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Abstract

In a previous study we evaluated muscle blood flow and muscle metabolism in patients diagnosed
with chronic fatigue syndrome (CFS). To better understand muscle metabolism in CFS, we re-
evaluated our data to calculate free Magnesium levels in skeletal muscle. Magnesium is an essential
cofactor in a number of cell processes. A total of 20 CFS patients and | | controls were evaluated.
Phosphorus magnetic resonance spectroscopy from the medial gastrocnemius muscle was used to
calculate free Mg2* from the concentrations and chemical shifts of Pi, PCr, and beta ATP peaks. CFS
patients had higher magnesium levels in their muscles relative to controls (0.47 + 0.07 vs 0.36 +
0.06 mM, P < 0.01), although there was no difference in the rate of phosphocreatine recovery in
these subjects, as reported earlier. This finding was not associated with abnormal oxidative
metabolism as measured by the rate of recovery of phosphocreatine after exercise. In summary,
calculation of free Mg2* levels from previous data showed CFS patients had higher resting free Mg2*
levels compared to sedentary controls.

ing form in active transport and muscular contraction [5].

Muscle Mg2* in CFS

In a previous study we evaluated muscle blood flow and
muscle metabolism in patients diagnosed with chronic
fatigue syndrome (CFS) [1]. In this study as well as others
[2-4], it has not been clear whether muscle metabolism is
abnormal in CFS. To better understand muscle metabo-
lism in CFS, we re-evaluated our data to calculate free
Magnesium levels in skeletal muscle.

Magnesium is an essential cofactor in a number of cell
processes. Magnesium ions influence the equilibria of
many reactions involved in cellular bioenergetics interact-
ing with phosphorylated molecules and interfering with
the kinetics of ion transport across plasma membranes.
Most ATP in cells is bound to Mg?+ since MgATP? is the
active species in enzyme binding and the energy produc-

Therefore, any alteration in free Mg2+ could have signifi-
cant consequences in muscle metabolism. Evidence for
changes in intracellular magnesium has been reported in
a number of diseases [6-9] and a previous study showed a

Table I: Resting metabolite values for control and CFS subjects.
Values are means and SD.

PCr (mM) pH Mg2* (mM)
Controls Mean 34.88 6.94 0.36
N=11I SD 3.9 0.02 0.05
CFS Mean 34.72 6.93 0.47
N =20 SD 3.18 0.03 0.07
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Comparison of free magnesium and oxidative metabolism
measured by PCr recovery in the legs of CFS and control
subjects. While PCr recovery values were not different
between groups, the CFS patients had significantly higher val-
ues of free magnesium.

free Mg2+ impairment in the skeletal muscle of patients
with disorders of glycolytic metabolism [10].

Resting free magnesium levels were calculated from previ-
ously collected data [1]. The subjects were CFS patients
diagnosed based on the case definition of CFS were com-
pared to inactive control subjects [11]. Magnetic reso-
nance spectroscopy was used to obtain phosphorus
metabolites from the medial gastrocnemius muscle with a
2.1 Tesla magnet. The area of each metabolite signal was
fitted to a Lorentzian line shape using a time-domain fit-
ting program AMARES/JMRUI [12], the PCr and Pi con-
centration were calculated by assuming a normal ATP
concentration of 8 mM. The cytosolic pH and [Mg2+] were
calculated from the chemical shift of Pi and B-ATP respec-
tively, both measured from the resonance of PCr, using an
equation which takes into account the mutual influence
between pH and [Mg2*] [12].

A total of 20 CFS patients and 11 controls were evaluated.
Values from both legs were averaged. CFS patients had a
significantly higher level of free Magnesium compared to
controls (Table 1, P < 0.01). However, there were no dif-
ferences in resting PCr levels and pH. As reported earlier,
there were no differences in oxidative metabolism meas-
ured as the rate of phosphocreatine recovery in these sub-
jects. Figure 1 clearly shows that despite having normal
PCr recovery values, the CFS patients had higher free mag-
nesium.

http://www.dynamic-med.com/content/5/1/1

Our analysis showed CFS patients to have higher magne-
sium levels in their muscles relative to controls, which is a
unique observation. This was true for the population as a
whole, although there was overlap in the two popula-
tions. This finding was not associated with abnormal oxi-
dative metabolism as measured by the rate of recovery of
phosphocreatine after exercise. It is not clear what the
implications of having higher free magnesium levels are,
since the alteration in free Mg2+ found in other patholo-
gies usually refers to a lower concentration [6]. Previous
studies have outlined that free magnesium is related to
intracellular pH, but in our study there was no difference
in pH between CFS and controls, and there was no rela-
tionship between resting free magnesium and resting pH.
It is known that a decrease in ATP content causes an
increase of Mg2+ concentration, nevertheless the resting
ATP level was normal in the skeletal muscle of our
patients.

In summary, calculation of free Mg2+ levels from previous
data showed CFS patients had higher resting free Mg2+ lev-
els compared to sedentary controls. While this observa-
tion was not linked to abnormal muscle oxidative
metabolism, further studies are needed to test whether
free magnesium levels may indicated some as yet unex-
plained aspect of CFS.

Acknowledgements
Supported in part by NIH HL-65179 and by PRIN n° 2004058357.

We would like to thank Elizabeth Hess and Chelsea Albrecht for their help
in analyzing the data.

References

1. McCully KK, Smith S, Rajaei S, Leigh Jr ]S, Natelson BH: Blood flow
and muscle metabolism in chronic fatigue syndrome. Clin Sci
(Lond) 2003, 104(6):641-647.

2.  Barnes P, Taylor D, Kemp G, Radda G: Skeletal muscle bioener-
getics in the chronic fatigue syndrome. Journal of Neurology Neu-
rosurgery Psychiatry 1993, 56:679-683.

3. Gibson H, Carroll N, Clague ], Edwards RHT: Exercise perform-
ance and fatigability in patients with chronic fatigue syn-
drome. | Neurol Neurosurg Psychiary 1993, 56:993-998.

4, Kent-Braun ], Sharma K, Weiner M: Central basis of muscle
fatigue in chronic fatigue syndrome. Neurology 1993,
43:125-131.

5. lotti S, Frassineti C, Sabatini A, Vacca A, Barbiroli B: Quantitative
mathematical expressions for accurate in vivo assessment of
cytosolic [ADP] and DeltaG of ATP hydrolysis in the human
brain and skeletal muscle. Biochim  Biophys Acta 2005,
1708(2):164-177.

6.  Altura BM, Altura BT, Gebrewold A, Ising H, Gunther T: Magne-
sium deficiency and hypertension: correlation between mag-
nesium-deficient diets and microcirculatory changes in situ.
Science 1984, 223(4642):1315-1317.

7. Lodi R, Montagna P, Soriani S, lotti S, Arnaldi C, Cortelli P, Pierangeli
G, Patuelli A, Zaniol P, Barbiroli B: Deficit of brain and skeletal
muscle bioenergetics and low brain magnesium in juvenile
migraine: an in vivo 31P magnetic resonance spectroscopy
interictal study. Pediatr Res 1997, 42(6):866-871.

8. Resnick LM, Altura BT, Gupta RK, Laragh JH, Alderman MH, Altura
BM: Intracellular and extracellular magnesium depletion in
type 2 (non-insulin-dependent) diabetes mellitus. Diabetologia
1993, 36(8):767-770.

Page 2 of 3

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12589704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12589704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8423875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8423875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15953473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15953473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15953473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6701524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6701524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9396571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9396571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9396571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8405745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8405745

Dynamic Medicine 2006, 5:1

Taylor JS, Vigneron DB, Murphy-Boesch ], Nelson §J, Kessler HB,
Coia L, Curran W, Brown TR: Free magnesium levels in normal
human brain and brain tumors: 31P chemical-shift imaging
measurements at |.5 T. Proc Natl Acad Sci U S A 1991,
88(15):6810-6814.

Malucelli E, Lodi R, Martinuzzi A, Tonon C, Barbiroli B, lotti S: Free
Mg2+ concentration in the calf muscle of glycogen phospho-
rylase and phosphofructokinase deficiency patients assessed
in different metabolic conditions by 31P MRS. Dyn Med 2005,
4:7.

Fukuda K, Straus S, Hickie I, Sharpe MC, Dobbins ]G, Komaroff A:
Chronic fatigue syndrome: a comprehensive approach to its
definition and study. Ann Intern Med 1994, 121:953-958.

lotti S, Frassineti C, Alderighi L, Sabatini A, Vacca A, Barbiroli B: In
vivo (31)P-MRS assessment of cytosolic [Mg(2+)] in the
human skeletal muscle in different metabolic conditions.
Magn Reson Imaging 2000, 18(5):607-614.

http://www.dynamic-med.com/content/5/1/1

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Page 3 of 3

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1650484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1650484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1650484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15938748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15938748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15938748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10913722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10913722
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Muscle Mg2+ in CFS
	Acknowledgements
	References

