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Abstract Eight male subjects performed leg press exer-
cise, 4 x 10 repetitions at 80% of their maximum. Venous
blood samples were taken before, during exercise and
repeatedly during 2 h of recovery. From four subjects,
biopsies were taken from the vastus lateralis muscle prior
to, immediately after and following one and 2 h of
recovery. Samples were freeze-dried, individual muscle
fibres were dissected out and identified as type I or type II.
Resistance exercise led to pronounced reductions in the
glutamate concentration in both type I (32%) and type 1I
fibres (70%). Alanine concentration was elevated 60-75%
in both fibre types and 29% in plasma. Glutamine con-
centration remained unchanged after exercise; although 2 h
later the concentrations in both types of fibres were reduced
30-35%. Two hours after exercise, the plasma levels of
glutamate and six of the essential amino acids, including
the branched-chain amino acids were reduced 5-30%. The
data suggest that glutamate acts as an important interme-
diate in muscle energy metabolism during resistance
exercise, especially in type II fibres.
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Introduction

Resistance exercise alters the turnover of muscle protein,
with both the rates of synthesis and breakdown being
enhanced in the period of recovery following even a single
bout of resistance exercise (Biolo et al. 1995, 1997; Tipton
et al. 1999). This elevation in protein turnover is associated
with changes in the concentration of free amino acids in the
muscle cell. For example, the intracellular concentration of
leucine increases immediately after resistance exercise, but
decreases during the subsequent 2-h recovery period to a
level lower than that present prior to the exercise (Dreyer
et al. 2006). However, it is not known whether these
changes in human skeletal muscle occur in slow-twitch
type I fibres, which possess high-oxidative capacity, and/or
in fast-twitch type II fibres, where glycolysis is utilized to a
greater extent to produce energy (Essén et al. 1975; Garnett
et al. 1979).

In experimental animals, slow- and fast-twitch muscles
demonstrate differences in their amino acid contents. For
example, in the rat the levels of glutamate and glutamine are
both three to fivefold higher in the slow-twitch soleus
muscle than in the fast-twitch plantaris and gastrocnemius
muscles. Similarly, the level of taurine is 50-100% higher
in the slow-twitch soleus muscle; whereas glycine and
alanine levels are 30—40% higher in the fast-twitch muscles
(Turinsky and Long 1990). Furthermore, in the middle
gluteal muscle of horses and camels, taurine levels are two
to tenfold higher in type I than in type II fibres (Dunnett
et al. 1992, 1997). In the human vastus lateralis muscle, the
concentration of taurine is fourfold higher in type I than in
type II fibres (Harris et al. 1998), although no such differ-
ence was observed in individuals who perform endurance
training (Essén-Gustavsson and Blomstrand 2002). At the
same time, in the latter study, the levels of glutamate,
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aspartate and arginine were shown to be 10, 13 and 33%
higher, respectively, in the type II fibres.

Moreover, sustained endurance exercise leads to a pro-
nounced reduction in the concentration of glutamate along
with an elevation of tyrosine in both type I and type II
fibres, with no alterations with respect to taurine and glu-
tamine (Essén-Gustavsson and Blomstrand 2002). These
observations indicate that amino acid metabolism plays an
important role in both types of fibres during endurance
exercise, but the influence of resistance exercise on amino
acid concentrations remains to be elucidated. Therefore,
the present investigation was designed to examine the
effects of an acute session of resistance exercise on amino
acid concentrations in both plasma and in pools of type I
and type II fibres in the skeletal muscle of moderately
trained individuals. Our hypothesis was that resistance
exercise should influence both fibre types, especially the
type II fibres leading to more pronounced changes in amino
acid concentrations in type II fibres due to their larger
involvement in the exercise.

Materials and methods
Subjects

Eight healthy men with a mean (£SE) age of 25 + 1 years,
height of 178 £ 2 cm, weight of 74 + 3.5 kg, and maxi-
mal oxygen uptake of 3.78 & 0.20 L min~', were
recruited for this study. These subjects all reported that
they performed endurance or resistance exercise training
once or twice weekly. They were fully informed about the
purpose of the investigation as well as the possible risks
involved. All subjects gave their informed consent prior to
their participation in the study. This study was approved by
the Ethical Committee at the Karolinska Institutet. Seven
of these eight subjects also participated in an investigation
described previously (Karlsson et al. 2004).

Preparatory tests

Prior to the experiment, the subjects carried out two
preparatory tests. The first of these was designed to
determine their maximum one-repetition load (1 RM) and
involved leg press exercise from a knee angle of 90° to
full-extended 180°, with successive increases in the load
until the subject could not perform more than a single
repetition. The subjects were allowed to rest for an
unlimited period between successive trials in order to
avoid muscle fatigue and all reached their maximum load
after five or six trials. The second preparatory test, carried
out at least 2 weeks prior to the actual collection of data,
involved performance of the standardized exercise routine
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in order to familiarize the subjects with the intensity and
frequency of repetitions associated with the study task
itself.

Maximal oxygen uptake was determined on a mechan-
ically braked cycle ergometer (Monark 816E, Vansbro,
Sweden). The work rate was gradually increased until
exhaustion as described by Astrand and Rodahl (1986).
Oxygen uptake was measured continuously utilizing an on-
line system (Amis 2001 Automated Metabolic Cart, Inno-
vision A/S, Odense, Denmark).

Experimental protocol

The subjects were requested to refrain from vigorous
physical activity for at least 2 days prior to the start of the
experiment, and to fast overnight before reporting to the
laboratory in the morning. The subject was asked to lie
down and a catheter was then inserted into the antecubital
vein for taking blood samples. With one subject, technical
difficulties were encountered and therefore no blood sam-
ples were collected from this subject. Muscle biopsies were
obtained from the lateral portion of the right and left
quadriceps (vastus lateralis) muscle employing a Weil-
Blakesley conchotome (AB Wisex, Molndal, Sweden), as
described by Henriksson (1979).

To warm up, the subjects pedalled a cycle ergometer at
100 W for 10 min. Thereafter, they were seated in the leg
press apparatus to perform resistance exercise at a load
corresponding to 80% of their one RM. A metronome
beating 50 times per minute, together with verbal guidance,
were used to enable the subjects to perform each repetition
at a set pace, with the concentric and eccentric phase each
lasting for 2.4 s. A short pause (approximately 1.2 s long)
at both the extended (180°) and bent (90°) knee angles
enhanced the subjects’ ability to control the force and
speed of their movement. Each subject performed four sets
of ten repetitions with a 5-min rest between consecutive
sets, yielding a total protocol time of 20 min. This exper-
imental procedure has been described in more detail
previously (Karlsson et al. 2004).

Blood samples were taken at rest prior to the warm-up,
immediately before beginning the resistance exercise, fol-
lowing two sets of ten repetitions each, immediately after
termination of the exercise and following 15, 30, 60, 90
and 120 min of recovery. Muscle biopsies were taken at
rest (prior to the warm-up), immediately after termination
of the resistance exercise and following 1 and 2 h of
recovery, with the first and third biopsies being taken from
the right vastus lateralis muscle and the second and fourth
from the left vastus lateralis muscle. The second biopsy in
each leg was taken approximately 5 cm proximal to the
first one. Muscle samples from four of the eight subjects
were used for analysis of amino acid content in pools of
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type I and type II fibres. Each subject drank 150 ml of
water prior to the warm-up, immediately before beginning
the resistance exercise, after 15 min of exercise and fol-
lowing 15, 30, 60, and 90 min of recovery.

Analysis of free amino acids in venous blood

The blood samples were drawn from the venous catheter
into heparinized tubes and then centrifuged (9,000g for
2 min) and the plasma stored at —80°C. The plasma
samples were deproteinized by precipitation with 5% tri-
chloric acid (1:5), centrifuged at 9,000g for 2 min and the
supernatant stored at —80°C. The concentration of amino
acids in the supernatant was measured by reversed-phase
high performance liquid chromatography (HPLC) accord-
ing to Pfeifer et al. (1983), with orthophthaldehyde (OPA)
as the derivatizing agent.

Preparation of single muscle fibres and measurement
of their amino acid contents

The muscle biopsies were freeze-dried and fragments of
single muscle fibres were dissected out under a dissection
microscope (with a magnification of 40-80x) and a seg-
ment of each fragment stained histochemically for
myofibrillar ATPase after preincubation for 15 min at pH
10.35 at 37°C. On the basis of this staining, fibres were
classified and pooled into groups of type I and type II
fibres (Essén et al. 1975). The pools of fibres were then
weighed on an automatic electrobalance (Cahn 25, Ven-
tron Corp., Paramount, Calif., USA); the average weight
(range) of the fibre pools was 102.3 (40.3-214.7) pg.
These pools of the two types of fibres were then extracted
with ice-cooled 0.4 M perchloric acid (PCA; approx.
1:100); the extract was centrifuged at 9,000g for 2 min
and the resulting supernatant stored at —80°C until being
analysed for free amino acids as described above for the
plasma samples.

Statistical analyses

Parametric statistical procedures were employed to calcu-
late the means, standard errors of the mean (SE) and linear
correlation coefficients (r). Unless indicated, the values
presented in the text are mean = SE. A one-way analysis
of variance (ANOVA) was used to evaluate changes in the
plasma concentrations of amino acids with time and a two-
factorial (time, fibre type) ANOVA to evaluate differences
over time and between the two types of fibres. When sta-
tistical significance was found, Fisher LSD was utilized
to verify where the difference occurred. Significance was
accepted at P < 0.05.

Results
The subjects’ performance

Six of the subjects managed to perform the stipulated four
sets of ten repetitions each at 80% of their one RM. One
subject carried out two repetitions less during the final set and
one performed a total of 30 repetitions during the four sets.

Plasma concentrations of free amino acids

As shown in Table 1, the plasma concentration of alanine
increased by 29% during exercise and remained elevated
during the first 30 min of recovery, but decreased there-
after. The corresponding concentrations of glutamate and
glutamine were not altered significantly during exercise,
but the level of glutamate was reduced by 30% after 2 h of
recovery. The levels of tyrosine and phenylalanine
remained unchanged during exercise, but were reduced by
10% following 2 h of recovery. The plasma concentrations
of leucine and isoleucine were attenuated by 6% during
exercise, whereas the levels of all three branched-chain
amino acids (BCAA) decreased during recovery to values
that were 10-20% lower than prior to exercise. The con-
centration of tryptophan was reduced by 10% during
exercise and remained at this lower level throughout the
2-h recovery period. Otherwise, the plasma concentrations
of the remaining amino acids did not change during or fol-
lowing resistance exercise, except in the case of methionine
and serine, the concentrations of which also decreased sig-
nificantly during recovery.

Amino acids in pools of type I and type II muscle fibres
At rest

In Tables 2 and 3 the concentrations of free amino acids in
pools of type I and type II muscle fibres at rest prior to
exercise, after resistance exercise and following one and
2 h of recovery are documented. At rest, the concentration
of taurine was 2.4-fold higher in type I than in type II
fibres, whereas that of methionine was 40% higher in type
IT fibres. No other significant differences were observed.

Following exercise

Immediately following resistance exercise, the concentra-
tion of glutamate was reduced 32 and 70% in type I- and
type Il-fibres, respectively, with this more pronounced
decrease in the type II fibres being present in all four
subjects examined. However, after only 1 h of recovery,
the levels had returned to the basal value in both types of
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Table 1 Plasma concentration of amino acids (umol L™") prior to, during and after recovery from resistance exercise

Amino acid At rest Prior to  After End of  Recovery Change  Change
exercise  second set exercise - - - - - during ex. during rec.
15 min 30 min 60 min 90 min 120 min
Glutamate 43+6 43£5 41x5 42+5 507 49+9 38£5 38£5 30£2 NS P < 0.05
Asparagine 68+4 68x4 70£3 68+3 69+£3 70+4 68 + 3 66 £ 3 68 =4 NS NS
Serine 145+5 148+5 148+5 146+8 1377 145+8 1377 1367 136+5 NS P < 0.05
Glutamine 840 £ 34 860 + 31 874 £33 868 35 859 £ 24 890 + 34 891 £29 888 £21 894 +£37 NS NS
Histidine 9 +3 1013 104+3 105+3 101£3 103 +29 102 +£28 101 £14 102 +29 NS NS
Glycine 262 £ 12 267 £ 12 268 £ 10 263 £9 254 + 11 269 £ 13 265+ 11 260 +8 261 + 14 NS NS
Threonine 186+£7 1908 1927 190+£10 187 +9 193+ 11 186+ 10 182+7 183+ 10 NS NS
Alanine 503 £ 35 526 &34 601 £33 680 £ 27 688 £ 35 683 £29 631 £31 582 +20 554+23 P<0.0l P<0.0l
Taurine 41+£6 45+6 47+£6 507 49+7 477 49 £ 7 46 £ 6 45+ 6 NS NS
Arginine 94 +t4 965 98+£3 95 +3 91+£4 98+2 95 +£2 94 £3 97 £4 NS NS
Tyrosine 88+4 884 88+3 87+4 833 84+4 79 £ 4 77 +£3 79+5 NS P <0.01
Methionine 37£1 372 3841 37£1 361 36+2 35+£2 33+£1 35£1 NS P <0.01
Valine 325+£5 324+9 3234+£10 308 +8 318+£17 299+9 284+ 11 2778 279+ 10 NS P <0.01
Tryptophan 83+4 85 +£5 81+5 76+6 T3+4 T7TL5 75 + 4 73+ 3 71+4 P<001 NS
Phenylalanine 78 £3 78 +£3 79 %2 76+£3 T74+2 T3+2 69 £2 68 +2 70£3 NS P < 0.01
Isoleucine 1002 98+£2 98+3 92+4 88 +£4 85 +3 78 £3 75 +£2 803 P<005 P<001
Leucine 186 +4 185 £S5 183 +£6 174£5 1709 162+£5 1505 1474 1505 P<0.05 P<0.01
Lysine 214 +£10 221 £12 226 +£9 222+8 217+13 217+8 2168 218+9 218+9 NS NS
BCAA 612 £ 10 611 £13 607 £ 17 578 £ 19 582 +£30 553 £ 17 518 £ 18 504 £ 12 515+ 16 NS P <0.01
Values are mean =+ SE of the mean for seven subjects
NS not statistically significant
P < 0.05 and P < 0.01 indicate changes during exercise and recovery
fibres (Fig. 1a). The reduction in glutamate concentration  Discussion

during exercise was positively correlated to the corre-
sponding level prior to exercise in both type I (r = 0.94)
and type II (r = 0.98) fibres. The alanine concentration
was elevated 60-75% in both type I and type II fibres
following exercise, resuming pre-exercise levels after 2 h
of recovery (Fig. 1b). The levels of glutamine and taurine
were unaltered immediately after exercise, but 2 h later the
glutamine level was attenuated 30-35% in both types of
fibres (Fig. 1c).

The concentration of tyrosine in type I fibres was ele-
vated in all four subjects (27%) after resistance exercise, as
was the concentration of phenylalanine in both type I and
type II fibres (30 and 18%, respectively) (Tables 2, 3).
However, according to the ANOVA, no significant effect
over time for tyrosine and phenylalanine was achieved,
although there was a tendency for interaction between time
and fibre type (P = 0.065 and P = 0.078 for tyrosine and
phenylalanine, respectively). The concentration of BCAA
in the type I fibres remained unaltered during and after
exercise, but was elevated 37% in the type II fibres imme-
diately after exercise (Fig. 1d). No significant changes in
the concentrations of any of the remaining amino acids were
detected during the experimental period (Tables 2, 3).
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The major findings reported here are that (1) a single ses-
sion of leg press exercise results in alterations in the
concentration of free amino acids in both type I and type II
fibres, (2) resistance exercise was found to cause only
minor changes in plasma levels of free amino acids, with
the exception of a 30% enhancement in the level of alanine
and (3) during the recovery period there was a decrease in
the plasma levels of glutamate and some of the essential
amino acids, including the BCAA.

The pronounced changes in the concentration of gluta-
mate detected here in both type I and type II fibres
following exercise indicate that both fibre types were
involved in the resistance exercise. Furthermore, the fact
that the reduction in glutamate level was twice as great in
type II than in type I fibres suggests that the former make a
larger contribution to the development of force, i.e. that all
or, at least relatively many of the type II fibres were
recruited in order to produce the force required. The
decrease in glutamate level may be due to an increased rate
of the reaction between glutamate and pyruvate giving rise
to oxoglutarate and alanine. Furthermore, glutamate is also
an important ammonia acceptor during exercise producing
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Table 2 Concentrations of free

amino acids in pools of type T Amino acid Concentration (pumol kg_l dry weight)

fibres from human biopsy Before exercise After exercise 1 h after exercise 2 h after exercise

samples taken before, after and

during recovery from resistance Aspartate 1,250 £ 354 900 + 142 1,170 £ 340 956 £ 55

exercise Glutamate 6,130 £+ 1,140 4,160 + 585" 5,560 £ 591 6,660 + 1,030"
Serine 1,470 £+ 301 1,930 £ 209 2,800 £+ 1,200 1,820 £+ 85
Glutamine 33,800 £ 4,320 37,200 £+ 4,630 37,300 £ 5,600 22,300 + 6,210%
Histidine 752 + 199 1,070 + 134 828 £+ 12 901 + 75
Glycine 2,740 £ 880 3,730 £ 563 4,350 £ 6 3,840 + 254
Threonine 1,400 + 287 2,290 + 153 2,300 + 245 1,910 £ 247
Alanine 7,320 £ 1,000 12,800 & 771* 9,590 £ 559* 5,580 £ 915
Taurine 46,300 + 1,390" 48,800 + 12,100% 55,800 + 8,100* 35,100 + 9,300%
Arginine 475 + 17 816 £+ 87 595 + 41 619 £+ 80
Tyrosine 244 £+ 49 311 + 44 309 £ 42 290 + 39
Methionine 116 + 20* 148 + 8* 108 + 12* 128 + 13*
Valine 900 + 137 984 =+ 36" 871 £+ 143 1,030 £ 58
Phenylalanine 189 £ 32 246 + 24 238 4+ 33 230 £+ 14

Values are mean &+ SE of Isoleucine 364 £ 79 332 £ 19 302 +£ 78 372 £+ 30

means for four subjects Leucine 617 + 103 616 + 26" 526 £ 110 669 £ 42

“ P < 0.05 versus rest, Lysine 632 £ 100 909 + 267* 682 + 179" 775 + 266"

* P < 0.05 for type I versus BCAA 1,880 + 315 1,930 + 78* 1,700 + 330 2,070 + 123

type II

:::1?;2 :;cifl::rilrcle;(t)r()aitslosfstigefrlef Amino acid Concentration (umol kg™' dry weight)

fibres from human biopsy Before exercise After exercise 1 h after exercise 2 h after exercise

samples taken before, after and

during recovery from resistance Aspartate 1,000 £+ 153 912 £+ 192 845 £ 45 894 £ 64

exercise Glutamate 5,520 + 506 1,670 £+ 181°* 4,840 + 1,490 5,080 + 631*
Serine 1,870 £+ 262 2,190 £ 375 1,810 £ 204 1,630 £ 51
Glutamine 37,200 + 8,540 38,200 + 7,150 37,000 £ 4,120 26,300 &+ 7,010%
Histidine 1,020 £+ 214 1,200 £ 217 1,060 £+ 135 1,040 £ 116
Glycine 4,400 &+ 1,160 4,970 + 1,110 6,000 £+ 1,130 4,720 + 440
Threonine 2,050 £ 299 2,280 + 135 2,190 £+ 75 2,220 £ 156
Alanine 6,100 £+ 1,300 9,780 £+ 1,500* 8,280 £ 586 5,640 £ 665
Taurine 19,300 =+ 3,830" 20,100 + 4,060" 21,800 + 6,410" 13,100 £ 1,460"
Arginine 787 + 98 959 + 123 851 £ 160 926 + 173
Tyrosine 315 +£ 63 341 £+ 58 291 + 60 248 + 29
Methionine 163 + 20" 180 + 13* 169 + 18* 160 + 10*
Valine 1,040 £ 66 1,400 £ 174" 1,200 £ 52 1,000 £+ 75

Values are mean 4 SE of Phenylalanine 233 + 34 275 + 33 236 + 33 206 + 15

means for four subjects Isoleucine 379 + 37 555 + 105 401 + 44 316 + 31°

* P < 0.05 versus rest, Leucine 711 + 68 964 + 142* 751 £ 54 659 + 39°

¥ P < 0.05 versus after exercise, ~ Lysine 868 + 195 1,120 + 430" 965 + 93* 1,040 + 185*

* P < 0.05 for type II versus BCAA 2,130 + 168 2,920 + 421°# 2,350 + 149 2,060 + 126°

type 1

glutamine, which may contribute to the reduction in glu-
tamate content. A third possible mechanism behind the
decrease in glutamate is that glutamate is transaminated
with oxaloacetate to form aspartate, a substrate for the
purine nucleotide cycle (Graham et al. 1995). The observed
elevation of alanine in both fibre types after exercise

support the involvement of the first reaction, whereas no
increases were seen in glutamine and aspartate in any fibre
type suggesting that the latter two reactions are less
important during the type of resistance exercise employed.

A decrease in glutamate concentration also occurred
during endurance exercise, but in this case it was similar
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Fig. 1 Concentrations of (a) (b)
a glutamate, b alanine, ° 8 - 16 -
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in both types of fibres, which may reflect the fact that
power output during cycling is less than that associated
with resistance exercise (Essén-Gustavsson and Blom-
strand 2002). It is noteworthy that the reported levels of
glutamate in both type I and type II fibres of trained
cyclists are 40% higher than in our present subjects
(compare Tables 2, 3 with Essén-Gustavsson and Blom-
strand 2002). A similar difference has been observed in
the muscle glutamate content of endurance-trained indi-
viduals and sedentary controls (Henriksson 1991; Graham
et al. 1995). In agreement with the findings on endurance
exercise, we observed a correlation between the initial
concentration of glutamate in type I and type II fibres and
the extent of reduction in this concentration during
resistance exercise. This observation constitutes additional
support for an involvement of glutamate in energy
metabolism in muscle cells during both endurance and
resistance exercise.

The tendency for a larger increase in tyrosine and
phenylalanine in the type I fibres during exercise (Tables 2,
3) suggests an enhanced rate of protein degradation in these
fibres, even though the plasma levels of these amino acids
did not increase. Indeed, if anything, the plasma levels of
tyrosine and phenylalanine were lowered during the
recovery period. Together, these observations indicate that
the aromatic amino acids produced by enhanced protein
degradation are not released from the muscle cells, but kept
available for protein synthesis. The concentration of BCAA
was elevated only in the type II fibres following exercise,
which may suggest an uptake of these amino acids, par-
ticularly in these fibres. Indeed, the leucine concentration
in whole muscle has been reported to be enhanced as a
result of resistance exercise (Dreyer et al. 2006).
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The conclusion that both types of fibres are recruited
during resistance exercise gains further support from the
observation that the concentration of alanine in both type I
and type II fibres was shown here to increase following
such exercise. This indicates that the rate of glycolysis, the
consequent production of pyruvate and its subsequent
conversion to alanine were all enhanced. As a result of this
elevated production of alanine in muscle, the plasma level
of this amino acid also increased markedly in association
with the exercise and remained high during at least 1 h of
recovery. In fact, plasma levels of lactate have been
reported to be elevated following this same type of resis-
tance exercise, providing a further indication that
glycolysis is stimulated and makes a significant contribu-
tion to the metabolic generation of energy (Mascher et al.
2008).

The subjects in the present study performed dynamic
exercise to warm-up prior to the resistance exercise. It
cannot be ruled out that the warm up exercise has influ-
enced the amino acid level in the muscle. However, at this
short-term and relatively light dynamic exercise, it is
unlikely that amino acid metabolism is affected to any
major extent. This is supported by the fact that no changes
in plasma amino acid concentrations were detected before
and after the warm-up exercise (Table 1).

Taurine and glutamine, the two amino acids present at
highest concentrations in skeletal muscle, have been pro-
posed to play a role in the regulation of muscle volume
(Parry-Billings et al. 1991; Huxtable 1992; Cuisinier et al.
2002). In addition, the pool of free glutamine in muscle
may serve as an important source of this substrate for the
immune system (Newsholme and Parry-Billings 1990).
Thus, the reduction in glutamine concentration in both
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type I and type II fibres observed here following 2 h of
recovery from exercise may possibly reflect release of this
amino acid from muscle cells as a means of avoiding
impairment of immunological functions (Parry-Billings
et al. 1990; Castell 2003).

Minor changes in plasma amino acids were found during
resistance exercise, only the level of alanine increased
significantly. In contrast, during the 2-h recovery period
after exercise a reduction in the level of several of the
essential amino acids, including the BCAA occurred. A
decrease in BCAA 1 h after resistance exercise has been
reported previously (Mero et al. 2008), but in addition, the
present data also show a reduction in other essential amino
acids. Such a reduction in the level of essential amino acids
may diminish the anabolic effect of resistance exercise as
an elevated supply of essential amino acids further stimu-
lates the rate of protein synthesis and leads to a positive
protein balance, i.e. the rate of muscle protein synthesis is
larger than the rate of degradation (Biolo et al. 1997,
Tipton et al. 1999). In the subgroup of subjects from whom
the single fibres were analysed, the same pattern was seen
in plasma amino acid changes as for the whole group of
subjects.

Our observation that taurine was present at a markedly
higher level in type I than in type II muscle fibres is in
agreement with two previous studies involving relatively
untrained subjects (Harris et al. 1998; Tallon et al. 2007),
but in contrast to our own previous finding that in endur-
ance-trained subjects the level of this amino acid is the
same in both types of fibres (Essén-Gustavsson and
Blomstrand 2002). It is worth emphasizing that the level of
taurine in type I fibres was similar in the untrained and
endurance-trained subjects, whereas the corresponding
level in type II fibres was higher in the endurance trained
subjects, perhaps as a consequence of years of regular
endurance exercise. Moreover, higher concentrations of
taurine have also been observed in whole muscle of
endurance-trained individuals in comparison to sedentary
controls (Henriksson 1991; Graham et al. 1995). Also of
interest in this context are the reports that elevated levels of
taurine improve physical endurance, whereas reduced
levels are associated with lower force output in experi-
mental animals (Yatabe et al. 2003; Hamilton et al. 2006).
Furthermore, taurine intake seems to have an impact on
muscle amino acid metabolism during 2 h of submaximal
exercise in human subjects, even though carbohydrate and
fat oxidation was not altered (Galloway et al. 2008).

In summary, a single session of leg press exercise was
found to cause alterations in the concentrations of certain
free amino acids in both type I and type II muscle fibres
and in plasma. The most pronounced change involved
glutamate, the concentration of which decreased in both
types of fibres but to a much greater extent in type II fibres.

At the same time, the level of alanine was elevated in both
types of fibres with the level of BCAA being elevated in
type II fibres only following exercise. The levels of taurine
and glutamine remained unchanged, but after 2 h of
recovery from exercise the glutamine level in both fibre
types was reduced. Resistance exercise caused only minor
changes in plasma levels of amino acids, except for alanine
that increased, whereas during the 2-h recovery period the
level of several essential amino acids decreased.
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