the extent of
any decrease in 3H-thymidine incorporation, observed
when the nutrient being tested was omitted from the medi-
um or otherwise manipulated (see below), was related to at
least one of the following: 1) the capacity of the cell to
transport that compound to its site of utilization, 2) the abil-
ity of the cell to utilize the compound, and 3) the availabil-
ity of cellular reserves of that compound. If the cells grew
normally when a component being tested was deleted from
or otherwise manipulated in the medium, it could be con-
cluded that no deficiency was present.

FIA PROCEDURE AND TEST DESCRIPTIONS

For the basic procedure, 8-16 cc of blood are collected
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into 1-2 Vacutainer Cell Preparation Tubes (CPTT™) by
venipuncture from a donor who has not been required to
fast. The ambient temperature samples are received by the
laboratory and processed within 24-30 hours of collection.
Mononuclear cells are separated by centrifugation of the
CPT tubes, which contain a polyester gel in a density gra-
dient liquid. The tubes are centrifuged for 30 minutes at
2800 rpm in a Beckman GS-6 centrifuge equipped with a
swinging bucket rotor and GH 3.8 buckets. The surface
layer of mononuclear cells is decanted and washed twice
with 12 cc of phosphate-buffered saline (PBS) containing
72 mg/L glucose. Washed cells are diluted with the wash
buffer and counted in a Coulter T-540 cell counter. Ninety-
six-well microtiter plates containing 0.2 cc of individual
formulations of the CFBI 1000 medium are inoculated with
25,000 cells/well contained in 0.02 cc wash buffer. After
incubation at 370 in 5% CO, for 4 days, 0.057 uCi 3H-
thymidine (6.7 Ci/mM) are added, the cells are incubated
for an additional 24 hours, the DNA is collected onto glass
fiber filter mats using a Packard Filtermate 196 cell har-
vester, and the 3H-thymidine incorporated into DNA is
counted using a Packard Matrix 9600 beta radiation
counter.

Twenty-two tests are performed in triplicate wells on a
96-well plate for each blood sample received by the labora-
tory. Nine control wells containing 100% medium are scat-
tered throughout the plate. Most of the test results are
expressed as a percentage of the average of the 9 control
wells. Thus, each subject is his/her own control, represent-
ed by the extent of growth in 100% medium. The results of
each test are expressed as percentiles and compared to ref-
erence values obtained from a large reference population.

Many applications offered in SpectraCell’s FIA are
carried out by measurement of cell growth in medium from
which the component being tested has been removed.
Growth of lymphocytes in the deficient medium is com-
pared with growth in the basic 100% medium. Subjects
who have lymphocyte growth lower than the normal range
in the absence of the nutrient being tested are considered to
have a decreased functional status of that nutrient. This test
design is used for vitamins B, B,, B3, B¢, pantothenic acid,

biotin, choline, and inositol.

The status of nutrients involved in growth-essential
pathways that can be metabolically isolated can be assessed
by manipulation of medium components. Thus, optimal
growth becomes dependent upon a specific pathway, and,
hence, upon the nutrient required for that essential pathway
to function. For example, growth of human cells requires
methionine. The functional status of vitamin B, can be
evaluated because the enzyme methionine synthetase
requires B, as a co-factor to convert homocysteine to
methionine in the presence of folic acid. If homocysteine
and folic acid are added to CFBI 1000 medium, which for
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this test is deficient in methionine and By,, functional,
endogenous B, is required to produce sufficient methion-

ine for normal growth.1238 If optimal growth is not
observed, then the cells are considered to have a functional
deficiency of vitamin B,

Another example of a nutrient that can be made depen-
dent upon a specific metabolic pathway by manipulation of
medium components is serine. Although not an essential
amino acid, severe health problems can arise from defective
or even reduced endogenous serine synthesis because this
amino acid participates in protein and phospholipid synthe-
sis, energy production, and one-carbon metabolism
required for nucleic acid synthesis. Defects in the serine
synthetic pathway can lead to neuropathy, neuritis, or
behavioral disorders, and can mimic folate or vitamin B,
neurological deficiency symptoms. Thus, defects in serine
metabolism need to be analytically distinguished from
functional deficiencies of folic acid or B, The serine test
is performed in medium lacking serine and glycine, but
with excess B¢ and folic acid added to saturate their respec-
tive enzyme systems, in case an individual is deficient in
these nutrients.!238 Under these conditions, lymphocyte
growth depends completely upon the cell’s ability to syn-
thesize and use serine. If serine synthesis or utilization is
absent or reduced, cell growth will be reduced. Similarly,
manipulations of serine, glycine, B¢ and B, can be used to

isolate metabolic pathways dependent upon folic
acid. 12384041

Still other deficiencies are identified by addition of a
selected nutrient to the complete medium. Addition of zinc,
magnesium, or increased calcium to the medium normally
does not stimulate growth above the levels seen for the sub-
ject’s cells in the 100% medium, because cells from nor-
mally replete individuals contain an endogenous supply that
supports optimal growth. If growth is stimulated by addi-
tion of any of these minerals, it suggests that the cells do not
contain optimal functional levels. A deficiency of oleic
acid, the most common monounsaturated fatty acid in
human cells, is also tested in this manner. The CFBI 1000
basic medium is supplemented with oleic acid and a defi-
ciency is suspected when growth is stimulated by this addi-
tion.42 In general, no deficiency symptoms are clearly
defined for oleic acid, since a dietary intake is not known to
be essential. However, a functional deficiency for oleic
acid observed in this assay may reflect a need for essential
fatty acids, including the omega-3 series, or could indicate
an excessive intake of trans-monounsaturated fats, found in
margarines and shortenings.

The FIA has also been used to identify individuals with
abnormal glucose utilization. Addition of insulin does not
normally affect lymphocyte growth in CFBI 1000 medium.
However, growth of lymphocytes from some individuals
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was stimulated by insulin, suggesting that these cells were
not utilizing glucose optimally. Subsequent glucose toler-
ance testing frequently showed that the subjects whose
lymphocytes responded to insulin suffered from hypo-
glycemia or from an untreated diabetic condition.*3

APPLICATION STUDIES

Several lines of evidence support the contention that
lymphocyte growth responses in CFBI 1000 medium
reflect a person’s nutritional status. Matthews et al.#4 mod-
ified the CFBI 1000 medium to support optimal growth of
murine lymphocytes, labeled it CFBI 2000, and used it for
nutritional depletion and repletion studies using mice.
They found that lymphocytes from mice, fed a diet defi-
cient in a specific B vitamin grew at a reduced rate, relative
to controls in 100% medium, when cultured in medium
deficient in the same B vitamin deleted from their diet.
Lymphocytes from these mice exhibited normal growth
when cultured in medium deficient in B vitamins that had
not been removed from their diet. Subsequent dietary
repletion of the vitamin that had initially been deleted from
their diet was followed by a return to optimal growth when
lymphocytes taken from the repleted mice were cultured in
medium lacking the B vitamin that had been restored to the
diet. The authors suggest that ”....examination of prolifer-
ation of lymphocytes/splenocytes in culture may provide a
novel tool for the assessment of nutritional status.”

Results using the FIA method with human lympho-
cytes have been compared with results using other methods
of nutritional assessment. Shive!2 found that lymphocytes
taken from subjects who excreted reduced levels of vitamin
B, in their urine grew at a reduced rate, relative to controls
grown in 100% medium, when cultured in medium lacking
B, He also reported that the decreased lymphocyte growth
responses, observed when the cells were grown in the
absence of vitamin By, correlated with a standard erythro-
cyte glutamate-oxalacetate transaminase test for B status. 12
In addition, results of FIA testing correlated with a nutri-
tional disorder found in several subjects tested. Growth of
lymphocytes from patients with pernicious anemia or
macrocytic anemia was inhibited when tested for B, and
folate-dependent utilization of glycine.12

Using a slightly different assay protocol for serine syn-
thesis in cultured lymphocytes, Ellegard and Esmann40
detected folate deficiencies in 17 of 23 patients with sus-
pected deficiency secondary to malnutrition (5 patients),
malabsorption (14 patients), and phenytoin use (4 patients).
Measurement of folic acid levels in erythrocytes of the
same patients identified only 11 cases of deficiency.
Twelve patients treated with oral folic acid supplementation
for 4 weeks showed an approximate 2-fold increase in lym-
phocyte serine synthetic activity.4! Bucci noted that spe-
cific nutrient repletion was found to normalize 33 of 42
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abnormal FIA tests, originally observed in five subjects,
when retested a year later. Seven of the 42 tests showed
improvement, though test subjects did not reach the normal
range, while 2 of the 42 test subjects scored lower than the
original test score.®>

Dr. Shive’s experience with lymphocyte testing for
nutritional deficiencies included numerous case studies that
illustrate the benefits of identification of deficiencies fol-
lowed by appropriate supplementation.!24647 An 86-year-
old patient with severe mental deterioration was found to be
deficient in vitamin B, and biotin by FIA testing. These defi-
ciencies were confirmed with the finding of reduced urinary
output of both vitamin B, and biotin. After supplementa-
tion, the patient was again able to communicate meaningful-
ly with others. A second patient showed a long medical his-
tory of lassitude, paresthesia, muscle pain, mild depression,
and anxiety. After FIA testing revealed a deficiency of
biotin, supplementation was begun with injections followed
by maintenance on oral biotin, which alleviated his severe
symptoms. It was later discovered that the patient had been
consuming a drink containing raw egg whites and had been
eating barely heated eggs for breakfast on a daily basis: he
had most likely suffered from an avidin-induced depletion of
biotin. A third patient, who presented with a neurological
disorder, was found to have defective serine synthesis. She
was given serine or placebo supplements, alternated ran-
domly at 2-week intervals for 10 successive intervals.
During this time she was able to correctly identify serine or
placebo at each interval, based on improvement in clinical
symptoms assessed by her neurologist.

Once the CFBI 1000 medium and the tests utilizing it
were established, a large number of subjects (>5000) were
tested to build a database for reference range determination.
During this early phase of testing it was noted that subjects
with similar disease states did not exhibit consistent pat-
terns of nutrient deficiencies. This finding may help explain
why clinical trials of single-nutrient supplementation of
subjects with specific conditions seldom achieve a high
level of clinical response. It also became clear that, of the
22 tests applied, many individuals exhibited not only single
nutrient deficiencies, but a significant number were found to
have multiple deficiencies. Table 1 illustrates the number of
tests performed by SpectraCell and the prevalence of nutri-
ent deficiencies observed during the two years from August,
1997 through July 1999. Out of 89,747 individual tests per-
formed, 12,087 deficiencies were found. Calcium, antioxi-
dant capacity (Spectrox™ — a test of the capacity of the
donor’s lymphocytes to resist growth inhibition by free rad-
icals) and glutathione deficiencies were the most prevalent,
whereas choline and pantothenic acid deficiencies were the
least prevalent. Spectrox™ and glutathione values indicate
lymphocyte antioxidant capacity.
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Table 1. Prevalence of individual nutrient deficiencies
identified by FIA from August 1997 through July 1999.

TEST ol Topip 4 Deficient Teats
B N7 17|
41 []

Bl 4903 10
Bd Ar4E T
B2 4748 7
Folabs 4742 [
Panioheine #0548 3
Blotin 4D ]
Sarine 3482 10
aln 3508 11
Asn/Gin 87 12
Ghollne 880 2
Inostol 3584 T
Qle/BEA ET T a
Insulin 3548 13
Fructoas 1530 18
Cakelum 4864 - |
[ Zwx: 4570 0
Mg 4541 18
G8H 42459 k1
Cystsina| pLil) Fa
Spacirox] S088 33

APPLICATION OF THE FIA METHOD TO THE
EVALUATION OF CELLULAR ANTIOXIDANT
STATUS

Oxidative stress is rapidly becoming recognized as a
significant contributor to chronic disease.*8-50 Its contribu-
tion to heart disease and stroke5!:52 are well recognized, as
is its relationship to cancer53-55 through genetic mutation
and perhaps even cell membrane damage. Evidence is also
rapidly accumulating for association between elevated
oxidative stress and pre-eclampsia in pregnancy,’¢ cogni-
tive decline with aging,7 the process of aging itself,58
many of the complications of diabetes,5 and depressed
immune function.6%.6! The broad range of physiological
damage and potential chronic disease associated with a pro-
longed imbalance of oxidants and antioxidants supports the
need for a reliable, sensitive, rapid, and inexpensive
method for measuring internal cellular redox imbalances
and antioxidant deficiencies.

Current methods of assessment of redox state fall into
two major categories.2 One approach is the quantification
of lipid peroxidation products such as isoprostanes, eicos-
apentaenoic and docosahexaenoic acids, oxysterols,
hydroxy fatty acids, lipid peroxides and aldehydes in serum
or urine.®3 These approaches have been widely investigat-
ed for their potential to predict risk of cardiovascular dis-
ease.52.0465 Formation of protein carbonyls has been used
to estimate oxidative damage to proteins.>¢ These
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