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An acute decrease in TCA cycle intermediates
does not affect aerobic energy delivery in contracting
rat skeletal muscle
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We tested the hypothesis that an acute decrease in muscle TCA cycle intermediates during
contraction would compromise aerobic energy delivery. Male Wistar rats were anaesthetized
and the gastrocnemius–plantaris–soleus (GPS) muscle complex from one leg was isolated
and perfused with a red cell medium containing either saline (Con) or cycloserine (Cyclo;
0.05 mg g−1), an inhibitor of alanine aminotransferase (AAT). After 1 h of perfusion, the GPS
muscle was either snap frozen (Con-Rest, n = 11; Cyclo-Rest, n = 9) or stimulated to contract for
10 min (1 Hz, 0.3 ms, 2 V) with blood flow fixed at 30 ml min−1 (100 g)−1 and then snap frozen
(Con-Stim, n = 10; Cyclo-Stim, n = 10). Maximal AAT activity was > 80% lower (P < 0.001)
in both Cyclo-treated groups (Rest: 0.61 ± 0.02; Stim: 0.63 ± 0.01 mmol (kg wet wt)−1 min−1;
mean ± S.E.M.) compared to Con (Rest: 3.56 ± 0.16; Stim: 3.92 ± 0.29). The sum of five measured
TCAI (ΣTCAI) was reduced by 23% in Cyclo-Rest versus Con-Rest but this was not different
(P = 0.08). However, after 10 min of contraction, the ΣTCAI was 25% lower (P = 0.006)
in Cyclo-Stim compared to Con-Stim (1.88 ± 0.15 versus 2.48 ± 0.11 mmol (kg dry wt)−1).
Despite the acute decrease in TCAI after Cyclo treatment, the contraction-induced changes in
markers of non-oxidative energy provision (phosphocreatine, ATP and lactate) and the decline
in tension after 10 min of stimulation were similar compared to Con. These data do not support
the hypothesis that the total muscle concentration of TCAI is causally linked to the rate of
mitochondrial respiration during contraction.
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The regulation of tricarboxylic acid (TCA) cycle flux
in various tissues is extremely complex but one of
the regulatory factors involved may be changes in
the concentrations of TCA cycle intermediates (TCAI)
(Williamson & Cooper, 1980). For example, in myo-
cardium, depletion of TCAI results in a rapid decline
in contractile function, which is reversed by addition of
anaplerotic substrates that promote flux into the TCAI
pool (Taegtmeyer et al. 1980; Russel & Taegtmeyer, 1991).
In skeletal muscle, the total concentration of TCAI has been
shown to increase above resting levels during electrically
evoked contractions in rats (Aragon & Lowenstein, 1980)
and strenuous exercise in humans (Sahlin et al. 1990;
Gibala et al. 1997b); however, the physiological significance
of this phenomenon is controversial. Some investigators
have proposed that the increase in muscle TCAI is crucial
in order to achieve high rates of mitochondrial respiration
during exercise (Wagenmakers et al. 1990; Sahlin et al.

1990). Alternatively, we have suggested fluctuations in
the size of the muscle TCAI pool during exercise are not
causally related to TCA cycle flux or the capacity for aerobic
energy provision (Gibala et al. 1998; Constantin-Teodosiu
et al. 1999).

In an effort to discern the physiological significance of
the contraction-induced increase in muscle TCAI, several
studies have attempted to manipulate the TCAI pool
during exercise and determine the effect that this has on
aerobic energy metabolism and exercise performance. Two
studies that augmented the rate of TCAI expansion during
exercise using glutamine ingestion (Bruce et al. 2001) or
altering muscle glycogen availability (Gibala et al. 2002)
reported no effect on aerobic energy provision, as judged
by changes in phosphocreatine degradation and lactate
accumulation during exercise. Recently, we employed
exercise training as a model in order to attenuate the rate
of muscle TCAI expansion for the first time in humans
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(Dawson et al. 2003; Howarth et al. 2004). The results
from these studies showed that, despite a∼40% decrease in
TCAI expansion during exercise, there was no impairment
of aerobic energy provision or performance (Dawson et al.
2003; Howarth et al. 2004). However, a limitation inherent
to training studies is that a wide array of variables may
be altered, including possibly the impact of [TCAI] on
metabolic control. A far more compelling strategy would
be to acutely reduce the total muscle concentration of TCAI
during contraction and determine the effect on muscle
metabolism and function.

The purpose of the present study therefore was to
determine whether an acute decrease in the muscle
TCAI pool would compromise aerobic energy delivery
and/or contractile function. We employed an isolated rat
hindlimb model and treated animals with either cyclo-
serine (4-amino-3-isoxazolidinone) or saline (control)
prior to a 10 min stimulation protocol. Cycloserine is a
structural analogue of alanine and potent inhibitor of
alanine aminotransferase (Edmondson et al. 1977), which
is believed to be the key enzyme responsible for the rapid
increase in muscle TCAI upon contraction (Sahlin et al.
1990; Gibala et al. 1997a).

Methods

Animals

Forty healthy male Wistar rats (Charles River, Margate,
UK), housed in holding rooms at the University of
Nottingham’s Biomedical Services Unit, were exposed
to ambient temperature and 12 h light–dark cycles.
The animals had a mean body of mass 400 g and
gastrocnemius–plantaris–soleus (GPS) muscle complex
mass of ∼2.5 g. There were four experimental conditions
as described further below: control–rest (Con-Rest;
n = 11), control–stimulation (Con-Stim; n = 10),
cycloserine–rest (Cyclo-Rest, n = 9), and cycloserine–
stimulation (Cyclo-Stim, n = 10).

Experimental protocol

Animals were terminally anaesthetized (Inactin,
120 mg (kg body mass )−1, i.p.), and placed on a heated
(37◦C) surgical table in preparation for surgery. The
musculature of the left hindlimb was exposed by removal
of the skin from this region. The branches of the femoral
artery and vein were ligated using silk ligatures or thermo-
cautery up to the point where these vessels entered the
gastrocnemius–plantaris–soleus (GPS) muscle complex.
This ensured that blood flow to and from this muscle
group was solely via the intact femoral artery and vein.
The biceps femoris was then removed, and a length
of thread was tied around the Achilles tendon and cut
distal to the ligature. This resulted in the GPS muscle

group remaining fixed to the limb on the dorsal side
of the knee joint. The femoral artery and vein were
then cannulated and heparinized saline (10 U ml−1)
was slowly flushed through the vasculature of the GPS
muscle group. An arterial cannula was then attached to
a primed perfusion system which was contained in an
enclosed chamber which maintained a temperature of
37◦C, and the muscle group was perfused with previously
prepared perfusion medium (see below for details). The
animal was then killed humanely (according to UK Home
Office guidelines) with an overdose of barbiturate by
intracardiac injection and placed ventral surface down
to enable the tibia to be secured using a clamp fixed to
a stereological frame, after which the thread from the
Achilles tendon was attached to an isometric force
transducer (Grass/Astro-Med, Inc., West Warwick, RI,
USA). Clamping the tibia facilitated the measurement
of muscle force production during contraction by
minimizing inertia generated by movement of the
animal. Muscle contraction was achieved via direct
electrical stimulation of the sciatic nerve using a hook
electrode (Harvard Apparatus, Holliston, MA, USA) and
isometric tension was recorded throughout (MacLab
400, ADInstruments, Australia). Muscle blood flow was
increased 2-fold from the resting rate at the start of the
10 min of isometric contraction in order to simulate
the contraction-induced hyperaemic response. This
contracting flow rate remained constant throughout the
remainder of the experiment.

The perfusion medium contained isolated porcine
red blood cells suspended in a modified Krebs buffer
(pH 7.4, Hct 47%, 6 mm glucose). dl-Cycloserine (Sigma
C-7005), dissolved in saline, was added to the perfusion
medium so that a total dose of 0.05 mg (g body wt)−1

was delivered to each animal in the cycloserine-treated
groups (Blackshear et al. 1975), whereas control animals
received perfusion medium containing an iso-volume
of saline. Muscles were perfused with their respective
treatment at a resting flow rate (15 ml min−1 (100 g of
wet muscle)−1) for 60 min prior to undergoing, in a
randomized order, one of the following: (i) excision of
the GPS muscle group, which was then immediately
snap frozen in liquid nitrogen (Con-Rest, Cyclo-Rest), or
(ii) 10 min of isometric contraction (1 Hz, 0.3 ms, 2 V),
followed by immediate excision of the GPS, which was then
snap frozen in liquid nitrogen (Con-Stim; Cyclo-Stim).

Muscle analyses

All muscle samples were initially stored in liquid
nitrogen and subsequently divided into two pieces.
One piece was kept in liquid nitrogen for subsequent
analysis of muscle enzymes, while the other piece was
freeze-dried, powdered and dissected free of blood
and connective tissue. Freeze-dried samples were stored
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Table 1. Muscle metabolites and citrate synthase activity

Control Cycloserine

Metabolite Rest Stimulation Rest Stimulation

Glycogen 152 ± 9 114 ± 5† 152 ± 6 118 ± 5†
Pyruvate 0.36 ± 0.06 0.72 ± 0.03† 0.26 ± 0.03 0.60 ± 0.04†
Lactate 12.7 ± 2.0 34.6 ± 2.9† 14.8 ± 2.5 35.0 ± 1.2†
ATP 25.6 ± 0.5 22.9 ± 0.6† 25.4 ± 0.4 22.9 ± 0.4†
Creatine 51.9 ± 4.3 88.6 ± 5.6† 54.9 ± 4.4 87.4 ± 2.8†
Malate 0.67 ± 0.08 1.21 ± 0.07† 0.43 ± 0.03 0.68 ± 0.04∗†
Fumarate 0.10 ± 0.02 0.20 ± 0.02† 0.06 ± 0.01 0.13 ± 0.01∗†
2-oxoglutarate 0.09 ± 0.00 0.08 ± 0.00 0.08 ± 0.01 0.09 ± 0.00
Citrate 1.07 ± 0.12 0.89 ± 0.09 0.99 ± 0.11 0.96 ± 0.12
Isocitrate 0.17 ± 0.01 0.18 ± 0.01 0.06 ± 0.01∗ 0.04 ± 0.01∗†
Citrate synthase 27.5 ± 1.0 23.3 ± 1.0 24.7 ± 1.1 24.8 ± 0.6

Values are means ± S.E.M. in mmol (kg dry wt)−1, except for citate synthase activity which is
in mmol (kg wet wt)−1 min−1. ∗P < 0.05 versus saline-treated control at same time point.
†P < 0.05 versus Rest within same condition.

at −86◦C until analyses. One portion of freeze-dried
muscle was extracted on ice using 0.5 m perchloric
acid (containing 1 mm EDTA), neutralized with 2.2 m
KHCO3, and the resulting supernatant was used for
the determination of all metabolites except glycogen.
ATP, phosphocreatine, creatine, lactate, malate, fumarate,
citrate, isocitrate, 2-oxoglutarate, alanine and glutamate
were measured using enzymatic assays adapted for fluoro-
metry (Hitachi F-2500 fluorescence spectrophotometer,
Hitachi High-Technologies Corp., Japan) (Harris et al.
1974; Passoneau & Lowry, 1993). For glycogen analysis,
a ∼2 mg aliquot of freeze-dried muscle was incubated
in 2.0 n HCl and heated for 2 h at 100◦C to hydrolyse
the glycogen to glucosyl units. The solution was
subsequently neutralized with an equal volume of 2.0 n
NaOH and analysed for glucose using an enzymatic assay
adapted for fluorometry (Passoneau & Lowry, 1993). For
enzyme analyses, frozen wet muscle samples were initially
homogenized using methods described by Henriksson
et al. (1986) to a 50 times dilution. The maximal activity of
citrate synthase was determined on a spectrophotometer
(Ultrospec 3000 pro UV/Vis) using a method described
by Carter et al. (2001) and the maximal activity of
alanine aminotransferase was determined on a fluoro-
meter (Hitachi F-2500) using a method described by
Passoneau & Lowry (1993).

Statistical analyses

All muscle metabolites were analysed using a one-way
analysis of variance owing to the four independent groups
of rats. Significant effects were subsequently analysed
using a Tukey’s honestly significant difference post hoc
test. Significance for all analysis was set at P < 0.05. All
values are presented as means ± standard error of the mean
(s.e.m.).

Results

Muscle enzymes

The maximal activity of alanine aminotransferase
measured in the Cyclo-treated animals at rest and after
stimulation was ∼80% lower (P < 0.001) compared to the
respective control groups (Fig. 1). The maximal activity of
citrate synthase was similar between all groups (Table 1).

Muscle TCAI

The total muscle concentration of the five measured TCAI
(�TCAI) was 23% lower at rest in the Cyclo-treated
group compared to Con, but this was not different
(P = 0.08). However, after 10 min of contraction, the
�TCAI was 25% lower (P = 0.006) in Cyclo-Stim
compared to Con-Stim (Fig. 2). Notably, the �TCAI
during contraction in the Cyclo-treated animals was not
different compared to control group value at rest. The

Figure 1. Maximal activity of alanine aminotransferase
measured at rest (open bars) and after stimulation (filled bars)
following pretreatment with saline (control) or cycloserine
(Cyclo)
Values are means ± S.E.M. ∗P < 0.05 versus saline-treated control at
same time point.
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Figure 2. Sum concentration of 5 muscle TCAI measured at rest
(open bars) and after stimulation (filled bars) following
pretreatment with saline (control) or cycloserine (Cyclo)
Values are means ± S.E.M. ∗P < 0.05 versus saline-treated control at
same time point. †P < 0.05 versus Rest within same condition.

difference in �TCAI between groups after contraction was
mainly due to a reduced concentration of malate (Table 1).
The concentration of fumarate during contraction was
also lower in the Cyclo-treated animals compared to
controls, but the concentrations of citrate, isocitrate
and 2-oxoglutarate were not different between groups
(Table 1).

Muscle amino acid

There were no significant differences between treatments
in the resting muscle concentrations of alanine or
glutamate. However, following contraction muscle
[alanine] was lower (P = 0.03) in Con-Stim versus Cyclo-
Stim (Fig. 3), whereas muscle [glutamate] was higher
(P = 0.002) in the Cyclo-treated group compared to Con
(Fig. 4).

Other metabolites

Muscle glycogen concentration was ∼25% lower
(P < 0.001) after stimulation compared to rest in
both the Cyclo-treated and control groups, but there
were no differences between treatments (Table 1).

Figure 3. Concentration of muscle alanine measured at rest
(open bars) and after stimulation (filled bars) following
pretreatment with saline (control) or cycloserine (Cyclo)
Values are means ± S.E.M. ∗P < 0.05 versus saline-treated control at
same time point. †P < 0.05 versus Rest within same condition.

Figure 4. Concentration of muscle glutamate measured at rest
(open bars) and after stimulation (filled bars) following
pretreatment with saline (control) or cycloserine (Cyclo)
Values are means ± S.E.M. ∗P < 0.05 versus saline-treated control at
same time point. †P < 0.05 versus Rest within same condition.

Similarly, there were contraction-induced changes in the
concentrations of muscle lactate, phosphocreatine and
ATP but no differences between treatments. Muscle lactate
concentration was higher (P < 0.001) after stimulation
compared to rest in both conditions (Table 1), whereas
the concentrations of muscle phosphocreatine (Fig. 5) and
ATP (Table 1) were reduced (both P < 0.001).

Contractile function

Absolute peak tension prior to stimulation was not
different between groups (11.9 ± 0.9 and 11.2 ± 0.8 kg
(100 g wet wt)−1 for Con and Cyclo, respectively, P = 0.40).
Peak tension declined during stimulation in both groups
(main effect for time, P = 0.001), but there were no
differences between conditions (Fig. 6). At the end of the
10-min stimulation protocol, force production decreased
to 37 ± 4 and 42 ± 4% of the peak value at baseline in the
Con and Cyclo-treated groups, respectively.

Discussion

The major novel finding from the present study was
that an acute reduction in the TCAI pool did not

Figure 5. Concentration of muscle phosphocreatine measured
at rest (open bars) and after stimulation (filled bars) following
pretreatment with saline (control) or cycloserine (Cyclo)
Values are means ± S.E.M. †P < 0.05 versus Rest within same
condition.
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affect aerobic energy delivery or the decline in tension
development after 10 min of electrically evoked contra-
ctions in rat muscle. We used cycloserine to inhibit
alanine aminotransferase (AAT) since this enzyme is
believed to be the primary mechanism responsible for
the rapid increase in muscle TCAI during contraction
(Gibala et al. 1997a; Sahlin et al. 1990). The effectiveness
of our experimental intervention was evidenced by the
fact that – as compared to saline-treated controls –
the cycloserine-treated muscles showed (i) an ∼80%
reduction in the maximal activity of AAT; (ii) a 25%
reduction in the total concentration of five measured
TCAI; and (iii) a lower alanine concentration and higher
glutamate concentration following contraction. Despite
the reduced AAT activity and blunted TCAI response in
the cycloserine-treated group, the contraction-induced
changes in muscle phosphocreatine, ATP and lactate
were similar compared to controls. Resting absolute
peak tension and the decline in force-generating capacity
after 10 min of contraction were also similar between
conditions. The present data therefore do not support
the hypothesis proposed by others (Sahlin et al.
1990; Wagenmakers et al. 1990) that the total muscle
concentration of TCAI is causally linked to the rate of
mitochondrial respiration during contraction.

Significance of muscle TCAI expansion
during contraction

Wagenmakers (1998) suggested that the size of the TCAI
pool plays a central role in muscle energy metabolism
and proposed that ‘the alanine aminotransferase reaction
functions to establish and maintain high concentrations of
TCA-cycle intermediates and a high TCA cycle flux in the
first minutes of exercise.’ This theory remains prominent in
the literature and a common interpretation is that a given
concentration of TCAI is required in order to sustain a
given rate of oxidative phosphorylation during exercise.
For example, recent studies conducted on healthy athletes
(Ivy et al. 2003) and patients with McArdle’s disease
(Vissing & Haller, 2003) suggested that improvements in
exercise capacity after nutrient ingestion were attributable
to an increase in muscle TCAI pool size that permitted a
higher rate of oxidative metabolism. However, the present
study demonstrates a clear dissociation between muscle
[TCAI], energy metabolism and contractile function,
since markers of non-oxidative metabolism and tension
development were similar between treatments despite a
24% decrease in TCAI in the cycloserine-treated muscles.
This is the first study to acutely reduce the size of
the muscle TCAI pool during contraction; however, our
data are consistent with two recent studies that used
exercise training as an intervention to attenuate muscle
TCAI expansion during exercise (Dawson et al. 2003;
Howarth et al. 2004). In those two studies (Dawson

et al. 2003; Howarth et al. 2004), the size of the muscle
TCAI pool was reduced by ∼40% during exercise after
training; however, a limitation of the work was that we
could not rule out potential training-induced changes in
the sensitivity of mitochondrial respiration to [TCAI].
The present data are more definitive with respect to
the lack of effect of TCAI on mitochondrial respiration,
since muscle oxidative potential – as reflected by the
maximal activity of citrate synthase – was similar between
groups.

Our statistical analyses revealed that there were no
significant differences between treatments in either
absolute or relative tension at rest or the decline in tension
during stimulation. Although absolute peak tension was
slightly lower at baseline and over the first few minutes of
contraction in the cycloserine-treated animals (Fig. 6), if
this was a ‘real’ effect of the drug then it should have also
been detected in our chemical analyses performed after
10 min of stimulation. That is, if cycloserine compromised
aerobic energy delivery during the early phase of
contraction, then phosphocreatine degradation should
have been greater at the end of the stimulation protocol.
There are numerous examples in the literature showing
that ‘early’ perturbations to mitochondrial respiration
can be detected in chemical analyses performed at a
‘later’ time point during contraction. For example, in a
recent study (Gibala et al. 2002), we showed that low
muscle glycogen availability compromised aerobic energy
delivery during the rest–work transition, as evidenced
by greater phosphocreatine degradation after 1 min of
contraction (difference of ∼10 mmol (kg dry wt)−1.
compared to the high glycogen control trial). After an
additional 9 min of contraction, the ‘early’ effect of
reduced glycogen availability on mitochondrial respiration
was still evident, since biopsies obtained after 10 min
revealed a similar ∼10 mmol (kg dry wt)−1 difference
in phosphocreatine utilization between the low and
high glycogen conditions. Thus, based on our statistical

Figure 6. Absolute peak tension over the course of 10 min
stimulation protocol, following pretreatment with saline (open
circles) or cycloserine (filled circles)
Values are means ± S.E.M. ∗P = 0.001 versus 0 min (main effect for
time). There were no differences between treatments in absolute or
relative peak tension at any time point.
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analyses of tension development and chemical marker
of mitochondrial respiration after 10 min of contraction,
there is little evidence to suggest that cycloserine affected
muscle function in the present study.

Muscle TCAI profile during contraction

The magnitude of TCAI expansion during contraction in
the present study (∼50% increase compared to rest in the
control animals) was lower than the 2- to 4-fold increase
in [TCAI] that is typically observed during strenuous
exercise in humans (Sahlin et al. 1990; Gibala et al. 1997a,b;
Bruce et al. 2001). While it is difficult to make direct
comparisons between species and experimental models, it
could be interpreted that our ‘exercise’ protocol was rather
modest based strictly on the TCAI response. However,
the relative intensity of contraction was actually quite
high as reflected by the ∼60% decline in peak tension
over the 10 min stimulation period in both conditions.
In addition, there were significant changes in several
markers of non-oxidative energy provision including a
∼45% decrease in muscle phosphocreatine concentration.
Moreover, it appears that the peak capacity for TCAI
expansion in the rat hindlimb is lower than in the
human vastus lateralis muscle and this may be related
in part to fibre type differences (Hintz et al. 1982).
We are aware of only one other study that attempted
to measure the pool of muscle TCAI in rat skeletal
muscle during stimulation (Aragon & Lowenstein, 1980),
and the contraction-induced size of the TCAI pool in
that study compares favourably with the control group
data in the present study (∼2.4 versus 2.48 ± 0.11 mmol
(kg dry wt)−1, respectively, for the same 5 TCAI
after 10 min of stimulation). The relative intensity of
contraction in the Aragon & Lowenstein (1980) study also
appeared to be quite high, based on the 3-fold increase
in inosine monophosphate after 10 min of stimulation,
and the 50% decrease in muscle phosphocreatine
concentration is similar to that observed in the pre-
sent study. Finally, irrespective of absolute concentration
changes, the TCAI profile during stimulation in our
control animals compares favourably to previous studies
conducted on rats (Aragon & Lowenstein, 1980) and
humans (Sahlin et al. 1990; Sahlin et al. 1995; Gibala
et al. 1997a,b; Bruce et al. 2001) in that changes in the
concentration of malate accounted for the majority of the
increase in the TCAI pool.

Cycloserine as an experimental intervention

Cycloserine has been used as an experimental inter-
vention to study intermediary metabolism in numerous
tissues including skeletal muscle (Ruderman & Berger,
1974; Blackshear et al. 1975; Wu et al. 1989). The
compound exists in both natural d- and synthetic
l-isomer forms and both have been shown to inhibit

aminotransferase enzymes (Cornell et al. 1984). We
modelled our dosing strategy after a study by Blackshear
et al. (1975) who examined factors regulating the release
of alanine from extrasplanchnic tissues in vivo following
functional hepatectomy in rats. Following a single
intravenous injection of 0.05 mg g−1 of cycloserine, blood
alanine accumulation was reduced by 82% compared
to control animals, suggesting there was a marked
inhibition of alanine release from extrasplanchnic tissues
due to inhibition of AAT (Blackshear et al. 1975). More
specifically with respect to skeletal muscle, Ruderman &
Berger (1974) showed that cycloserine added to a perfusion
medium markedly attenuated alanine release from the
isolated rat hindquarter. These authors cautioned,
however, that the effect of cycloserine on alanine
production could not be solely attributed to inhibition
of AAT since cycloserine can inhibit several different
aminotransferases (Cornell et al. 1984). Thus, while we
show evidence of a marked inhibition of AAT in the present
study, we cannot rule out an effect of cycloserine on other
aminotransferases. Irrespective of the precise mechanism
for the reduction in muscle TCAI in the cycloserine-treated
animals, our data suggest that an acute reduction in the
muscle TCAI pool during contraction does not adversely
affect muscle oxidative energy metabolism or contractile
function. The present data are consistent with a number
of recent studies that have shown neither augmentation of
TCAI expansion during contraction (Bruce et al. 2001;
Gibala et al. 2002) nor inhibition of TCAI expansion
(Dawson et al. 2003; Howarth et al. 2004) is causally linked
to muscle energy metabolism.

Conclusion

In summary, the main finding of the present study was
that cycloserine administration reduced the muscle TCAI
pool in rodent skeletal muscle during contraction by
25% compared to saline-treated controls. However, the
acute decrease in [TCAI] did not compromise aerobic
energy provision during contraction, as judged by changes
in the concentrations of muscle phosphocreatine, ATP
and lactate, which were similar to the control condition.
Moreover, resting absolute peak tension and the decline
in force-generating capacity after 10 min of contraction
were also similar between conditions. These data do not
support the hypothesis that the magnitude of muscle TCAI
pool expansion is causally linked to rate of mitochondrial
respiration during contraction.
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