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Abstract

In this study we have measured the in-
tensity of serum emission at 450 nm (emis-
sion of NAD(P)H) for patients with chronic
fatigue syndrome (CFS). Changes in emission
of serum in UV-visible range for patients with
CFS are compared to other laboratory tests.
Results of our analysis demonstrated that:
-Bioenergetics measured by serum emission
averaged 20% lower in patients than controls.
-Serum emission intensity correlated with the
concentration of coenzyme Quo in serum.
-Antibodies to infections Candida albicans
and Epstein-Barr virus (EBV) were elevated
in 71%-85% of patients.
- There was no correlation between the level
of serum emission or energy metabolism
and the level of antibodies in serum.
-Fatigue was not caused by an under ac-
tive thyroid; 75% of patents had hormone
free T3 in normal range.
-Pyrroles concentration in urine was higher
than the normal range and correlated in-
versely with serum emission (R=0.6).

Introduction

Chronic fatigue syndrome (CFS) con-
sists of a combination of nonspecific symp-
toms—severe fatigue, weakness, malaise,
subjective fever, sore throat, ainful lymph
nodes, decreased memory and depression,
with a remarkable absence of objective
physical or laboratory abnormalities.*® Be-
cause of the nonspecific nature of the
symptoms and the lack of a diagnostic test,
researchers have had difficulty devising a
case definition for CFS and, when defini-

1. Center for the Improvement of Human Functioning
International, Inc., 3100 N. Hillside Avenue, Wichita, KS,
67219.

2. Wichita State University, Department of chemistry,
Wichita, KS, 6260-0051.

tions have been given, they have differed
greatly among the various published stud-
ies which making direct comparisons of the
results obtained in various studies difficult.
For many years researchers have
searched for viral causes of CFS. Viruses
have been suspected because several viral
infections are characterized by a chronic
post-infection fatigue and because the on-
set of CFS often resembles an acute viral
illness. However, in other viral infections,
the symptoms do not generally persist af-
ter several weeks as found in CFS. Because
many, but not all, of the patients had
Epstein-Barr virus (EBV) antibody profiles
that suggested reactivation of latent infec-
tion, the syndrome was linked to Epstein -
Barr virus. Later it was shown that the
serologic associations between the syn-
drome and cytomegalovirus, herpes, sim-
plex virus types 1 and 2 and measles virus
were as strong as or stronger than the as-
sociation with Epstein-Barr virus. Most of
patients with CFS have a high level of EBV
antibodies in their blood, but EBV is no
longer regarded as the sole or even neces-
sarily a contributing cause for chronic fa-
tigue. Many researchers and doctors con-
sider that the disease involves multiple
converging imbalances and deficiencies.
Many studies explored the interrela-
tion of the immune, endocrine and central
nervous systems and the possibility that
stress and/or reactivation/replication of
latent microorganisms could modulate the
immune system to induce CFS. It was also
proposed that CFS may be caused by im-
munological dysfunction, for example, in-
appropriate production of cytokines or al-
tered capacity of certain immunological
function. CFS patients showed evidence of
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immune activity demonstrated by in-
creased number of activated T lympho-
cytes, as well as an elevated level of circu-
lating cytokines.® Immune cell function of
CFS patients is poor and immune dysfunc-
tion in CFS can be episodic and associ-
ated with either physiological and psycho-
logical function or activation of latent vi-
ruses or other pathogens. Several investi-
gators have reported lower number of
natural killer cells or decreased activity of
natural killer cells among CFS patients
compared with healthy volunteers, but
others have found no differences between
patients and control group. The results of
scientific investigations demonstrate that
there are no immune disorders in CFS on
the scale traditionally associated with im-
mune disease.

Disturbed mitochondrial function
may contribute to or cause the fatigue
seen in CFS. Carnitine which is essential
for mitochondrial energy production, for
example, was reportedly significant lower
in serum. It was demonstrated that CFS
patients have significantly reduced serum
total carnitine and free carnitine level.
However, otherst concluded that serum
carnitine does not contribute to CFS.

A number of recent studies showed
that oxidative stress might be involved in
the pathogenesis of CFS. Oxidative stress
can be caused by increased generation of
reactive oxygen species. Studies®? have
been reported that erythrocyte morphol-
ogy was altered in some CFS patients.
Certain markers of oxidative stress were
elevated and the symptoms of CFS were
directly associated with these markers and
various measures of oxidative damage.
Multiple regression analysis revealed
methemoglobin could be used to differen-
tiate CFS patients from control subjects.

A review of research at the 1990 CFIDS
Association Research Conference in Char-
lotte, North Carolina, concluded that the list
of what we do not know about CFS is longer
than list of the things that are known.
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For many years scientists investigating
the CFS were convinced that it reflected the
immune system’s response to an invading
infectious agent and that the activity of this
microorganism resulted in decreased body
energy. Accordingly, we consider that the
infectious agent, which is present in pa-
tients with CFS, is the result of a weakened
immune system. The weakened immune
system results in decreased energy metabo-
lism in cells, which is the result of de-
creased oxygen consumption by cells due
to a decrease in oxygen delivery to cells as
the result of defects of RBC protection
against oxidative damage or aberration of
porphyrin metabolism.

As this pathological condition has no
diagnostic test and the definition at
present is based on signs and symptoms
only, we decided to develop a method of
measuring the level of energy metabolism
for this kind of disorder as a first step to
link the level of coenzyme NAD(P)H in
serum with clinical tests, which were ob-
tained from patients with CFS. The meas-
urement of fluorescence emission of se-
rum allows an estimate of NAD(P)H and
can be used to monitor the alteration in
serum emission, which follows changes in
the amount of coenzymes in serum, hence
changes in the level of energy metabolism.

Experimental Procedures

The patients with CFS were diag-
nosed according to the Center for Dis-
ease Control criteria released in 1994
with a spectrum of symptoms that ex-
isted for at least six month: new unex-
plained, persistent or relapsing chronic
fatigue, which was not resolved by bed
rest and severe enough to significantly
reduce previous daily activity by 50%;
headache; muscle pain; pain in multiple
joints, and unrefreshing sleep. Other
clinical conditions that may produce
similar symptoms were excluded by
thorough evaluation, based on the ap-
propriate laboratory findings.
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Preparation of Samples

Baseline, normal blood samples were
obtained from healthy staff volunteers. The
experimental samples of serum were ob-
tained from Center patients, which were
clinically diagnosed with CFS. Serum was
separated from blood by centrifugation at
3500 rpm for 15 minutes. Most serum sam-
ples were obtained from individuals who had
fasted overnight to exclude the effect of fluo-
rescence emission of drugs and vitamins.
Some samples were stored frozen at -20°C
for up to one month and measured after this
period. To analyze the effect of keeping the
serum frozen on fluorescence emission, sev-
eral samples from healthy volunteers were
measured before and after frozen storage
and it was shown that the emission of se-
rum did not change after one month.

All serum specimens were diluted by
PBS (Phosphate buffered saline) using a
ratio of 1:20 to measure the emission in the
range of absorption less than 0.1 at the
excitation wavelength, which allowed
measuring the fluorescence in the region
where there is the linear relationship be-
tween fluorescence and NAD(P)H concen-
tration. For calibrating the instruments we
used several standards: rhodamine B,
[Ru(bpy)3]2+ in EtOH : MeOH (4:1) solu-
tion, and a composite of normal serum
solutions from several staff volunteers.

Procedure for Measurements

For each specimen and solvent, the fluo-
rescence spectra were run using a SPEX
spectrofluorometer (sensitivity 4000:1, dou-
ble-grating spectrophotometers). The light
source was a 125 W xenon lamp. The devise
had two double-grating monochromators,
one for excitation and another for emission.
The emitted photons were measured with
a Hamamatsu R928 photomultiplier tube.
For measurements, the solutions were
placed in quartz cells, and the measure-
ments were obtained with a 90-degree an-
gle between the beams of excitation and the
emission light path. For the excitation

scans, the range of wavelengths used was
315-340 nm and for emission 330-600 nm.
Background curves for the solvent (PBS)
were measured each time before measure-
ments of the diluted serum. The fluores-
cence spectra of solvent were subtracted
from the fluorescence spectra of serum to
remove background effects.

The blood parameters, level of antibod-
ies and pyrroles in urine were measured by
standard techniques used in the Center’s
certified laboratory for many years.

Results

Spectroscopy: Irradiation of the sam-
ples at wavelengths in the range of 300 -
340 nm gave rise to emission in the 350 -
600 nm region, coinciding with the respec-
tive absorption and emission of NAD(P)H,
along with other contributing molecules.
The excitation wavelength was chosen to
exclude the effect of protein emission,
which has a very intense peak in the range
of 280-320 nm. The fluorescence emission
spectra for the excitation wavelengths 315
and 340 nm for healthy volunteers’ serum
are shown on Figure 1 (p.200).

The excitation of samples at wavelengths
340 nm gave better resolution for NAD(P)H,
the principle emitting contributor, as will be
shown below, and other fluorophore emis-
sions in the visible range since tryptophan,
which absorbs at 315 nm, does not have any
significant absorption in this range.

Estimation of serum emission for pa-
tients with CFS: The fluorescence emission
curves for healthy volunteers were meas-
ured to establish a baseline for the normal
series. Only the serum from fasting volun-
teers (40 curves) was used for the analysis
of emission range variation, as our analy-
sis from non-fasting volunteers showed a
significant influence of vitamins (especially
vitamin Bs) and drugs uptake on the level
of serum emission in UV-visible range.

The average of the curves for 40
healthy volunteers with standard devia-
tions (SD) was calculated for excitation at
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315 nm, 325 nm and 340 nm.

To find the differences between serum
emission for patients with CFS and healthy
subjects, the average normal range was
compared with measurements of serum
emission from CFS patients. The param-
eters used for the comparison were: the
maximum intensity of emission at 450 nm
and the ratio of the intensity at 450 nm to
the intensity at 400 nm.

Results are presented in Table 1, (p.201).
The values in the columns describe the fol-
lowing parameters for each patient;

-The intensity in counts per second of
serum emission at 450 nm at excitation 315
nm (emission of NAD(P)H).

-Percentage difference in the emission
intensity of NAD(P)H (maximum intensity
at 450 nm) for patients with CFS in com-
parison with the average emission inten-
sity at 450 nm for healthy volunteers.

-Laboratory values for patients per-
formed at the same serum samples (level
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of hormone free T3, CoQu level of EBV-early
AG (lgG), anti-Candida antibodies in blood
(19G, IgM, 1gA), counts of white blood cells
and red blood cells, values of hemoglobin,
hematocrit, MCV and pyrroles in urine).

A description of the analyses of the
serum emission (level of NAD(P)H) for
patients with CFS compared to the normal
group is presented below. Figure 2 (p.202)
contains several curves of serum emission
from patients with CFS in comparison with
the normal range (mean +2 SD).

As shown in Figure 2, (p.202) the emis-
sion maximum at 450 nm corresponding
to NAD(P)H in serum was usually lower for
CFS patients than our normal range. The
frequency distributions of the measured
intensities at 450 nm (fluorescence of
NAD(P)H) for healthy volunteers and for
patients with CFS was calculated, normal-
ized on the total number of cases and col-
lectively illustrated in Figure 3 (p.203).

Statistical analysis demonstrated that the

Figure 1. Fluorescence emission of serum of healthy volunteers at two excitation wave-
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difference between mean values for two groups ~ (P=0.0001, 2-tailed, mean values of serum
of data was statistically significant. The level emission 1.79x10%ps and NAD(P)H 10 nm
of NAD(P)H and level of metabolic activity for 35 healthy controls vs 1.48x10°cps and
were lower for 64 patients with CFS 9.2 nm for patients with CFS).

Table 1. Serum emission and laboratory values for patients with CFS.

serum level of White Red

emiss. %  NAD(P)H Free EBV 1gG IgM IgA Blood Blood hemo- hema- Pyrroles
Req.# (I/10° diff (nm) T3 Quw IgG Candida antibody Cells Cells globin MCV tocrit in urine

13

50464 0.96 4730 5.80 39 17 7 5 461 134 86 39 93
50493 154 16.00 925 266 214 5 5 43 3
53815 173 546 1040 532 18 4 57 19 62 74 448 13.8
54153 157 1426 944 27 14 9 14 8 65 468 14.7 89 41 12
54256 156 1475 938 233 08 11
54315 14 2350 842 392 13 104 64 485 15.7 90 43 17
54329 183 000 1101 321 2 55 33 12 36 55 374 12.4 93 349 14
54535 165 995 991 195 13 74 478 14.1 84 40.3 8
54654 14 2366 840 277 1 42 29 18 44 6 464 14 86 40 19
54774 131 2814 791 343 13 21 22 33 5 4.05 134 93 37 5
54907 172 6.01 1034 236 1 127 36 19 7 6.3 428 14.4 92 39 3
55017 158 1366 950 274 11 9 4 18 8 54 443 13 82 36.5 45
55023 137 2514 824 23 11
55072 158 1366 950 28 12 51 4.03 12.8
55085 1.62 1148 974 367 12 3 12 10
55143 144 2131 866 236 1 63 428 14.4 92 39
55158 146 2022 878 53 44 139 87 38
55187 197 7.651 185 53 39 12.3
55413 153 1639 920 325 17 20 19 10 61 4.03 12.9 16
55514 169 765 1016 32 19 21 40 13 6 4.64 14.2 87 40 7
55617 1.68 820 10.10 3.67 23 22 22 118 472 149 89.8 422 16
55657 154 1585 9.26 08 46 34 28
55736 105 4262 6.32 48 445 14.2
55823 122 3333 734 162 07 49 18 44 39
55833 115 3716 6.92 21 38 27
55851 16 1257 962 364 14 60 31 48 69 471 14.8 89.3 42 8
56156 152 1694 914 188 1 59 415 125 84 34.9 36
56425 166 929 998 316 03 23 36 16 8 35 417 13 90 37
56487 145 2077 872 434 16
56514 137 2514 824 58 457 135 88 40
56596 1.05 4262 632 295 17 37 31 21 47 54 431 13 89 385 8
56599 166 929 998 271 11 1 53 18 36 62 462 14 91 41 16
56715 109 40.66 653 326 08 12 72 554 16.9 89 49 108
56833 123 3279 740 61 41 43
56851 131 2842 7.88 92 346 104 92 31 23
56876 143 21.86 8.60 63 441 13.8 91 40.2 19
56897 105 4262 632 164 7 4.39 13.6 89 39 35
56943 176 383 1058 312 17 25 46 6 32 54 532 155 88 47 14
56968 1.17 36.07 7.04 277 08 48 55 51 79 27 406 11.3 84 34 5
56979 144 2131 8.66 14 57 26 24 69 471 14.8 89 42 8
57021 139 2404 836 32 20 18
57298 147 1967 884 3483 15 52 14 15 12 35 438 13.9 90.8 39.6 7
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Figure 2. Fluorescence emission curves of human serum for healthy subjects
(average + 2SD) and for patients with chronic fatigue syndrome.
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The sensitivity of the method was de-
fined as the percentage of patients with
disease whose level of serum emission fell
below the reference value (RV), which was
chosen as the point of intersection of fre-
quency distribution of emission with the
normal distribution curve. The percentage
of patients that had emission intensities
less than the reference value (equal 1.6x10°)
was for 70% of all patients with CFS. 45%
of patients had emission intensities 20%
lower than average normal level.

Factor analysis, which was based on the
matrix of correlations between all variables,
was calculated and presented in Tablel. Emis-
sion intensity at 450 nm correlated best with
serum CoQu concentration (R=0.47) and
pyrroles concentration in urine (R=-0.6). The
correlation between CoQ10 and serum emis-
sion is presented in Figure 4. (p. 204)

An inverse correlation (R=0.6) was
found between level of serum emission and
level of pyrroles in urine (Figure 5, p.205).
The lower level of energy metabolism meas-
ured by serum emission, the greater was the
detected level of pyrroles in urine. A high
level of pyrroles in urine was first described
in the urine of patients with various men-
tal illnesses.3

We also tested for infectious agents in
patients with CSF. In our BioCenter labo-
ratory the test for Candida albicans, the mi-
croorganism classified as a fungus, was
obtained for most of patients with CFS.
Another test was the evaluation of EBV-in-
fection. The result of comparison of the
level of antibodies in blood due to these in-
fections with the normal range is presented
at Figure 6 (p.206). 71%-85% of CSF pa-
tients the level of anti-Candida antibodies
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Figure 3. Distribution of the level of serum emission at 450 nm (level of NAD(P)(H)

patients with CSF and healthy volunteers.
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(19G, IgM, 1gA) and level of EBV-early AG
(1gG) was higher than normal range.

To test if the condition of CFS is
caused by the hormone imbalance, such
as hypothyroid, because thyroid hor-
mones play a central role in maintaining
the body’s energy level and an under ac-
tive thyroid may cause fatigue, we tested
the level of free thyroid hormone T3. For
75% of patients the level of free hormone
T3 was in normal range.

We also tested CFS patients for vita-

min deficiencies to determine whether
oxidative damage and/or altered protec-
tive antioxidant systems might be related
to this pathological condition. The level
of vitamins for patients with CFS was
compared with healthy control. The dis-
tribution of vitamin C and vitamin Bs in
serum are shown in Figure 7. (p.207) The
figures clearly show difference in the level
of antioxidants for these two populations.
This result may indicate an increased
oxidative stress in patients with CFS.

203



Journal of Orthomolecular Medicine

Vol. 17, No. 4, 2002

Figure 4. Correlation between the level of serum emission at 450nm (count per

second 10°) and CoQuo (pg/ml) in serum.
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Source of Emission: For identifying the
different peaks in the serum emission spec-
trum derived from healthy volunteers and
estimating the effect of different fluores-
cence components (proteins and
coenzymes) on the native serum fluores-
cence, measurements of different fractions
of fluorescent serum biomolecules were
performed. Others have shown that fluo-
rescence of native serum can be attributed
to a variety of molecules such as tryp-
tophan (trp), tyrosine (tyr), phenylalanine
(phe), NADH, pyridoxal phosphate, bi-
lirubin, flavin-adenine dinucleotide (FAD)
and others. The components used in our
analysis were: lyophilized albumin, human
(-globulin, 3-hydroxyanthranilic acid, 4-
pyridoxic acid, pyridoxal-5-phosphate, and
(-nicotinamide adenine dinucleotide (re-

nicotinamide (ordered from Sigma). We
analyzed the contribution of the different
fractions to the emission of serum by us-
ing two different methods: by solving lin-
ear equations with adjustable coefficients
for different components and by estimation
of the contribution of the different serum
fractions of emission by measuring the
emission of serum fraction with real val-
ues of concentrations. Comparison of the
emission of different fractions proved that
the main influence on the native emission
at this range of wavelength is from emis-
sion of NAD(P)H. Thus, we concluded that
changes in emission intensity of serum is
due to a decrease of NAD(P)H which cor-
relates and this parameter can be used to
monitor the level of energy metabolism in
patients with pathological conditions.
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Figure 5. Correlation between serum emission at 450nm (cps) and concentration of

pyrolles in urine (pg/dL).
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Comparison of Emission to Tests: Se-
rum fluorescence intensity at 450nm
(NAD(P)H emission) was lower for patients
with CFS than the intensity of emission at
the same wavelength for the normal range.
Evaluation of the data listed in Table 1 in-
dicates that emission intensity changes in
serum do not correlate with counts of RBC
or WBC, levels of hemoglobin, hematocrit
or MCV, but do show a relationship to
CoQuo in serum and pyrroles in urine.

Coenzyme Qio is one component of a
complex series of reactions that occur
within mitochondria. The function of CoQuo
ultimately is linked to the generation of
energy within the cells. The reversible oxi-
dation and reduction of CoQu is the basis
for its function as carrier of electrons be-
tween flavoproteins and cytochromes.
CoQuo is essential for ATP production and

for bioenergetics. In comparison with other
respiratory carriers in the inner mitochon-
drial membrane, the content of CoQiw ex-
ceeds the other redox components by about
ten fold. The low level of bioenergetics may
be due to exhaustion of the store of CoQuo.
The correlation between level of CoQ1o and
level of serum emission at 450nm (level of
NAD(P)H) and lower level of these
coenzymes for patients with CFS than for
healthy volunteers proves that the
bioenergetics is lower for these patients and
the proposed method of fluorescence emis-
sion measurements are a valid means for
energy evaluation.

Emission intensity changes in serum
correlate with level of pyrroles in urine. How
pyrroles are produced and appear in the
urine is still unclear. Our suggestion is that
the pyrroles in urine may be results of an
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Figure 6. Frequency of abnormal anti-candida antibodies (IgG, IgM, IgA) and EBV early

AG (1gG) in serum of patients with CFS.
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aberration of porphyrin metabolism (in
case of iron deficiency, unstable
hemoglobin disease, conditions, which may
cause RBC hemolysis, or others) or effect
of decreased level of RBC protection
against oxidative damage.

Increased level of methemoglobin
(MetHb) in RBC of patients with CFS,»
which is the product of oxidation of ferrous
iron of hemoglobin molecules, also support
our results of the decreased level of
NAD(P)H in cells, as the formation of MetHb
is controlled by NADH-methemoglobin
reductase, glutathione and NADH/NADPH.
The decreased level of NAD(P)H and in-
creased level of MetHb in RBC for patients
with CFS may be associated with oxidative
stress and decreased protection of cells
against oxidative damage. This hypothesis
is also supported by our results about the

level of antioxidants, such as vitamin C and
vitamin Bs in patients with CFS.

The conclusion about lower level of
oxygen consumption by patients with CFS
was also made in study.®® Several param-
eters were measured for these patients:
blood volume, peak aerobic power and fa-
tigue level. Peak oxygen consumption was
measured during exercise on an upright
cycle ergometer and patients displayed a
trend for 35% lower peak oxygen consump-
tion (P<0.001).

A non-invasive methodology has been
designed in this report to estimate the level
of energy metabolism by measuring the
fluorescence of reduced nicotinamide ad-
enine dinucleotide (NADH). Our analysis
during two years of the level of serum emis-
sion for patients with different metabolic
disorders, showed characteristic changes in
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Figure 7. Vitamin status in patients with CSF.
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serum emission for patients from differ-
ent groups of chronic diseases.

As the results of our analysis we also
design the working hypothesis that shows
the possible interrelations during the de-
velopment of this disorder.

Decreasing of the level of energy me-

tabolism and developments of CFS may be
result of decreased level of oxygen consump-
tion by cells as the result of decreased level
of oxygen delivered to cells by RBC.
Changed level of oxygen transported by
erythrocytes and decreased level of oxygen
consumption may be caused by aberration

207



Journal of Orthomolecular Medicine

of porphyrin metabolism or by defect of
RBC protection by catalase, superoxide
dismutase, glutathione or other systems
against oxidative damage. This statement
was proved by high level of pyrroles in
urine, reverse correlation of the level of
energy metabolism with level of pyrrolesin
urine and lower level of antioxidants in
serum of patients with CFS. Decreased level
of energy metabolism causes the weakening
of the immune system. The infectious
agents, which are present in the patients
with CFS, are the results of weaken im-
mune system.
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