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Patients with chronic fatigue syndrome (CFS) suffer from disabling physical
and mental fatigue. Abnormalities in mitochondria1 function can lead to
fatigue and weakness. Ultrastructural mitochondria1 abnormalities have been
reported to be present in CFS patients. We obtained percutaneous needle muscle biopsies from 15 CFS patients and 15 age- and sex-matched controls. We
investigated previously reported ultrastructural abnormalities in CFS: subsarcolemmal mitochondrial aggregates, intermyofibrillar mitochondrial aggregates, mitochondrial circumference, area, pleomorphism and the presence of
compartmentalization of the inner mitochondrial membrane. All of the steps
of tissue processing, electron microscopy and data abstracting and analysis
were performed in a totally blinded fashion. All of our data were rigorously
quantified. We found no difference in any of these studied parameters
between CFS patients and controls. Although there is no ultrastructural mitochondrial abnormality in CFS patients, other lines of evidence suggest the
presence of a possible functional mitochondrial abnormality.

......................
Introduction

Profound muscle fatigue, precipitated by minimal
physical activity is one of the major symptoms in patients
with Chronic Fatigue Syndrome (CFS) [l]. In CFS there
have been reports of excessive intramuscular acidification
[2] and abnormal jitter with single-fiber electromyography suggestive of abnormal muscle membrane function
[3]. However, other investigators have not found abnormalities in muscle fatigability and excitation-contraction
coupling [ l,4].
In vitro tests have shown depressed muscle mitochondrial respiration in CFS, and patients have demonstrated

reduced aerobic work capacity [5]. Mitochondria1 palmitate oxidation has been reported to be reduced in CFS
patients [6], and the intracellular concentration of ATP
has been demonstrated to be reduced at peak exercise in
CFS patients [7]. These results suggest a mitochondrial
abnormality.
Ultrastructural abnormalities in muscle mitochondria
from CFS patients have recently been reported [8-111.
Mitochondria are the source of energy production in cells
and dysfunction of these organelles may be the cause of
the fatigue seen in CFS. These investigations were performed at the Institute of Neurological Sciences in Glasgow, UK, under the direction of Dr. W.M.H. Behan.
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cated, selected patients underwent Lyme disease screen, head MRI
scanning and polysomnography. All patients underwent detailed
clinical evaluations including the Fatigue Severity Scale (FSS) [12],
the Beck Depression Inventory (BDI) [13], the Symptom Checklist
90-R (SCL-90-R) [14] and the CFS Impairment Index (CFS-11)
which consists of physical and mental subsets. The CFS-I1 is presented in table 1 and is a modification of another CFS evaluation scale
[15]. In addition, each patient underwent the Structured Clinical
Interview for the DSM 111-R-Nonpatient Edition (SCID-NP) which
was conducted by Ms. Renee Taylor under the supervision of Dr.
Leonard Jason, Chairman, Department of Psychology, DePaul University, Chicago. In no case was an alternate diagnosis made. All
patients met the CDC criteria for the diagnosis of CFS [16]. Also, all
of the patients met the British and Australian definitions of CFS [17,
181. Reviewing the charts retrospectively, all patients met the newly
revised CDC criteria for CFS also [19]. All patients gave signed
informed consent prior to entry into this study, which was approved
by the Institutional Review Board of Mercy Hospital.
Fifteen age- and sex-matched controls also participated in this
study. Each control individual was matched with a patient. They
included 8 females and 7 males, with an age range of 19-58 years and
a median age of 39 years. They all underwent detailed reviews of
their medical history and a thorough general physical and neurologic
examination. All controls underwent detailed clinical evaluations
including the FSS, BDI, SCL-90-R and the CFS-11. In addition, each
control underwent the SCID-NP conducted by Ms. Renee Taylor.
None of the controls had any significant medical or psychiatric illnessess identified. All controls gave signed informed consent prior to
entry into this study.
The muscle biopsies were performed with a CFS patient and an
age- and sex-matched control on the same day, within 0.5 h of each
other. This was done to control for any possible day-to-day technical
differences in the biopsy procedures.
A needle muscle biopsy was obtained by the author (A.P.) from
the right vastus lateralis muscle (the same muscle used in the studies
performed by Dr. W.M.H. Behan and his group [8-111. The skin was
first cleaned with alcohol and infiltrated with 1% lidocaine. A 2-mm
incision was made with a scalpel blade through the skin. A Baxter
Tru-Cut disposable muscle biopsy needle was inserted through the
skin, the subcutaneous tissue and into the muscle. The location of the
needle insertion was in the center of the belly of the vastus lateralis
muscle, approximately 10 cm above the top of the patella. The needle
was inserted 0.5-1 cm into the muscle and a biopsy sample of 1 mm
[3] was obtained. A biopsy sample of this size is adequate for detailed
electron-microscopic (EM) analysis [20, 211, and in the work of
Behan et al. [8-111 the EM specimens were of this size. The Tru-Cut
Materials and Methods
needle has been used in previous investigations and has given tissue
Fifteen patients (8 females and 7 males; age range 18-58 years, samples with excellent histologic and ultrastructural qualities [22median 39 years) were evaluated for CFS. They all underwent 241. After the procedure, pressure was placed on the site and after
detailed reviews of their medical history and a thorough general several minutes a band-aid was applied. As reported in many prephysical and neurologic examination. Clinical information was ob- vious studies, the needle muscle biopsies were very well tolerated by
tained regarding whether the onset of the illness was acute (less than all of our CFS patients and controls. The biopsy itself took between 2
48 h), subacute (2-7 days) or chronic (greater than 7 days). All had and 3 s to perform and resulted in minimal discomfort. In over 200
routine blood tests performed including complete blood count. previously studied patients there have been minimal or no complicachemistry screen (including glucose, electrolytes, calcium, magne- tions[22-241. There were no complications from the biopsy procesium. liver function tests and renal function tests), sedimentation dure itself in any of our CFS patients or controls.
The postbiopsy handling and processing of the specimens largely
rate, rheumatoid factor, ANA, T3, T4, TSH, CPK, HIV, hepatit~s
screen. RPR, vitamin BLz,red blood cell folate and serum carnitine followed previously described techniques [25-271. The specimens
determinations. All patients had a urinalysis. chest X-ray and intra- were immediately placed in ice-cold 2.5% glutaraldehyde in sodium
dermal intermediate-strength PPD testing. When clinically indi- cacodylate buffer for 24 h. The specimens were postfixed in 1%buff-

Light-microscopic examination of the CFS muscle biopsies only revealed mild atrophy of type 2 fibers, a finding
that may be seen simply with disuse. Histochemical stains
of the biopsy specimens were unremarkable and there was
no evidence of necrosis, inflammation, focal mononuclear cell aggregates or insterstitial fibrosis. Ultrastructura1 analysis of the muscle biopsies revealed mitochondrial
changes in 70% of the CFS patients. There was an
increase in mitochondrial size with most mitochondria
being of twice normal size and many being 7 or 8 times
larger than normal. However, the most striking abnormality was a distinctive internal structure which produced an
appearance of compartmentalization, apparently produced by branching and fusion of the cristae. At the sites
of the branching and fusion, the cristae lost their normal
parallel arrangement. In surgical controls, only occasional
mitochondria showed compartmentalization (less than
5 % ) and in no case was there enlargement of the mitochondria. Patients with mixed connective tissue disease
rarely demonstrated similar mitochondrial changes, but
the pathologic findings were overshadowed by evidence
of fiber necrosis, regeneration, inflammation and lysosoma1 debris. Patients with mitochondrial myopathies
showed various abnormalities including increased number and size of mitochondria, pleomorphism, compartmentalization, zigzag cristae and crystalline inclusions.
The objective of our study was to determine whether
indeed CFS patients have ultrastructural abnormalities in
muscle mitochondria and whether any of these abnormalities may correlate with clinical psychometric findings
and with serum carnitine levels. All of our data were rigorously quantified. Also, in all the steps of tissue processing,
electron microscopy, data abstracting and analysis, the
individuals performing these tasks were totally blinded to
the diagnostic categories of the specimens.
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ered osmium tetroxide for 1 h, stained en bloc for 90 min in 1% uranyl acetate, dehydrated in increasing grades of ethanol and embedded in EponlAraldite. One-micrometer thick sections were stained
with methylene bluelazur I1 for light-microscopic examination and
orientation. Thin sections (silver) were stained with 2.5% uranyl acetate in 50% ethanol, and in Reynolds lead (lead citrate). A Joel
lOOCX was used for EM observations and photography. The entire
technical handling and processing was under the direction and guidance of Mrs. Paloma Larramendi, Supervisor and Instructor, Electron Microscopy Laboratory, Division of Cell Biology, Rush University, Chicago. The author (A.P.) also has extensive experience in performing EM tissue preparation and analysis of EM generated data
[25-271.
At the time the biopsy specimens were obtained, they were
labeled using coded numbers. Thus, Mrs. Larramendi was totally
blinded to the diagnostic category of each specimen during the entire
processing and photographing of the specimens.
The specimens were photographed at low power ( x 14,000) in
order to ascertain the number of subsarcolemmal aggregates and the
number of mitochondria in each of these aggregates. The instructions
were to photograph all mitochondrial aggregates that were present in
the biopsy specimen. An aggregate was counted as a subsarcolemmal
aggregate as long as it was fully under the subsarcolemmal membrane
and was distinctly separate from a nucleus (mitochondrial aggregates
in the perinuclear areas were not counted). The number of mitochondria in each aggregate was also determined.
The specimens were then photographed at higher power
( x 96,000). From the high-power photographs. the presence of intermyofibrillar aggregates was determined and detailed morphometric
analysis of each photographed mitochondrion was performed. The
instructions for each specimen were that the number of mitochondria
photographed would be from a minimum of 50 to a maximum of
100. The photographs of the mitochondria were planimetrically analyzed using methods previously described [27]. The planimetric analysis was performed manually by Ms. Ramute Plioplys who was likewise totally blinded to the diagnostic category of each case.
The presence of intermyofibrillar aggregates was determined
when mitochondria were present inbetween muscle fibers, more than
2 abreast. Mitochondria tend to be distributed linearly between muscle fibers, and it was not uncommon to see up to 2 mitochondria
abreast. When more than 2 mitochondria were abreast, this area was
considered to be an intermyofibrillar aggregate and the number of
mitochondria in the aggregate was counted.
All of the photographed mitochondria were individually numbered. The circumference and area were determined manually.
In order to decide whether a mitochondrion was pleomorphic or
not, a pleomorphism index was defined. This index is the ratio of the
circumference to the area. The higher the index, the more convoluted
and distorted the mitochondrion (larger circumference for a given
area). The units of this index are purely arbitrary.
Each mitochondrion was analyzed for the presence of compartmentalization. When this was present. the degree of compartmentalization was determined. The amount of compartmentalization was
visually determined to be either 0, 25, 50, 75 or 100°/o of the entire
inner structure of the mitochondrion. For statistical analysis, the
degree of compartmentalization was defined numerically: 0 = 0%;
1 = 25Yo; 2 = 50%; 3 = 75%; 4 = 100%. The degree of compartmentalization present was determined for each mitochondrion by Ms.
Ramute Plioplys who was blinded to the diagnostic category of each
sample.

Table 1. The CFS Impairment index and its subsets

Choose a number that best indicates your physical and mental
condition:
0 = complete disability
3 = mild impairment
1 = severe impairment
4 = minimal impairment
5 = no impairment
2 = moderate impairment

Physical parameters
Personal care
Walking
Working
Sleeping
Coordination

0
0
0
0
0

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

0
0
0
0
0

1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

Mental parameters
Concentration
Speech
Memory
Calculation
Orientation
Physical:

Mental:

1

Total:

During initial tissue processing, in 1 patient and 1 control, the
biopsy specimen broke into two pieces. Each of the pieces was processed and analyzed independently under separate code numbers.
This was done as an internal control to make sure that the results
were reproducible within an individual case.
At the time of initial phlebotomy, during the initial workup of the
CFS patients, serum samples were immediately frozen and were
courrier delivered to the Mayo Clinic laboratories for assays of total
carnitine, free camitine and acylcarnitine levels using radiolabeled
enzymatic techniques [28,29]. No patients were taking L-carnitine at
the time of phlebotomy.
Once the analysis was completed, the codes were broken and the
results analyzed by diagnostic category. For statistical analysis Student's two-tailed t test, discriminant function analysis, Anova and
Pearson's rank correlation coefficients were used. The statistical
analysis was performed with the assistance of Mr. Frank Piontek
using the SPSS 4.1 programs available at the University of Illinois
Computer Center. The data are presented as the means + 1 standard
deviation of the mean.

Results

There was no statistically significant difference between the patient and control groups for sex and age. The
sex distribution was identical. The patient age was 40.5 +
12.8 years and the control age was 39.9 + 14.3 years. In
the patients, the duration of illness ranged from 8 months
to 20 years with a median of 4 years. Twelve patients had
an acute onset of their illness and 3 had a chronic onset.

Fig. 1. EM photograph taken at an original magnification of

x 14,000 from the right vastus lateralis muscle of a CFS patient. The
quality of the tissue is excellent. A subsarcolemmal aggregate is indicated by the arrowhead. There are 85 mitochondria within this aggregate. An intermyofibrillar aggregate is indicated by the solid arrow.
The scale bar indicates 1 hm.

In all cases the quality of the specimens was excellent.
In all cases, tissue morphology was excellent with no contraction artifacts. In all cases mitochondrial outlines
could easily be determined. There were no cases where the
mitochondria were swollen or distorted. Also, there were
no cases were cellular apposition was fragmented or disintegrated. The vast majority of specimens were cut longitudinally and only several transversely. For human muscle
mitochondrial ultrastructural analyses, quantitative results are identical whether the sectioning is transverse or
longitudinal [30]. A representative EM biopsy specimen is
reproduced in figure 1.
Lipid accumulations and abnormal mitochondrial inclusions were not seen in any of the specimens examined.
The range of the numbers of mitochondria actually
photographed was 5 1-129 (average of 78) per specimen.
The total number of mitochondria analyzed was 2,506.
An example of a subsarcolemmal mitochondrial aggregate is reproduced in figure 1. The number of patients

who had subsarcolemmal aggregates (10) did not differ
significantly from the number of controls who had these
aggregates (13). The range in the number of aggregates
present was identical for patients and controls, i.e. 0-10.
The mean number of aggregates in the patients was 2.33
f 2.72 and this did not differ significantly from that
found in the controls (3.1 3 f 2.72; p = 0.427).
Within the subsarcolemmal aggregates themselves, the
number of mitochondria ranged from 8 to 162 in patients
(62.5 f 48.8) and 10 to 119 in controls (58.3 f 32.1), a
result which is not statistically significantly different (p =
0.8 19).
An example of an intermyofibrillar mitochondrial aggregate is also reproduced in figure 1. The number of
patients who had intermyofibrillar aggregates was 8, the
same number as in the control group. The range in the
number of aggregates present was 0-12 (2.00 -1 3.28) in
patients and 0-6 (1.33 f 1.80) in controls, a result which
is not statistically significantly different (p = 0.457).
Within the intermyofibrillar aggregates themselves,
the number of mitochondria ranged from 5 to 10 (7.58 f
1.86) in patients and from 6 to 30 (10.90 + 8.16) in controls, a result which is not statistically significantly different (p = 0.295).
The mean circumference of the mitochondria in patients ranged from l . 17 to l .96 pm (grand mean of l .52 +
0.22) and in controls ranged from 1.28 to 1.78 pm (grand
mean of 1.54 f 0.15), which is not statistically significantly different (p = 0.685).
The mean area of mitochondria in patients ranged
from 0.086 to 0.252 pm2 (grand mean of 0.159 f 0.048)
and in controls from 0.099 to 0.2 18 pm2 (grand mean of
0.158 + 0.03 l), a result which is not statistically significantly different (p = 0.954).
Likewise the pleomorphic index did not reveal a significant difference between patients and controls. In patients
the mean range was 8.9-15.23 (grand mean of 11.73 f
1.64) and in controls it was 9.3-14.70 (grand mean of
11.71 f 1.35; p = 0.965).
An example of compartmentalization of the inner
structure of mitochondria is reproduced in figure 2. The
compartmentalization index did not differ significantly
between patients and controls. The mean result in patients ranged from 0.19 to 2.54 (grand mean of l. 16 +
0.68) and in controls from 0.14 to 2.55 (grand mean of
1.09 f 0.73; p = 0.784).
For the analysis of the results of the subsarcolemmal
aggregates, intermyofibrillar aggregates, mitochondrial
circumference, area, pleomorphic index and compartmentalization index, it should be noted that the lack of
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significant differences was consistently demonstrated regardless of the statistical tests used.
For the patient group alone, there was a significant correlation between acylcarnitine serum levels and the CFSI1 mental index score (r = -0.76 1; p < 0.01) and the CFS-I1
total score (r = -0.634; p < 0.05). Higher acylcarnitine levels correlated with functionally better scores on the CFS11. There was no correlation between serum free and total
carnitine levels and any other clinical parameters studied.
There was no correlation between free, total and acylcarnitine levels and any of the studied mitochondrial parameters.
There was no correlation between any of the mitochondrial results and patient age, sex, mode of onset of illness
or duration of illness.
There was a slight inverse correlation between mitochondrial circumference and the positive distress symptom index of the SCL90-R (r = -0.548; p < 0.05) where
increased distress correlated with smaller mitochondrial
circumference. There was also a slight inverse correlation
between the same index and mitochondrial area (r =
-0.572; p < 0.05) where increased distress correlated with
smaller mitochondrial area. Of note is the fact that there
were no other correlations detected between any of the
other psychometric parameters (all subsets of the SCL-90R; BDI; FSS; CFS-11) and any of the mitochondrial
parameters studied.
Within the patient group alone, there was no significant intercorrelation detected between the findings of
subsarcolemmal aggregates, intermyofibrillar aggregates,
circumference, area, pleomorphism or degree of compartmentalization (other than correlations between area and
circumference, and between the pleomorphic index and
circumference).
When the patient group and the control group results
were analyzed together (producing a total number of 30)
there was no correlation detected between any of the
mitochondrial parameters studied and age and sex. Likewise, there was no significant intercorrelation detected
between the findings of subsarcolemmal aggregates, intermyofibrillar aggregates, circumference, area, pleomorphism or degree of compartmentalization (other than correlations between area and circumference, and between
the pleomorphic index and circumference).
All of the mitochondrial results were fully analyzed
and compared in the 1 patient and 1 control who had a
repeat specimen analysis performed. In both cases, there
was no significant difference between the findings of the
first specimen analyzed and the second, for all of the mitochondrial parameters studied.

Fig. 2. EM photograph taken at an original magnification of

x 96,000 from the right vastus lateralis muscle of a control individual. Each of the mitochondria displays compartmentalization of the
internal structure. In each of the mitochondria, the degree of compartmentalization is 100%and the compartmentalization index is 4.
The scale bar indicates 0.1 pm.

Discussion

Our results are remarkable in that they contradict previously published observations of mitochondrial abnormalities in CFS patients. We observed all of the previously reported abnormalities in our CFS patients including
subsarcolemmal mitochondrial aggregates, intermyofibrillar mitochondrial aggregates, pleomorphism of mitochondrial shape and the presence of compartmentalization [8-111. However, our results in each of these parameters were identical in the CFS patients and controls. In all
of these mitochondrial parameters investigated, there was
not even a trend towards a difference between CFS
patients and controls.
Of note is the fact that we found no correlation
between any of the studied mitochondrial abnormalities
and patient age, sex, mode of onset of illness or duration
of illness. Also of note is that there were no significant
intercorrelations between any of the studied mitochondrial parameters and each other (other than correlations
between area and circumference, and between the pleomorphic index and circumference).
Perhaps several difficulties associated with interpreting the previously reported results [8-111 lie in the lack of
rigorous quantification of data and the lack of blinded
data abstracting and analysis. It is only recently that this
group has started to quantify their results [W.M.H. Behan, pers. commun., September 19941. In comparing our

results to those of this group, there are striking similarities. For example, for mitochondrial area determinations,
this group has obtained normative data for subsarcolemma1 mitochondria of 0.14 + 0.02 pm2 and for intermyofibrillar mitochondria of 0.12 + 0.02 pm2 [W.M.H. Behan,
pers. commun., September 19941. These results are basically identical to those that we have obtained for CFS
patients, 0.159 + 0.048 pm2, and for controls, 0.158 +
0.031 pm2. This similarity in results suggests that our
techniques used do match those previously reported [8111.
In the previous reports [8-111, the most significant
mitochondrial abnormality in CFS patients was the presence of compartmentalization. The presence or absence of
compartmentalization can be very difficult to determine.
When we preliminarily analyzed our results (after results
from 9 patients and 9 controls were available), the only
significant difference that we detected was precisely with
compartmentalization, a result which was statistically significant (p < 0.05) [31]. However, for the preliminary
analysis, we did not use a rigidly defined classification
system to determine compartmentalization. This classification system was defined later and was used as described
in the methods section of this paper. We used a general
impression of degree of compartmentalization present in
the overall distribution of mitochondria in each case.
Once we defined a quantitative determination of compartmentalization and applied it in a completely blinded
fashion, we found no statistically significant difference in
the incidence or degree of compartmentalization between
patients and controls.
It has been suggested that there is a correlation between the degree of compartmentalization and size of
mitochondria in CFS - larger mitochondria tend to have
more compartmentalization [W.M.H. Behan, pers. commun., September 19941. However, we found no correlation between the compartmentalization index and mitochondrial area, or between compartmentalization index
and mitochondrial circumference, either for the CFS
group alone or for the entire studied population together.
We did find several slight inverse correlations between
one subset of the SCL-90-R (the positive distress symptom index) and mitochondrial area and circumference in
CFS patients. This correlation indicates that with increased psychologic distress, mitochondrial area and circumference are both smaller. These results contradict previously reported results [8- 111where the diagnosis of CFS
and the degree of symptomatology correlate with enlarged
mitochondria. However, in doing our data analysis, a
large number of correlations were searched for, and sim-
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ply by statistical variation, it is not surprising that we
found these two weak correlations where p < 0.05. Of note
is the fact that there were no other correlations detected
between any of the other psychometric parameters studied (all subsets of the SCG90-R; BDI; FSS; CFS-11) and
any of the mitochondrial parameters investigated.
Carnitine is essential in mitochondrial energy metabolism. It has two principal functions: (1) to transport longchain fatty acids into the mitochondrion for beta oxidation and (2) to help regulate the intramitochondrial ratio
of acetyl coenzyme A to free coenzyme A [reviewed in 321.
Carnitine deficiency conditions may be primary, such as
those associated with inborn errors of metabolism, or secondary, such as those associated with inadequate intake
of carnitine or those that are induced by medicines. Clinical symptoms of carnitine deficiency may include myopathy, cardiomyopathy, encephalopathy and fatigue. In our
studied CFS patient group, we did find clinical correlations between two of the psychometric parameters, the
CFS-I1 mental subset score and CFS-I1 total score with
acylcarnitine levels. Increased acylcarnitine levels correlated with better performance on the CFS-I1 score results.
These results are in keeping with previous reports of CFS
symptomatology being correlated with carnitine levels
[33,34]. This finding, in addition to the preliminary result
of clinical improvement in CFS patients with the use of
L-carnitine [35], suggests that mitochondrial dysfunction
may be associated with CFS symptomatology irrespective
of the lack of demonstrable ultrastructural changes.

Acknowledgements
The authors would like to acknowledge the financial support
received from the Chronic Fatigue Syndrome Association of Minnesota and from Sigma-Tau Pharmaceutical Company. The authors
would like to acknowledge the technical assistance provided by Mrs.
Paloma Larramendi and Ms. Ramute Plioplys and the statistical
assistance provided by Mr. Frank Piontek. The authors would also
like to acknowledge the assistance of Ms. Renee Taylor and Dr. Leonard Jason in performing the psychologic examinations of patients
and controls.

Electron Microscopy of Mitochondria in
CFS

.....................................................................................................................................................
References
1 Lloyd AR, Hales JP, Gandevia SC: Muscle
strength, endurance and recovery in the postinfection fatigue syndrome. J Neurol Neurcsurgpsychiatry 1988;51:1316-1322.
2 Arnold DL, Bore PJ, Radda GK, et al: Excessive intracellular acidosis of skeletal muscle on
exercise in a patient with a post-viral exhaustionlfatigue syndrome. Lancet 1984;i:13671369.
3 Jamal GA, Hansen S: Postviral fatigue syndrome: Evidence for underlying organic disturbance in the muscle fiber. Eur Neurol 1989;29:
273-276.
4 Kent-Braun JA, Sharma KR, Weiner MW, et
al: Central basis of muscle fatigue in chronic
fatigue syndrome. Neurology 1993;43:125131.
5 Riley MS, O'Brien CJ, McCluskey DR, et al:
Aerobic work capacity in patients with chronic
fatigue syndrome. BMJ 1990;301:953-956.
6 Edwards RHT, Newham DJ, Peters TJ: Muscle
biochemistry and pathophysiology in postviral
fatigue syndrome. Br Med Bull 1991;47:826837.
7 Wong R, Lopaschuk G, Zhu G, et al: Skeletal
muscle metabolism in the chronic fatigue syndrome. In vivo assessment by 3 IP nuclear magnetic resonance spectroscopy. Chest 1992;102:
1716-1722.
8 Behan PO, Behan WMH: Postviral fatigue syndrome. CRC Crit Rev Neurobiol 1988;4:157178.
9 Behan WMH, Moore IAR, Behan PO: Mitochondrial abnormalities in the postviral fatigue
syndrome. Acta Neuropathol 1991;83:61.
10 Behan WMH: Muscles, mitochondria and
myalgia. J Path01 1992;166:2 13-214.
I1 Behan WMH, Downie I, More IAR, et al:
Changes in muscle mitochondria; in Dawson
DM, Sabin T D (eds): Chronic Fatigue Syndrome. Boston, Little, Brown and Co, 1993, pp
131-140.

12 Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD: The fatigue severity scale: Application to patients with multiple sclerosis and systemic lupus erythematosus. Arch Neurol 1989;
46:1121- 1123.
13 Beck AT, Ward CH, Mendelson M, et al: An
inventory for measuring depression. Arch Gen
Psychiatry 196 1;4:53-63.
14 Derogatis LR: SCLR-90 Scoring Manual I:
Scoring, Administration and Procedures. Baltimore, Johns Hopkins University School of
Medicine Clinical Psychometrics Unit, 1977.
15 Wessely S, Powell R: Fatigue syndromes: A
comparison of chronic 'postviral' fatigue with
neuromuscular and affective disorders. J Neurol Neurosurg Psychiatry 1989;52:940-948.
16 Holmes GP, Kaplan JE, Gantz NM, et al:
Chronic fatigue syndrome: A working case definition. Ann Intern Med 1988;108:387-389.
17 Lloyd AR, Hickie I, Boughton CR, et al: Prevalence of chronic fatigue syndrome in an Australian population. Med J Aust 1990;153:522528.
18 Sharpe MC, Archard LC, Banatvala JE, et al: A
report - Chronic fatigue syndrome: Guidelines
for research. J R Soc Med 1991;84:118- 12 1.
19 Fukuda K, Strauss SE, Hickie I, et al: The
chronic fatigue syndrome: A comprehensive
approach to its definition and study. Ann Intern Med 1994;121:953-959.
20 Edwards R, Young A, Willes M: Needle biopsy
of skeletal muscle in the diagnosis of myopathy
and the clinical study of muscle function and
repair. N Engl J Med 1980;302:261-271.
21 Edwards RHT, Round JM, Jones DA: Needle
biopsy of skeletal muscle: A review of 10 years
experience. Muscle Nerve I983;6:676-683.
22 Fukuyama Y. Suzuki Y, Hirayama Y, et al:
Percutaneous needle muscle biopsy in the diagnosis of neuromuscular disorders in children.
Histological, histochemical and electron microscopic studies. Brain Dev 198 1;3:277-287.
23 Porro RS, Webster HF, Tobin W: Needle biopsy of skeletal muscle: A phase and electron
microscopic evaluation of its usefulness in the
study of muscle disease. J Neuropathol Exp
Neurol 1969:28:229-242.

24 Siperstein MD, Unger RH, Madison LL: Studies of muscle capillary basement membranes in
normal subjects, diabetic and prediabetic patients. J Clin Invest 1968;47:1973-1999.
25 Plioplys AV, Hawkes RB: A survey of Mab
4113 immunoreactivity in the adult rat brain:
differential staining of the lateral and medial
habenular nuclei. Brain Res 1986;375: 1-12.
26 Plioplys AV, Hawkes R: The expression of
monoclonal antibody Q113 immunoreactivity
in the rat cerebral cortex: Unique differential
sublayering of layer I; staining of radial glia. J
Neurosci Res 1988;20:359-375.
27 Plioplys AV, Bedford HM: Murine trisomy 16
model of Down's syndrome: Central nervous
system electron microscopic observations. Br
Res Bull 1989;22:233-243.
28 Rebouche CJ, Engel AG: Carnitine metabolism
and deficiency syndromes. Mayo Clin Proc
1983;58:533-540.
29 Engle AG: Carnitine deficiency syndromes and
lipid storage myopathies; in Engle AG, Banker
BQ (eds): Myology. New York, McGraw-Hill,
1986, pp 1663-1668.
30 Engle AG: Quantitative morphologic studies of
muscle; in Engle AG, Franzini-Armstrong C,
(eds): Myology: Basic and Clinical. New York,
McGraw-Hill, 1994, pp 1018-1045.
31 Plioplys S, Plioplys AV: Chronic fatigue syndrome (mylagic encephalopathy): A review. S
Med J I995 (in press).
32 Coulter DL: Carnitine, valproate and toxicity.
J Child Neurol 199 1;6:7-14.
33 Kuratsune H, Yamaguti K, Takahashi M, et al:
Acylcarnitine deficiency in chronic fatigue syndrome. Clin Infect Dis 1994;18(suppl 1):S6267.
34 Plioplys AV, Plioplys S: Serum levels of carnitine in chronic fatigue syndrome: Clinical correlates. Neuropsychobiology, in press.
35 Plioplys S, Plioplys AV: Amantadine and Lcarnitine therapy of chronic fatigue syndrome:
Preliminary results. Proc Am Assoc Chronic
Fatigue Syndrome 1994;1:92.

