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To the Editor:

We have read with much interest the paper recently
published by Khushu et al. regarding the impaired muscle
metabolism in hypothyroid patients [1]. Although the results
of this investigation are of potential interest, we are actually
concerned about the utilization of the phosphocreatine
recovery rate constant (kPCr) as a simple index of
mitochondrial function and the corresponding conclusions
regarding the impact of hypothyroidism on muscle metab-
olism during exercise. The real issue is actually to clearly
determine whether one can infer about mitochondrial
function on the basis of PCr rate constants measurements.

During recovery from exercise, PCr is resynthesized
purely as a consequence of oxidative adenosine triphosphate
(ATP) synthesis [2], and measurements of the kPCr have
been used in order to characterize mitochondrial function in a
variety of conditions [3]. However, several studies have
clearly demonstrated that cytosolic pH has a strong influence
[3]. It is actually well acknowledged that kPCr is inversely
related to the extent of intracellular acidosis and PCr
consumed [3]. In other words, a significant intracellular
acidosis and a large PCr consumption in exercising muscle
would be associated with a slower PCr resynthesis [3]. In the
Khushu et al. study, cytosolic pH was found to be
significantly lower after a 6-min constant-load plantar
flexion exercise in hypothyroid patients compared to
controls (6.95±0.02 vs. 7.02±0.06, respectively). Therefore,
the conclusions of an altered mitochondrial function in
hypothyroid patients [1] on the single basis of kPCr
measurements have to be interpreted cautiously. Of note,
several kinetic parameters are commonly used to describe
PCr changes during exercise-to-recovery transition, includ-
ing kPCr, the initial rate of PCr recovery (ViPCr) and the
maximum aerobic capacity (Qmax) [4]. These three
parameters characterizing PCr resynthesis are correlated to
oxidative capacity. However, in contrast to kPCr, ViPCr and
Qmax are insensitive to exercise intensity and end-of-
exercise metabolic conditions [3]. On that basis, ViPCr and
Qmax should be considered as additional indices to compare
the postexercise PCr recovery rate and mitochondrial
0730-725X/$ – see front matter © 2012 Published by Elsevier Inc.
doi:10.1016/j.mri.2012.06.017
oxidative capacity across different populations when end-
of-exercise pH and PCr concentration values are different or
not taken into account. These additional parameters were
considered in some previously published studies which
investigated in vivo mitochondrial function from childhood
to young and/or late adulthood [5,6]. In contrast, these
parameters were not taken into account in other studies
which investigated age-related changes in mitochondrial
oxidative capacity from childhood to adulthood [7] and
examined the association between mitochondrial alterations
and insulin sensitivity in overweight and normal-weight
children [8]. In the Khushu et al. study, the Qmax calculation
was oversimplified as the product of kPCr and the resting
[PCr], as previously described [9]. This oversimplification is
actually derived from the calculation of the ViPCr from an
exponential fitting. In that case, ViPCr is represented by the
product of kPCr and the amount of PCr consumed at the end
of exercise. On that basis, a few authors have calculated
Qmax similarly to ViPCr, with the amount of PCr consumed
being replaced by the resting [PCr]. Although mathemati-
cally plausible, this calculation is not supported by any
control model, and the corresponding Qmax is devoid of any
enzymatic meaning, as it is the case for the calculation of
Qmax using ADP within a Michaelis–Menten framework.
This method is then largely questionable because it ignores
the commonly accepted theory considering adenosine
diphosphate as a key regulator of oxidative ATP synthesis
[10]. In addition, with such an approximate calculation,
Qmax becomes strongly dependent on kPCr and/or [PCr]
measured at rest. In their study, Khushu et al. [1] reported no
significant difference in the resting [PCr] values between
hypothyroid patients and controls (43.6±0.8 vs. 42.0±
1.0 mmol kg−1, respectively). Given that the resting [PCr]
values were similar, the corresponding calculated Qmax
values were lower in hypothyroid patients than in controls on
the single basis of lower kPCr measurements in hypothyroid
patients. Consequently, this result should be interpreted
with caution.

Overall, it is of utmost importance to keep in mind that
one cannot simply infer on mitochondrial function on the
basis of measurements of the rate constant of PCr resyn-
thesis given that end-of-exercise conditions have been
shown to exert a strong influence. Future studies should
then pay attention to these methodological inaccuracies
which might hedge data interpretation and confound the
corresponding conclusions.

http://www.sciencedirect.com/science/journal/0730725X
http://dx.doi.org/10.1016/j.mri.2012.06.017
http://dx.doi.org/10.1016/j.mri.2012.06.017
http://dx.doi.org/10.1016/j.mri.2012.06.017
http://dx.doi.org/10.1016/j.mri.2012.06.017


93

94

95

96

97

98

99

100

101

102

103

104

105

106Q1

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

142

2 Letter to the Editor / Magnetic Resonance Imaging xx (2012) xxx–xxx
Sébastien Ratel
Vincent Martin

Clermont Université, Université Blaise Pascal, EA 3533
Laboratoire des Adaptations Métaboliques à l'Exercice
en conditions Physiologiques et Pathologiques (AME2P)

BP 80026, F-63171 Aubière Cedex, France
E-mail address: Sebastien.RATEL@univ-bpclermont.fr

Anne Tonson
Patrick J. Cozzone
David Bendahan

Centre de Résonance Magnétique Biologique et Médicale
(CRMBM), Faculté de Médecine de Marseille, Université

de la Méditerranée, Marseille, France

References

[1] Khushu S, Rana P, Sekhri T, Sripathy G, Tripathi RP. Bio-energetic
impairment in human calf muscle in thyroid disorders: a 31P MRS
study. Magn Reson Imaging 2010;28:683–9.

[2] Quistorff B, Johansen L, Sahlin K. Absence of phosphocreatine
resynthesis in human calf muscle during ischaemic recovery. Biochem
J 1993;291:681–6.
141
[3] Roussel M, Bendahan D, Mattei JP, Le Fur Y, Cozzone PJ. 31P
magnetic resonance spectroscopy study of phosphocreatine recovery
kinetics in skeletal muscle: the issue of intersubject variability.
Biochim Biophys Acta 2000;1457:18–26.

[4] Tonson A, Ratel S, Le Fur Y, Vilmen C, Cozzone PJ, Bendahan D.
Muscle energetics changes throughout maturation: a quantitative
31P-MRS analysis. J Appl Physiol 2010;109:1769–78.

[5] Barker AR, Welsman JR, Fulford J, Welford D, Armstrong N.
Muscle phosphocreatine kinetics in children and adults at the onset
and offset of moderate-intensity exercise. J Appl Physiol 2008;105:
446–56.

[6] Taylor DJ, Kemp GJ, Thompson CH, Radda GK. Ageing: effects on
oxidative function of skeletal muscle in vivo. Mol Cell Biochem
1997;174:321–4.

[7] Fleischman A, Makimura H, Stanley TL, et al. Skeletal muscle
phosphocreatine recovery after submaximal exercise in children and
young and middle-aged adults. J Clin Endocrinol Metab 2010;95:
E69–74.

[8] Fleischman A, Kron M, Systrom DM, Hrovat M, Grinspoon SK.
Mitochondrial function and insulin resistance in overweight and
normal-weight children. J Clin Endocrinol Metab 2009;94:4923–30.

[9] Conley KE, Jubrias SA, Esselman PC. Oxidative capacity and ageing
in human muscle. J Physiol 2000;526:203–10.

[10] Kemp GJ, Taylor DJ, Radda GK. Control of phosphocreatine
resynthesis during recovery from exercise in human skeletal muscle.
NMR Biomed 1993;6:66–72.

mailto:Sebastien.RATEL@univ-bpclermont.fr
RATEL
Note
13385



AUTHOR QUERY FORM

Journal: MRI Please e-mail or fax your responses and any corrections to:
Nina Biuso
E-mail: nbiuso@aol.com
Tel: 845-896-0870
Fax: 845-896-0870Article Number: 7852

Dear Author,

Please check your proof carefully and mark all corrections at the appropriate place in the proof (e.g., by using on-screen
annotation in the PDF file) or compile them in a separate list. Note: if you opt to annotate the file with software other than
Adobe Reader then please also highlight the appropriate place in the PDF file. To ensure fast publication of your paper please
return your corrections within 48 hours.

For correction or revision of any artwork, please consult http://www.elsevier.com/artworkinstructions.

Any queries or remarks that have arisen during the processing of your manuscript are listed below and highlighted by flags in
the proof. Click on the ‘Q’ link to go to the location in the proof.

Location
in article

Query / Remark: click on the Q link to go
Please insert your reply or correction at the corresponding line in the proof

Q1 Please provide postal code here.

Please check this box if you have no
corrections to make to the PDF file. □

Thank you for your assistance.

Our reference: MRI 7852 P-authorquery-v11

Page 1 of 1

mailto:nbiuso@aol.com
http://www.elsevier.com/artworkinstructions
http://www.elsevier.com/artworkinstructions
RATEL
Barrer 


	Skeletal muscle mitochondrial function cannot be �properly inferred from PCr resynthesis without taking �pH changes into ac...
	References




