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In this study we have examined the relationship between the content of different
isoforms of MyHC in the vastus lateralis m. quadricipitis femoris and the VO2 /
power output relationship during incremental cycling exercise. Twenty-one male
subjects: aged 24.0 ± 2.5 years, body mass 73.0 ± 7.2 kg, height 179 ± 5 cm, BMI
22.78 ± 1.84 kg . m-2, VO2 max 3697 ± 390 ml . min-1, 50.9 ± 5.2 ml . kg-1 . min-1,
participated in this experiment. The subjects performed an incremental exercise test
until exhaustion. The exercise test started at power output of 30 W, followed by an
increase amounting to 30 W every 3 minutes. The pedalling rate was maintained at
60 rev . min-1. Gas exchange variables were measured continuously using breath-by-
breath system Oxycon Jaeger. At the end of each step blood samples were taken for
lactate concentration. Muscle biopsy samples taken from the vastus lateralis m.
quadricipitis femoris, using the Bergstrom needle, were analysed for the content of
different MyHC (I, IIa, IIx) using SDS-PAGE and Western blotting. The pre-exercise
VO2, as a mean value of six-minute measurements, expressed both in ml . min-1, and
in ml . kg-1 . min-1, was positively correlated with the content of MyHC II in the vastus
lateralis (p < 0.01). We have also found that the pre-exercise values of VO2 in the
group of subjects with a high proportion of MyHC II (59.9 ± 11.2 %) were
significantly higher (p < 0.02, when VO2 was expressed in ml . min-1, and p < 0.01
when VO2 was expressed in ml . kg-1 . min-1) than in the group with low content of
MyHC II (27.5 ± 6.0 %) in the vastus lateralis. Moreover, we have found a
significant negative correlation (r = -0.562, p < 0.01) between the slope in the
VO2/PO relationship below the lactate threshold (LT) and the content of MyHC IIa
in the vastus lateralis. The most interesting finding of our study was that the
magnitude of the non-linear increase in the VO2 / power output relationship present
above the LT was positively correlated ( r = 0.510, p < 0.02) with the content of
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MyHC II in the vastus lateralis. Our results show, that there is no simple relationship
between the content of different types of MyHC in the vastus lateralis and the oxygen
cost of work during incremental exercise test. Individuals with a high content of
MyHC II in the vastus lateralis m. quadricipitis femoris consume more oxygen in the
pre-exercise conditions than subjects with a low content of MyHC II in their muscles.
Subjects with a high content of MyHC II require a smaller increase in VO2 for
maintaining a linear increase in power output up to the lactate threshold (lower slope
in this relationship), but after exceeding the LT, they consume more oxygen above
that expected from the linear relationship below the LT, than the subjects with a low
content of MyHC II in their muscles. Therefore, non-linear increase in the VO2 /
power output relationship, present above the LT, is more pronounced in subjects with
a higher content of MyHC II in the vastus lateralis m. quadricipitis femoris.

K e y  w o r d s : muscle fibres, myosin heavy chain isoforms, oxygen uptake, muscle power
output, fatigue 

INTRODUCTION

The study of oxygen uptake in humans during various modes of exercise has a
long tradition back to the beginning of this century [see eg. (1, 2)]. Christensen (3)
was perhaps the first to describe the oxygen uptake / power output relationship as
a linear function, which is still present in all textbooks of exercise physiology (4,
5, 6). On the other hand, at the same time a non-linear increase in oxygen - uptake
power output was registered (7). In recent years we have shown that during cycling
exercise in humans above the lactate threshold the pulmonary VO2 increases more
than one would expect from the linear relationship below the lactate threshold [see
e.g. (8, 9, 10)]. A similar pattern of the oxygen uptake / power output relationship
was observed at the level of working muscles during one-leg exercise, see (11).

These findings illustrate that at high exercise intensity the oxygen cost of work
increases non-proportionally to the increase of power output. The magnitude of
this effect at the VO2, max level can be as high as 20 per cent (10, 12). The reason
for such a drop in the muscle mechanical efficiency is not completely understood.
A number of factors including activation in additional muscle groups,
intensification of the respiratory muscle activity, increase of muscle temperature,
lactate and hydrogen ion accumulation, proton leak through the inner
mitochondrial membrane, slipping of the ATP-syntase, decrease in the cytosolic
phosporylation potential and recruitment of type II muscle fibres, have been
suggested as a possible cause of the increase of VO2 / power output ratio during
high power output exercise [for details see (13, 14, 15)]. As the most possible
factor that could explain the phenomenon of the disproportionate increase in the
VO2 / power output ratio during high power output exercise the recruitment of
type II muscle fibres was postulated [see e.g. (14)]. If, indeed, this is the case one
would expect to see a higher non-linear increase in oxygen uptake above the LT
in the subjects with higher content of MyHC II isoforms in the working muscles. 
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In this study we have attempted to find what the relationship between the
content of different isoforms of MyHC in the vastus lateralis m. quadricipitis
femoris and the rate of the pulmonary oxygen uptake below and above the lactate
threshold during incremental exercise in humans, is.

METHODS

Subjects:

Twenty-one male subjects aged 24.0 ± 2.5 years, with body mass 73.0 ± 7.2 kg, height 179 ± 5
cm, BMI 22.78 ± 1.84 kg . m.-2, VO2, max 3697 ± 390 ml . min-1, 50.9 ± 5.2 ml . kg-1 . min-1 (see Table
1). Ethical approval (Cancer Institute Medical Ethics Committee) was obtained for this study.
Subjects gave informed written consent and were aware of the aims of the study.
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Table 1. Subjects characteristics

Subject Age Body mass Height BM VO2, max
(years) (kg) (cm) (kg · m-2) (ml . kg-1 . min-1)

1 24 79 184 23.33 42.3

2 22 80 182 24.15 53.7

3 22 74 180 22.84 53.2

4 22 73 176 23.57 50.1

5 22 72 183 21.50 50.0

6 21 59 171 20.18 42.8

7 24 71 180 21.94 46.8

8 25 73 172 24.68 51.8

9 22 70 180 21.60 56.3

10 26 60 174 19.82 58.8

11 24 77 179 24.03 44.7

12 26 86 186 24.86 49.4

13 28 71 176 22.92 55.4

14 21 65 173 21.72 55.8

15 24 68 177 21.71 53.6

16 22 70 183 20.90 50.0

17 23 79 176 25.50 53.1

18 21 73 188 20.65 52.2

19 29 68 176 21.95 59.4

20 22 77 180 23.77 48.4

21 29 87 180 26.85 40.6

x  SD 23.8 ± 2.5 73.0 ± 7.2 179.0 ± 4.6 22.78 ± 1.84 50.88 ± 5.23



Exercise protocol:

After a six-minute resting period (sitting on the ergometer), the subjects performed an
incremental exercise test until exhaustion using a cycloergometer - Ergoline 800s, Netherlands. All
the exercise tests were performed on the same cycloergometer. The exercise test started at a power
output of 30 W, followed by a gradual increase in power output amounting to 30 W every 3 minutes.
The pedalling rate was maintained at 60 rev . min-1. The test was stopped when the subjects could
no longer maintain the required pedalling rate.

Gas exchange variables were measured continuously breath-by-breath using the Oxycon
Champion Jaeger, Germany, starting from the 6th minute prior to the exercise until the test was
stopped. Before and after each test, gas analysers were calibrated with certificated calibration gases
as previously described by Zoladz et al. (9 ).

Heart rate in this study was determined from the ECG curve, registered continuously, using the
Hellige SMS 181 unit, Germany. 

Blood samples were taken using an Abbot Int-Catheter, Ireland (18G/1.2 x 45 mm) inserted into
the antecubital vein about 15 minutes prior to the onset of the exercise. The catheter was connected
to an extension set using a "T" Adapter SL Abbot, Ireland (the tube 10 cm in length). Immediately
before taking each blood samples, 1 ml of blood volume was taken in order to eliminate blood from
the catheter and the T-set.

Blood samples for plasma lactate were taken prior to the exercise test, at the end of each step
of the incremental exercise (the last 15 seconds before increase power output) and at the moment
of ending the exercise protocol. The samples (0.5 ml each) were placed in 1.8 ml Eppendorf tubes
containing 1 mg ammonium oxalate and 5 mg sodium fluoride and mixed for about 20 seconds and
then centrifugated. The obtained samples of blood plasma (200 µl) were stored at a temperature of
minus 25°C for further analysis of lactate concentration ([La]pl) using an automatic analyser
Ektachem XR 700, Kodak, USA.

Muscle biopsy:

Muscle biopsy samples from the vastus lateralis m. quadricipitis femoris 15 cm above the upper
margin of patella were taken under local anaesthesia (1% lidocaine ) using 5 mm Bergström needle
and frozen in liquid nitrogen. Frozen specimens were stored in a freezer (-80°C) until ready for use. 

Myosin extraction:

Muscle biopsies were mounted in Shandon cryostat with Tissue-Tek and 30 - 50 cryosections,
30 µm thick, were cut from each biopsy. Sections were transferred to Eppendorf tubes and myosin
was extracted with 200 - 300 µl of lysing buffer consisting of 62.5 mM Tris, 10% glycerol, 5% 2-
mercaproethanol, 2.3% SDS, pH 6.8 (16). Samples were briefly vortexed and boiled for 3 min in
water bath. Myosin extracts were clarified at 13000 g for 5 min and supernatants were freezed at -
20°C until further use.

SDS-PAGE and Western blotting:

SDS-polyacrylamide gel electrophoresis was carried out according to Carraro and Catani (17)
with 3% stacking gel and 6% separating gel containing 37.5% glycerol, in Mini-Protean II
electrophoresis system (Bio-Rad Laboratories, Hercules, USA). Myosin extracts were diluted 1:1
with sample buffer containing 0.1 M Tris-HCl pH 6.8, 2.5% SDS, 2.5% 2-mercaptoethanol and
boiled for 3 min. Myosin extracts, diluted 1:10 - 1:20 with lysing buffer, were loaded onto stacking
gel and run at a constant voltage of 60 V for 30 min and then at 180 V for 3 h. For immunoblotting,
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samples fractionated by electrophoresis were transferred according to the method of Towbin (18),
onto Immobilon P PVDF membrane (Millipore Corporation, Bedford, MA, USA) at constant 30 V
for 12-15 h with 0.01% SDS in the electrode buffer. Transfer of proteins was checked by staining
the membrane with Ponceau S. The membrane was incubated for 1 h in 10% non-fat dry milk in
TBS, 0.1% Tween 20 (dilution buffer) to block non-specific binding sites and then incubated for 1
h in primary monoclonal antibody NCL-MyHCf (clone WB-MHCf, Novocastra Laboratories Ltd.,
UK) diluted 1:200, or NCL-MyHCs (clone WB-MHCs, Novocastra Laboratories Ltd., UK) diluted
1:100 in dilution buffer. Primary bound antibody was visualised by treatment with secondary
antibody, goat anti-mouse alkaline phosphatase conjugated (Pierce Chemical Co., Rockford, IL,
USA) diluted 1:2500 in dilution buffer, followed by detection of alkaline phosphatase activity with
bromochloroindolyl phosphate and nitro-blue tetrazolium. Densitometric analysis of protein bands
was performed using a video camera Fotodyne Incorporated and computer software Gel Pro
Analyzer. Relative amounts of MyHC protein were expressed in optical density units (OD).

Data analysis:

Lactate threshold (LT) in this study was defined as the highest power output above which [La]pl

showed a sustained increase of more than 0.5 mmol . l-1 . step-1 (9).
The oxygen uptake during the initial part of the incremental exercise test (starting from the

power output of 30 W - up to the lactate threshold) was described as a linear function. Based on this
relation the expected VO2 (Exp. VO2) at each power output above the LT up to the maximal power
output (MPO) was calculated (see Fig.1). The difference between the observed oxygen uptake (Obs.
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Fig. 1. An example of calculation of the expected VO2 at the maximal power output (Exp. VO2 at
the MPO), as well as the peak VO2 excess and the accumulated VO2 excess during the incremental
exercise test.



VO2, max) and the Exp. VO2 at the MPO, was called the "peak VO2 excess". The sum of the differences
between Obs. VO2 and the Exp. VO2 at each power output above the LT was called the
"accumulated VO2 excess" (see Fig. 1).

Basic statistics including: mean ± S.D., linear regressions, correlation coefficient, and
comparisons of the means using Students t - test were done using standard statistical packet
Statistics 5.5 PL.

RESULTS

Muscle fibres composition:

The MyHC composition of the vastus lateralis in the studied subjects showed
a great variety. Densitometric analysis of MyHCI and MyHCII resolved in
polyacrylamide gel showed that 7 subjects expressed the highest proportion of
MyHCII (subjects no 5, 7, 12, 13, 14, 15, 18) with mean value 59.9% ± 11.2%.
The other group of 7 subjects contained the lower proportion of MyHCII
(subjects no 8, 9, 10, 17, 19, 20, 21) with mean value 27.5% ± 6.0%. An example
of MyHC pattern from both groups is shown in Fig. 2. The proportion of
MyHCIIa and MyHCIIx for each subject was evaluated by densitometric
analysis of Western blot probed with monoclonal antibody NCL-MyHCf. The
proportion of type I and type IIa as well as type IIx MyHC for each subject is
shown in Table 2.
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Fig. 2. SDS-PAGE of MyHCI and
MyHCII expressed in vastus lateralis
muscle of subject no 5 (A) and no 8 (B).

Oxygen uptake:

The pre-exercise VO2, as a mean value of six-minutes measurements,
expressed both in ml . min-1, and in ml . kg-1 . min-1, was positively correlated with
the content of MyHC II in the vastus lateralis (p< 0.01) (see Fig. 3). We also
found that pre-exercise values of VO2 in the group of subjects with a high
proportion of MyHC II (59.9 ± 11.2 %) were significantly higher (p < 0.02, when
VO2 was expressed in ml . min-1, and p < 0.01 when VO2 was expressed in ml . kg-

1 . min-1) than in the group with a low content of MyHC II ( 27.5 ± 6.0 %) in the
vastus lateralis.

A    B

MyHCII
MyHCI
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Fig. 3. Relationship between
the content of MyHC II in the
vastus lateralis m. quadrici-
pitis femoris and the pre-
exercise VO2 (ml · kg-1. min-1)
(r = 0.527, p < 0.01).

Table 2. Individual data of the content of different types of MyHC in the vastus lateralis m.
quadricipitis femoris

Subject MyHC I MyHC II (IIa + IIx) MyHC IIa MyHC IIx
(%) (%) (%) (%)

1 53.9 46.1 33.1 13.0

2 64.9 35.1 35.1 0

3 55.3 44.7 44.7 0

4 52.7 47.3 41.8 5.5

5 38.7 61.3 47.2 14.1

6 61.1 38.9 38.9 0

7 49.2 50.8 41.0 9.8

8 82.5 17.5 17.5 0

9 68.3 31.7 31.7 0

10 66.0 34.0 34.0 0

11 57.7 42.3 38.3 4.0

12 16.1 83.9 54.3 29.6

13 44.2 55.8 34.7 21.1

14 45.6 54.4 45.9 8.5

15 46.0 54.0 46.9 7.1

16 57.9 42.1 29.4 12.7

17 70.2 29.8 29.8 0

18 43.3 56.7 45.6 11.1

19 79.2 20.8 20.8 0

20 71.7 28.3 28.3 0

21 69.6 30.4 30.4 0



A clear but not statically significant tendency ( r = - 0.375, p = 0.094) towards
lower values of the slope in the VO2 /PO relationship below the LT and the percentage
of the MyHC II content in the m. vastus lateralis was observed (see Fig. 4 A). While
a significant correlation (r = - 0.562, p < 0.01) (see Fig. 4 B) was observed between
the slope in the VO2 / PO below the LT and the percentage of MyHC IIa.
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Fig. 5. Relationship between the "peak VO2 excess" and the content of MyHC II (sum of MyHC IIa
and MyHC IIx) in the vastus lateralis m. quadricipitis femoris (panel A) (r = 0.524, p < 0.02). 
The relationship between the "peak VO2 excess" and the content of MyHC IIa in the vastus lateralis
m. quadricipitis femoris (panel B) (r = 0.501, p < 0.05).

A B

Fig. 4. Relationship between the content of MyHC II in the vastus lateralis m. quadricipitis femoris
and the slope in the VO2/PO relationship below the LT (panel A) (r = - 0.375, p < 0.094). The
relationship between the content of MyHC IIa in the vastus lateralis m. quadricipitis femoris and
the slope in the VO2/PO relationship below the LT (panel B) (r = - 0.562, p < 0.01).

A B

The power output at which the LT was detected is presented in Table 3. The
values of the maximal power output that were reached during the incremental test
are also presented in Table 3. The individual data of the expected oxygen uptake
at the maximal power output (Exp.VO2 at the MPO) and the observed maximal
oxygen uptake (Obs. VO2, max) are presented in Table 4. 

The individual data of the "peak VO2 excess" and the "accumulated VO2

excess" are expressed in relation to % of MyHC II content in the vastus lateralis
(see Fig. 5A, and Fig. 5B).
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Fig. 6. Relationship between the "accumulated VO2 excess" and the content of MyHC II (sum of
MyHC IIa and MyHC IIx) in the vastus lateralis m. quadricipitis femoris (panel A) (r = 0.510, p <
0.02). The relationship between the  "accumulated VO2 excess" and the content of MyHC IIa in the
m. vastus lateralis (panel B) (r = 0.527, p < 0.02).

A B

Table 3. Individual date of the power output reached at the LT and the percentage of VO2, max reached at
the LT as well as the maximal power output (PO) reached during the incremental exercise test. 

Subject LT % VO2, max at LT Maximal PO
(W) (%) (W)

1 150 59.5 250

2 270 75.1 345

3 210 67.5 310

4 210 70.4 337

5 120 46.5 265

6 120 56.4 240

7 120 49.4 258

8 180 60.5 305

9 150 51.9 303

10 150 54.0 280

11 150 59.7 273

12 150 48.4 317

13 150 53.8 292

14 150 54.2 282

15 150 53.0 270

16 150 59.2 270

17 150 47.7 330

18 120 42.8 302

19 210 63.0 330

20 180 63.4 305

21 180 67.8 292

x ± SD 163 ± 37 57.3 ± 8.5 293 ± 29



A significant correlation (r = 0.524, p < 0.02) was found between the "peak
VO2 excess" and the content of MyHC II (sum of MyHC IIa + MyHC IIx) (see
Fig. 5 A). Similarly, a significant correlation between the "peak VO2 excess" and
the content of MyHC IIa in the vastus lateralis was found ( r = 0.501, p < 0.02).
(see Fig. 5 B).

The "accumulated VO2 excess" was also positively correlated (r = 0.510, p <
0.02) with the content of MyHC II in the vastus lateralis (see Fig. 6 A). Similarly,
a significant correlation (r = 0.527, p < 0.02) was found between the
"accumulated VO2 excess" and the MyHC IIa content in the vastus lateralis (see
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Table 4. Individual data of linear regressions for the VO2 / PO relationship below the LT, the
observed values of the VO2, max (Obs. VO2, max) and the calculated values of the expected VO2, max (Exp.
VO2 at the MPO), the peak VO2 excess and the accumulated VO2 excess during the incremental
exercise test. 

Obs. VO2, max Exp. VO2 Peak Accumulated
Subject Linear relationship VO2 / PO * at the MPO VO2 excess VO2 excess

(ml · min-1) (ml · min-1) (ml · min-1) (ml · min-1)

1 y=451.60 ±10.227x   r2=0.998 3344 3008 336 1384

2 y=552.86 ± 9.810x   r2=0.997 4299 3987 312 1874

3 y=426.71 ± 10.394x   r2=0.997 3933 3649 284 1910

4 y=710.29 ± 8.620x   r2=0.996 3660 3615 45 816

5 y=715.50 ± 8.137x   r2=0.995 3600 2872 728 5639

6 y=335.00 ± 8.803x   r2=0.989 2526 2448 78 2340

7 y=462.50 ± 9.830x   r2=1.000 3324 2999 325 2248

8 y=392.60 ± 10.556x   r2=0.998 3779 3612 167 827

9 y=521.40 ± 9.700x   r2=0.975 3944 3461 483 3430

10 y=454.20 ± 9.413x   r2=0.992 3525 3090 435 2780

11 y=552.80 ± 9.940x   r2=0.997 3438 3266 172 1720

12 y=612.60 ± 9.233x   r2=0.986 4252 3539 713 5769

13 y=404.80 ± 11.120x   r2=0.986 3931 3652 279 1900

14 y=454.50 ± 10.103x   r2=1.000 3626 3304 322 2191

15 y=577.80 ± 8.827x   r2=0.987 3643 2961 682 5235

16 y=485.20 ± 10.487x   r2=0.995 3503 3317 186 2121

17 y=633.30 ± 8.743x   r2=0.987 4197 3519 678 6662

18 y=629.50 ± 8.497x   r2=0.984 3811 3196 615 8063

19 y=179.14 ± 11.186x   r2=0.998 4038 3871 167 666

20 y=577.73 ± 9.668x   r2=0.997 3726 3526 200 1150

21 y=405.33 ± 10.562x   r2=0.990 3530 3489 41 799

x ± SD 3697 ± 390 3351 ± 365

* y = VO2 (ml . min-1), x = PO (W)



Fig. 6 B). Moreover, as one would expect significant correlation (r = 0.396, p =
0.04 one tale Students t - test, for 20 subjects) between the slope in the VO2 / PO
relationship above the LT and the percentage of the MyHC II content in the m.
vastus lateralis was observed.

DISCUSSION

MyHC content in the vastus lateralis m. quadricipitis femoris and the pre-
exercise VO2

Pre-exercise VO2, as a mean value of six-minute measurements, expressed
both in ml . min-1, and in ml . kg-1 . min-1, was positively correlated with the content
of MyHC II in the vastus lateralis (p< 0.01) (see Fig. 3). A similar finding had
already been published in the literature by Zurlo et al. (19). Moreover, we also
compared the pre-exercise VO2 in a group of 7 subjects with the highest content
of MyHC II (59.9 ± 11.2 %) and in a group of 7 subjects with the lowest content
of MyHC II ( 27.5 ± 6.0 %). The pre-exercise values of VO2 (amounting to 388
± 57 ml . min-1, or 5.15 ± 0.40 ml . kg-1 . min-1) in the group of subjects with a high
proportion of MyHC II were significantly higher (p < 0.02) than the VO2

(amounting to 313 ± 35 ml . min-1, or 4.27 ± 0.42 ml . kg-1 . min-1) in the group with
a low content of MyHC II in the vastus lateralis.

MyHC content in the vastus lateralis m. quadricipitis femoris and the VO2 /
power output relationship below the LT

Below the LT the oxygen uptake / power output relationship can be described
by a linear function. The individual data obtained in our study are presented in
Table 4. We have examined the relationship between the muscle fibres
composition and the rate of oxygen uptake at the subsequent steps of the
incremental exercise - up to the lactate threshold (LT). A significant negative
correlation between the slope in the VO2 / PO relationship below the LT and the
content of the MyHC IIa in the m. vastus lateralis was found (see Fig. 4 B).
Similarly, a clear but statically not significant correlation between the content of
MyHC II and the slope in the VO2 / PO relationship below the LT was observed
(see Fig. 4 A). Our results are in agreement with recently published data by
Barstow et al. (20), who have shown a significant positive correlation between
the slope in the VO2 / power output with the proportion of type I muscle fibres in
the m. vastus lateralis.

These data clearly show that the subjects with a greater content of type I
muscle fibres require more oxygen in order to maintain a linear increase in power
output during incremental exercise below the LT, than the individuals with a
greater content of type II muscle fibres.
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Still little is known about the hierarchy of recruitment of different muscle fibres
during exercise. According to the current concepts, fatigue resistant type I muscle
fibres are recruited during exercise of low power output, while further increase in
power output requires a progressive recruitment of more powerful although fatigue
sensitive type II muscle fibres [for review see e.g. (21, 22)]. Therefore, subjects
with a low content of type I muscle fibres have to recruit a greater proportion of
the glycolytic type II muscle fibres already at a low power output exercise.

The assumption that individuals with a low proportion of type I muscle fibres
have to recruit the glycolytic type II muscle fibres much earlier than individuals
with a high proportion of type I muscle fibres suggests that anaerobic glycolysis
in these subjects produces ATP already at a very low power output. Anaerobic
ATP supply causes generation of some power output without oxygen
consumption: the greater the proportion of anaerobic glycolytic ATP production,
the lower the VO2/PO ratio. This factor could predominate below the LT, slightly
decreasing the slope of the VO2/PO relationship in the subjects with a greater
proportion of type II muscle fibres. Generally, activation of anaerobic glycolysis,
in glycolytic type II muscle fibres could potentially explain our results in the
exercise below the LT, assuming that activation of anaerobic glycolysis below the
LT is too small to cause noticeable accumulation of lactate in blood [for overview
of this point see (23)]. Such reasoning is in agreement with experimental data
present in the literature, eg. Gollnick et al. (24) reported evidence of recruitment
of some of the type II muscle fibres already at a very low exercise intensity (30
% VO2, max). Additionally Ivy et al. (25), reported that ".... substantial per cent of
type II muscle fibres are activated before the lactate threshold ....".

We have also examined the relationship between the intercept in the VO2

/power output and the content of MyHC II in the vastus lateralis below the LT.
This relationship was positive and statistically significant (r = 0.467, p < 0.05).
Moreover, we have also examined the relationship between the magnitude of the
VO2 at a power output of 120 W (the stage below the LT for all of the examined
subjects) and the MyHC II content in the vastus lateralis. No relationship between
these variables was found. Moreover, the mean value of VO2 at the power output
of 120 W in the above mentioned group of 7 subjects with the highest content of
MyHC II was not significantly different from that of a group of 7 subjects with the
lowest content of MyHC II (1658 ± 41 vs. 1614 ± 61 ml . min-1). Therefore, at this
power output there was no difference in the oxygen cost of work between the
subjects with the lowest or the highest proportion of MyHC II in their muscles.

MyHC content in the vastus lateralis and the VO2 / power output relationship
above the LT

The present study confirms non-linear relationship between the VO2 and the
power output above the lactate threshold (LT) [see [(8, 9, 10, 12, 26)], see also
the Fig.1.
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The main and original finding of this study is the fact that the magnitude of the
"peak VO2 excess" determined during an incremental exercise test (see Fig. 1) is
positively correlated with the content of MyHC II in the vastus lateralis (see Fig.
5 A). A similar correlation exists between the "peak VO2 excess" and the content
of MyHC IIa in the vastus lateralis (see Fig. 5 B). Moreover, a significant
correlation between the "accumulated VO2 excess" (see Fig. 1) and the content of
MyHC II (Fig. 6 A) as well as with the MyHC IIa (Fig. 6 B) were found.
Additionally, as one would expect significant correlation (r = 0.396, p = 0.04 one
tale Students t - test, for 20 subjects) between the slope in the VO2 / PO
relationship above the LT and the percentage of the MyHC II content in the m.
vastus lateralis was observed. This calculation was based only on 20 subjects,
due to the fact that although in the one excluded case (subject no 4, see Table 2)
a clear non-linear relationship between the VO2 and the power output above the
lactate threshold was observed (see Table 4), however in this case the course of
the non-proportional increase in the VO2 above the LT could not be appropriately
expressed by the slope in VO2 /PO relationship.

These data clearly show that the non-linear increase in the VO2 present above
the LT is greater in the individuals with a higher proportion of the fast type MyHC
in the vastus lateralis. Possibility of such relationship has already been postulated
for several years [see e.g. Whipp (14) ], as the explanation of the slow component
of the VO2 kinetics. 

According to the hierarchy of recruitment of different motor units (see also
21), one may suspect that subjects with a low content of type II muscle fibres will
recruit fewer of them even at maximal power output than subjects with a high
proportion of type II muscle fibres. Again, why recruitment of type II muscle
fibres requires more oxygen uptake than recruitment of type I remain unclear.

It has been postulated that efficiency of mitochondria in type II muscle fibres
appears to be lower than that of type I muscle fibres (27). On the other hand,
although type II muscle fibres have less efficient mitochondria, they probably
produce a greater fraction of ATP in anaerobic glycolysis (which is not
accompanied by oxygen consumption) than type I muscle fibres. This increases
the overall P/O ratio in type II muscle fibres and counteracts the decrease in the
P/O ratio caused by less efficient mitochondria. Therefore, it is not clear if type
II muscle fibres have indeed a lower overall P/O ratio than type I muscle fibres.
The available data from human experiments regarding the relationship between
muscle fibres composition and oxygen cost of work are contradictory. Coyle et al.
(28) for example have shown that individuals possessing a higher proportion of
type II muscle fibres during cycling at a given power output, utilise substantially
more oxygen when compared to subjects with a low percentage of type II muscle
fibres. On the other hand, it is contradicted by the data of Medbo (29) who
postulates that there is no difference in the mechanical efficiency of type I and
type II muscle fibres during cycling exercise. Moreover, Pedersen et al. (30), have
reported recently, that the degree of curvilinearity observed in their study was not
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related to muscle fibre type distribution, determined immunohistochemically in
the muscle biopsies samples, taken from the lateral vastus of the quadriceps
femoris muscle.

Our results clearly show (see Fig. 5 and 6) that individuals with a higher
proportion of type IIa MyHC in the vastus lateralis in order to maintain a linear
increase in power output above the LT up to VO2, max, have to consume more
oxygen than expected from the linear relationship (VO2 / PO) present below the
LT when compared with individuals with a lower content of type IIa MyHC in
their muscles. It is interesting why recruitment of the type II muscle fibres should
be responsible for the non-linear increase in VO2. At the present state of our
knowledge it is impossible to give a satisfactory answer. One may postulate a
hypothesis that type II muscle fibres possess mitochondria of lower efficiency [
see Willis and Jackman (27)] but, as mentioned above, there are some evidences,
that type II muscle fibres are recruited already at very low power outputs, below
those at which the slow component of VO2 kinetics (or the non-linear increase in
VO2) occurs [ see e.g. (24, 25) ].

We postulate that it is not recruitment of type II muscle fibres per se but the
increase in metabolites in the muscles due to high energy fluxes in the working
muscle fibres such as H+, ADP, Pi, IMP, accompanied by a decrease in the
cytosolic phosphorylation potential (∆Gp) that may decrease muscle efficiency
and initialise the need for more oxygen to be used in order to maintain the
required power output. Such a possibility is in agreement with a number of earlier
studies based on animal and human experiments [ see e.g. (31, 32, 33)].

Significance of different type MyHC content in the vastus lateralis in the energy
cost of work

The results of this study show that muscle fibres composition plays an
important role in the energy cost of exercise both below and above the LT. It was
interesting and surprising for us to find that the slope in the VO2/PO relationship
in the data below the LT was steeper in subjects with a higher proportion of type
I MyHC in the vastus lateralis. It would suggest that the delta efficiency in these
subjects was lower than in individuals possessing a greater proportion of type II
MyHC in the muscle. 

Above the LT, however, in subjects with a greater proportion of type II MyHC
in the muscle the VO2 rises faster, therefore the magnitude of the non-linear
increase in VO2 / power output relationship is more pronounced as expressed by
the values of the "peak VO2 excess" and the "accumulated VO2 excess" (see Fig.
5 and 6).

In conclusion:

Our results show that there is no simple relationship between the content of
different types of MyHC in the vastus lateralis and the oxygen cost of work
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during incremental exercise test; individuals with a high content of MyHC II in
the vastus lateralis m. quadricipitis femoris consume more oxygen in pre-
exercise conditions than subjects with a low content of MyHC II in their muscles.
Subjects with a high content of MyHC II require smaller increase in VO2 for
maintaining a linear increase in power output up to the lactate threshold (lower
slope in this relationship), but after exceeding the LT they consume more oxygen
than expected from the linear relationship below the LT when compared with
subjects with a low content of MyHC II in their muscles. Therefore, non-linear
increase in the VO2 / power output relationship, present above the LT, is more
pronounced in subjects with a higher content of MyHC II in the vastus lateralis
m. quadricipitis femoris.
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