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Abstract

The purpose of this study was to assess, the effects of continu-
ous and intermittent exercise training on lactate kinetic parame-
ters and maximal aerobic speed (MAS) using field tests.
Twenty-four male sport students were equally divided into
continuous (CT) and intermittent (IT) physically trained groups.
Another six participants acted as non-trained controls (CG). The
trained participants practiced 6-days per week for 6 weeks.
Before and after training, all participants completed an incre-
mental exercise test to assess their MAS, and a 30-second supra-
maximal exercise followed by 30 minutes of active recovery to
determine the individual blood lactate recovery curve. It was
found that exercise training has significantly increased MAS (p
< 0.001), the lactate exchange and removal abilities as well as
the lactate concentrations at the beginning of the recovery ([La]-
(0)); for both CT and IT groups; this was accompanied by a
significant reduction of the time to lactate-peak. Nevertheless,
the improvement in MAS was significantly higher (p < 0.001)
post-intermittent (15.1 % =+ 2.4) than post-continuous (10.3 % +
3.2) training. The lactate-exchange and removal abilities were
also significantly higher for IT than for CT-group (P<0.05).
Moreover, IT-group showed a significantly shorter half-time of
the blood lactate (t-Y2-[La]) than CT-group (7.2 £ 0.5 min vs 7.7
+ 0.3 min, respectively) (p < 0.05). However, no significant
differences were observed in peak blood lactate concentration
([Lalpear), time to reach [Lalcak (t-[Lalyca), and [La]-(0) be-
tween the two physically-trained groups. We conclude that both
continuous and intermittent training exercises were equally
effective in improving t-[La],ca and [La]pear, although intermit-
tent training was more beneficial in elevating MAS and in rais-
ing the lactate exchange (y; ) and removal (y,) indexes.

Key words: Biexponential mathematical model, recovery,
supra-maximal exercise.

Introduction

The effects of exercise training and training methods on
lactate kinetics have been widely studied, but the conclu-
sions remain controversial and unclear. For instance,
some investigators reported that whereas endurance exer-
cise training enhances blood lactate clearance capacity
(Freund et al., 1992), intermittent exercise training is a
more effective method to improve aerobic capacity and to
increase lactate threshold (LT) (Evertsen et al., 2001;
Gorostiaga et al., 1991). Other studies have yielded con-
flicting results suggesting that both continuous and inter-

mittent exercise training were equally effective in aug-
menting LT (Edge et al., 2005; Poole and Gaesser, 1985).
The difference between methodological approaches and
experimental procedures such as the lactate sampling-
times and the use of monoexponential rather than biexpo-
nential curves to describe lactate recovery might account
for some of the mentioned discrepancies. Moreover, dif-
ferences in lactate clearance capacity between endurance-
trained and untrained individuals have been often as-
sessed during recovery from exercise at the same relative
intensity rather than at the same level of blood lactate
accumulation. Although, Bassett and collaborators (1991)
attempted to manage this issue by adjusting individual
workloads to produce the same blood lactate concentra-
tion. Their finding of no difference in peak lactate be-
tween the groups supported the need for further research.
Several investigations have reported that endurance train-
ing had no significant effect on peak lactate at the maxi-
mal aerobic speed (MAS) (Billat et al., 2004; Laffite et
al.,, 2003), maximal lactate steady state concentration
(MLSSc) (Billat et al., 2004), blood lactate clearance
(Mayes et al., 1987), LT (Slawinski et al., 2001) or veloc-
ity at the LT (Laffite et al., 2003). Other investigators
report that endurance exercise training improves lactate
clearance capacity (Messonnier et al., 2006), raises LT
(Edge et al., 2005; 2006; Evertsen et al., 2001; Poole and
Gaesser, 1985), enhances maximal lactate steady state
velocity (MLSSv) (Billat et al., 2004) and increases the
velocity at the lactate threshold (vLT) (Billat et al., 2004;
Evertsen et al., 2001).

Endurance training induces adaptations in several
physiological systems (i.e. metabolic, cardiovascular,
muscular, etc.). One of the significant effects of these
adaptations is the modification of lactate kinetic parame-
ters (Edge et al., 2005; Evertsen et al., 2001; Gorostiaga et
al., 1991; Messonnier et al., 2006; Poole and Gaesser,
1985). Poole and Gaesser (1985) and Edge and coworkers
(2005) have reported that intermittent and continuous
exercise training have a similar, positive effect on LT.
Conversely, other studies have shown greater improve-
ments in aerobic fitness and LT after intermittent than
after continuous exercise training (Evertsen et al., 2001;
Gorostiaga et al., 1991).

A unique mathematical descriptive model that in-
cludes two exponential terms to describe the kinetics of
lactate can be used to represent blood lactate recovery
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curves after exercise. A two-compartmental model con-
sisting of the previously working muscles and the remain-
der of the lactate space provides the simplest, most realis-
tic explanation of the lactate profile (Oyono-Enguelle et
al., 1993). The advantage of this mathematical model is
that it can be applied to supra-maximal exercise and sup-
ply information on the overall ability of lactate exchange
and removal.

To our knowledge, this modelling approach had
never been applied to single out differences in lactate
exchange and removal abilities after intermittent and
continuous training. Therefore, the objective of this cur-
rent work was to use the biexponential model in order to
investigate the possible differential benefits from intermit-
tent and continuous physical training on lactate exchange
and removal abilities.

Methods

Subjects

Thirty male sports students from the same sport academy
participated in the study. Twelve subjects were recruited
for each of the two experimental groups and the remain-
ing 6 subjects were assigned as control. None of the stu-
dents practiced any physical activity outside the academy.
The average (+SD) age, height, and body mass of the
participants was 20 (2) years, 1.72 (0.02) m, and 72 (3.2)
kg, respectively. The subjects were divided into three
homogeneous groups according to their MAS. The physi-
cally trained groups performed their continuous and in-
termittent exercise programs simultaneously. Each par-
ticipant gave his written informed consent knowing, the
potential benefits, and the study associated-risks. The
study protocol was approved by the research ethics com-
mittee of the Hospital Farhat Hached, Sousse Tunisia.

Protocol
Two running field tests were conducted before as well as
after the six-week training program with 48-h in-between.

The first session was a maximal continuous graded
exercise test performed to measure the maximal aerobic
speed (MAS) (Chtara et al., 2005). It consisted of a run-
ning trial around a 200 m track calibrated by reference
marks placed every 20-m. Goal speed was indicated using
calibrated sound signals from a tape recorder. The speed
started at 8-km/h and increased by 0.5 km/h every minute.
The last completed stage reached by the subject corre-
sponded to his maximal aerobic speed (MAS).

The second session was designed to assess the in-
dividual blood lactate recovery curves and recovery peak-
lactate concentrations. The test began with 20-minutes
warm-up exercise at 60-% MAS, then subjects performed
a supramaximal exercise (140% of MAS) for 30 seconds,
followed by 30 minutes of active recovery running at 30%
of their MAS. The intensity of the active recovery was
chosen to be within the range of those recommended to
withdraw blood samples to measure lactate concentration
(Gorostiaga et al., 1991). Blood samples were taken at
rest, at the end of the exercise (t;) and during the recovery
periods. The running velocity during supramaximal exer-
cise and active recovery was controlled by placing marks
at every 20 meters and using a sonorous signal to deter-

mine the running rhythm. When this test was performed
after the training period, new MAS values were used (i.e.
MAS values of the re-test).

Training

Each pair of matched subjects was required to complete
the same amount of work during a training session. Train-
ing intensity was set as a percentage of MAS. The sub-
jects in the two experimental exercise groups performed
six physical training sessions per week with the seventh
day as rest day for six consecutive weeks. Group 1 per-
formed moderate-intensity training in a continuous man-
ner (CT), whereas group 2 performed high-intensity train-
ing in an intermittent manner (IT). The subjects in the
control group did not participate in the training program,
and they were instructed to keep their normal daily activ-
ity during this study. All training sessions were completed
on the field.

The IT-group trained at an intensity of 90% MAS
and increased 5% every two weeks (reaching 100% MAS
for the last two weeks). Intervals were of 2 min duration,
with 1 min recovery (work-to-rest ratio 2:1). Progression
was controlled by altering the workload and the number
of intervals performed in a training session.

The CT-group performed exercise at an intensity of
60% (weeks 1 and 2), 65% (weeks 3 and 4), and 70% (last
two weeks) of MAS. The training was continuous (run-
ning, with no rest periods). Progression was controlled by
increasing the workload and exercise duration to equal the
total work performed by their matched pair in the IT-
group. Due to the training intensities chosen and the
matching of groups on total work, the duration of a train-
ing session was similar between both groups. For exam-
ple, when a subject with a MAS of 17 km'h™ (training at
90% MAS during week 1 = 15.3 kmh™) from the IT-
group performed eight 2 min intervals (+1 min rest peri-
ods), the subject with a MAS of 17 km'h™ (training at
60% MAS during week 1 = 10.2 kmh") from the CT-
group (matched pair) ran for 24 min matching the total
distance covered.

Training duration for the continuous and intermit-
tent groups were increased from 35 minutes the first week
to 75 minutes the sixth week (warm up excluded).

These two types of physical training were preceded
by 15 minutes of warming-up at 50% MAS. After the
training, the subjects underwent the same experimental
protocol as during the pre-training period to assess the
adaptations induced by training. No subjects withdraw
from the study before the achievement of the post-training
tests evaluation and none complained from health compli-
cations throughout the study.

Blood lactate measurements and analysis

Blood samples from the subjects' fingers were analyzed
using an automated lactate analyzer (Accutrend, Boe-
hringer Mannheim, Mannheim, Germany), which had
been previously validated (Fell et al., 1998). Resting-
blood lactate concentration was determined on a sample
drawn prior to warm-up. Further blood samples were
drawn to plot the individual blood lactate recovery curve.
Blood lactate was measured at rest, at the end of the 30
sec-bout of exercise (time zero of recovery), and at the
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Table 1. Mean (SD) maximal aerobic speed (km-h™), before and after 6 weeks of training.

Group Pre-test Post-test A %A

CT 15.3 (1.3) 16.8 (.9) *1 1.54 (37) # 103(32) 1
IT 15.0 (1.2) 17.2 (1.1) *# 2.25 (.19) #% 152 (2.5) t%
CG 152 (1.3) 15.4 (1.0 13 (.30) 1.0 (2.0)

CT, continuous training; IT Intermittent training; CG, control group; A = post-test — pre-test; %A
= ((post-test — pre-test)/ pre-test) x 100.

* p <0.001 for differences with the pre-test value; T p < 0.05 and # p < 0.001 significantly greater
than CG; I p <0.001 significantly greater than CT.

2", 4% 6™ 9™ 127 15", 20", 25", and 30" minute of
recovery and the mathematical model interests only the
first fifteen minutes.

This standardised protocol allowed assessing the
peak blood lactate concentration (/La/,cq) and the time to
reach [La/peac (t-[Lajeqr). The half-time of the blood
lactate removal (#-%-[La]) was determined using the
linear regression fit between blood lactate concentration
and recovery time (McLellan and Skinner, 1982). The #-
“%-[La] represents the time to that the lactate concentra-
tion return to the half of the delta value between the peak
concentration and resting concentration.

Each individual curve was fitted using the follow-
ing biexponential equation (Freund and Gendry, 1978):

[La] () =[La](0) + 4,(1—e ")+ 4,(1—e7*") Eq. 1

Where: [Laj(t) and [La](0) (mmol/l) are the
measured blood lactate concentrations at time t after
the end of the exercise and at the beginning of the re-
covery, respectively.

A; and A, (in mmol/l) are the amplitudes of the
two exponential components y; and y, (per minute)
are the time constants.

The individual parameters of the biexponential
function were fitted by means of an iterative nonlin-
ear technique, using Microcal Origin 5.0 Software to
determine the values of A;, A, y;and y».

Statistical analysis

All results are expressed as mean (£SD). After checking
the normality of the distribution with the Komolgorov—
Smirnov test, we used a two-way ANOVA for repeated
measures in order to assess the differences between
groups and between the tests before (pre) and after (post)
training period within each group. LSD post-hoc tests
were used to determine where significant differences

occurred. Pearson correlations were used to assess the
relationships between variables. Statistical significance
was set at p <0.05.

Results

Table 1 illustrates the mean pre- and post-test absolute
and relative changes in MAS. The mean values of the
parameters from the fits and the application of the model
are summarized in Table 2 and Figure 1. No significant
differences were found between groups for any variable
before training (Figure 1, Table 1 and 2).

A significant time-effect was obtained for MAS.
The LSD post-hoc indicated that MAS was significantly
improved after the physical training period, whereas no
changes were observed in the control group. The im-
provement of MAS was higher (p < 0.001) for IT-group
(15.19% =+ 2.48) than for CT-group (10.33% + 3.22).

Blood lactate concentration during recovery before
and after the training program were fitted with Eq.1 and
the different parameters of this model were analysed. At
the end of the training period, y; j», and [Laj(0) were
significantly increased, and #-/2-/La] and t-[La] e, were
significantly decreased, for both CT and IT-groups. But,
no changes were observed in the control group.

The parameters of lactate exchange (y;) and re-
moval (y,) abilities were found to be higher for IT-group
than for CT-group (Figure 1). Additionally, IT-group
showed a significantly shorter z-%-/La/ than CT-group
(Table 2). No significant differences were observed in
[La](0), t-[La] . and [La],.. between the two trained
groups (Table 2).

As reported in Figure 2, the lactate exchange and
removal abilities were positively and significantly corre-
lated with MAS (r = 0.65 and r = 0.72, respectively, p <
0.001). Moreover, a significant correlation was found

Table 2. Mean (£SD) blood lactate characteristics and lactate Kkinetics parameters for 3 groups.

CT IT CG
t-Y-[La] (min) Pre 8.75 (.39) 8.87 (48) 8.79 (.64)
Post  7.77 (39) **¥*f  7.20 (.52)*** #; 8.54 (.74)
[Laj(0) (mmol-I"") Pre 5.00 (.74) 4.90 (.64) 5.00 (.70)
Post 6.00 (.64) *t 6.20 (.60) *# 5.10 (.60)
[La], e (mmol-T") Pre 8.75 (.70) 8.47 (.66) 8.40 (.50)
Post 9.00 (.74) * 9.30 (.75) * 8.30 (.60)
t-/La] ,pqi (min) Pre 3.50 (.90) 3.50 (.90) 3.33 (1.00)

Post  2.00 (.00) ***;

2.00 (.00) ***+ 3.30 (1.00)

CT, continuous training; IT Intermittent training; CG, control group; ¢ %2 [La]: the half time of the blood
lactate removal; /La](0):Pre-training vs. Post-training values for blood lactate concentration at the
beginning of recovery; [Laj peq: peak blood lactate concentration measured during the recovery; ¢

[La] peqr: time to peak lactate.

*p <0.05 and *** p < 0.001 significantly different from pre-training, ¥ p < 0.05 and # p < 0.001:
significantly difference change compared with CG,  p < 0.05: Significantly different from CT.
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Figure 1. Pre-training vs. Post-training values for the velocity constants that represent the lactate exchange (y;) and re-

moval (y) abilities in the different training groups. Results are presented by mean (£SD).
* p <0.001 significantly different from post-training, & p < 0.001 significantly difference change compared with CT and IT, ¥ p < 0.05 signifi-

cantly different from CT.

between [La],eq and t-72-[La] (r = -0.70, p < 0.001, Fig-
ure 3). Likewise, a significant correlation resulted be-
tween [La/(0) and distance covered during 30s-sprint (r =
0.97, p < 0.001, Figure 4).

Discussion

The main findings of the present study suggest that inter-
mittent training was more effective in enhancing MAS
and raising the lactate exchange (y;) and removal (y,)
abilities than continuous training. However, both training
methods were equally effective in altering #-/La/ e and
[La] peak-

The improvement in MAS was 1.5-times higher for
the IT than for the CT-group. Some investigators (Evert-
sen et al., 2001; Gorostiaga et al., 1991) have reported
that intermittent physical training is an effective method
to improve aerobic capacity, but other studies (Edge et al.,
2006; Poole and Gaesser, 1985) do not agree with this
conclusion. Our results may be explained by the conse-
quence of an adaptation process that is the result of the
mode and/or intensity of the physical training. This was
corroborated by a previous study (Gorostiaga et al., 1991)
showing that IT produced a higher increase in VO, than
CT, suggesting that arange of training intensities could

lead to a greater improvement in VO,,,, (Gorostiaga et
al., 1991). The magnitude of improvement in MAS after
intermittent training programs might be affected by the
percentage of VO, during training and the time for
which it was sustained (Tabata et al., 1997). Indeed, it
might be reasonable to assume that high oxygen uptake
obtained during intermittent training led to a high stress
on the aerobic system and hence a large increase in
VO (Billat et al., 2000; Tabata et al., 1997). Moreover,
it is possible that the training intensity used during con-
tinuous training was not sufficiently high to maximize
VOymax improvements (Weltman et al., 1992) and did not
stress the oxygen delivery system maximally (Tabata et
al., 1997). This continuous mode of training may there-
fore be less effective than intermittent training for im-
proving MAS.

Physical training increased y; by 27.7 + 6.6% and
v> by 32.7 £ 6.3%. The improvements in lactate exchange
and removal rates respectively are in agreement with the
results reported by Messonnier et al (2006) and Bret et al
(2003). These improvements could be due to an increase
in muscle capillary density (Messonnier et al., 2006),
mitochondrial volume density, several enzymes of oxida-
tive metabolism, and/or monocarboxylate transporters
(MCTs) (Thomas et al., 2005).

13 14 15 16 17 18 19 20
MAS (km/h)

13 14 15 16 17 18 19 20
MAS (km/h)

Figure 2. Relationship between maximal aerobic speed (MAS) and the lactate exchange (»;) and removal (3;) abili-

ties. All subjects combined.
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Figure 3. Relationship between the ¢-72-/La] and the [Las],,,;. All subjects combined.

The close significant correlations between v, v,
and MAS suggest that the subjects exhibiting the higher
exchange and removal abilities were also those who dis-
played the higher MAS (Figure 2). Therefore, in already
well trained subjects (with fairly stable VO, max and
running economy), MAS testing could provide a strong
indirect indication of changes in lactate exchange and
removal abilities. Our results are in agreement with Mes-
sonnier et al (2001) who reported that improvements in
physical fitness are associated with a concomitant in-
crease in the lactate removal rate. Nevertheless, others
conclude that training status has no effect on the lactate
removal ability during recovery from 3-min cycling exer-
cise bouts (Bassett et al., 1991) and after high intensity
exercise (Oosthuyse and Carter, 1999). The disagreement
with our study is probably due to differences in the study-
protocol, as the 3-min exercise bouts were not of high
intensity and resulted in La-peaks lower than the present
one. In addition, it is possible that the recovery mode used
in these studies (passive) was not as good as full active
recovery.

As reported in Table 2, the post-training #-/La/ pear
appeared to be reduced compared to the pre-training val-
ues. This is in agreement with previously reported results
from Bassett and co-investigators (1991) who found that
physically trained subjects demonstrated a faster time to
peak, an indication of a faster efflux of lactate from mus-
cle to blood (Bassett et al., 1991; Freund et al., 1992).
Moreover, values of #-%-[La] were significantly reduced
after training (Table 2). This result might be explained by
the higher VO, observed in trained subjects (Gmada et al.,
2005) and greater peak concentration in blood lactate. The
observed relationship between t-%:-[Laj and [La] e (Fig-
ure 3) confirms these data.

Six weeks of either intermittent or continuous en-
durance exercise training induce a significant increase in
[La](0) (Table 2). These changes are consistent with the
results of previous reports showing that training can in-
crease post-exercise lactate concentration (Edge et al.,
2005; Juel et al., 2004). These authors suggested that the

reason for the higher blood lactate release after training is
a combination of an increased production of lactate and
H' transporting proteins (MCT1) with an improved
blood-flow and blood-flow distribution. Hence, this could
explain the increase of the distance covered during the
30s-sprint post-training. This finding could be confirmed
by the positive correlation between [La/(0) and the dis-
tance covered during 30s-sprint shown in Figure 4.

7,57
= 6’5-. o"o :
% 6,0 ° %
S 5,01 %5
=45 v
4,0: x
3,5. L S R L
110 120 130 140 150 160
Distance covered (m)

Figure 4. Relationship between the lactate concentration at
the end of exercise (|[La] (0)) and the distances covered dur-
ing 30 s. All subjects combined.

To be consistent, we applied exactly the same ex-
ercise-test protocols before and after training. Since MAS
increased with training, there was inevitably an increase
in the absolute velocity of the sprint exercise, then, the
greater [Laj(0) production after training is probably due
to the greater absolute velocity/intensity.

The fact that lactate exchange and removal abilities
in IT-group were higher than in CT-group is most likely
due to the circulatory and/or metabolic adaptations in-
duced by intermittent training, since total distance cov-
ered during training was identical between groups. In-
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deed, it is admitted that the biochemical adaptations in
slow twitch and fast twitch muscle fibres are not the same
for continuous and interval exercise training (Dudley et
al., 1982). Studies on rats indicated that interval training
increased the oxidative capacity of slow-twitch and fast—
twitch fibres (Dudley et al., 1982). In fact, ST fibres are
very efficient for lactate oxidation during exercise and
recovery (Donovan and and Pagliassotti, 2000). From a
standpoint of the training mode effects on the lactate
transporters, Evertsen et al (2001) reported that interval
training maintained the concentration of MCT1, while its
concentration decreased after continuous training. It was
concluded that the enhanced ability to take up lactate by
the trained muscles was due to the increase in MCT1
transporters (Bonen, 2000). It is well established that the
concentration of MCT1 increases by chronic stimulation
or intensive training; while less intensive training may
have little effect on human skeletal muscle MCT1 (Pile-
gaard et al., 1999). Consequently, IT-group with the high-
est intensity compared to CT-group would be expected to
display the highest exchange and removal lactate abilities.

Despite the difference in training mode we found a
similarity between f-/Lajpeqc and [Lajpeqc in the two
trained groups. This might be related to the fact, as men-
tioned in the methods sections, that blood sampling was
not continuous, and therefore we could not determine the
exact time or the accurate concentration of the peak lac-
tate level in any of our subjects. Yet, measuring lactate
continuously is not easy to implement and the previous
studies used such an intermittent sampling method used in
the present study.

Conclusion

In conclusion, we investigated the differences in lactate
exchange and removal abilities following intermittent and
continuous physical training by applying a biexponential
model. The main findings of the present study suggest
that intermittent training was more effective in elevating
MAS and raising the lactate exchange (y;) and removal
(v2) abilities. However, both continuous and intermittent
training were equally effective in #-/La/ yeq and [La] yeqr-
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Key points

e Coaches and athletes need to be aware of the poten-
tiality positive effects of exercise intensity.

e Improvements in physical fitness are associated with
a concomitant increase in the lactate removal ability.

e In order to reduce lactate accumulation and increase
maximal aerobic speed maximally, interval training
method, with work speeds equal to 90% - 100% of
MAS, may be the effective way when compared
with continuous training method.
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