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ABSTRACT

Twenty-one previously sedentary male volunteers (aged 35-50 years) undertook a defined marathon training programme
lasting 30 weeks. At weeks 0 (Ti), 15 (T2) and 30 (T3) they underwent measurement of maximal oxygen uptake (VO2 max),
submaximal V02 and submaximal plasma lactate concentration during cycle ergometry. No exercise was taken for 24-48
hours prior to testing. During training aerobic power increased significantly (p < 0.001) from an initial V02 max at Ti of
33.9 ± 6 (mean ± sd) ml.kg-1min-1 to 39 ± 5.6 ml.kg-1min-1 at T2 but the T3 value of 39.2 ± 5.2 ml.kg-1min-1 was not
significantly different from that at T2. Plasma lactate concentration of 4 mmol.l-1 (OBLAw) occurred at a significantly
(P < 0.05) higher workload (155 ± 28w) at T2 compared with T1 (132 ± 30w) but the T3 figure was 137 ± 34w. OBLA V02 at
T1 was 2.04 ± 0.42 I.min-1, at T2 was 2.24 ± 0.04 I.min-1 but at T3 was 2.03 ± 0.30 I.min-1 (T1 :T2 P < 0.05, T1 :T3 NS). OBLA
%VO2 max at T1 was 75 ± 12%, at T2 was 73 ± 1 1 % but at T3 was 62 ± 10% (T1:T2 NS, T1:T3 P < 0.01).
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INTRODUCTION
It has been demonstrated that the maximum oxygen uptake
(W°2 max), increases to a plateau during training and does
not increase further during the later stages of a training
programme despite an increase in running performance (as
assessed by pace and distance during training) and it has
been proposed that this pattern of change reflects the fact
that aerobic power is not the only determinant of endurance
capacity (Pollock, 1972). It has also been suggested that
metabolic parameters measured during submaximal
exercise may be better indicators of endurance (Daniels et
al, 1978; Katch et al, 1978; Kinderman et al, 1979). For this
reason the plasma lactate response during an exercise test
was investigated in our subjects to monitor the effect of a
marathon training programme on indicators of endurance
capacity.

In this study we examined the effect of training both with
regard to range of plasma lactate response from rest to
peak exercise and with regard to the onset of plasma lactate
accumulation OPLA in a group of previously sedentary
middle-aged men.

METHODS
The subjects studied were 35 middle-aged men (35-50
years) who had been recruited through a newspaper
advertisement to partcipate in a study of the effects of a
marathon training programme on cardiological, physio-
logical and biochemical indices of physical fitness and risk
factors for coronary heart disease. These men had
previously taken no regular exercise, were not being treated
for any medical condition and had not run a marathon race
before the study commenced. Of the original 35 recruits 8
dropped out during the study due to injury, lack of interest
or other reasons and 27 carried out the full training
programme. Analytical problems and incomplete test
attendances impaired 6 sets of results, so that 21 full sets
were ultimately obtained.

The prescribed training programme lasted 30 weeks and
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increased in stages from an initial 3 runs of 20 min each per
week (60 min/week) to a peak at 28 weeks in which there
was a long run on one day of 3 hours and on 5 other days
runs of 40 to 90 min (8 h/week) with at least one day of rest
per week throughout. A further two weeks of training at a
much lower level of effort was followed by the Glasgow
marathon in week 31. An attempt was made to monitor the
intensity of effort during the training by measuring heart
rate using portable equipment (Sport Tester PE 2000 pulse
rate monitor. Polar Electro KY, Finland) which the subjects
could carry whilst running. A sample of 5 runners were
monitored in this way, the small number being dictated by
the availability of equipment.

Testing of the subjects was carried out at weeks 0, 15 and
30 (T1, T2 and T3 respectively) and they refrained from
training on the day prior to testing. At each testing stage the
subjects undertook a maximal exercise test on a cycle
ergometer following a standard protocol during which the
pedalling resistance was increased from 75w initially in
steps of 25w at 3 min intervals whilst maintaining a
constant pedalling speed of 50 rev.min-1; the test was
continued until exhaustion.

Blood samples were taken at rest, at the end of each
3 minute period and finally at exhaustion, through an
indwelling cannula in an antecubital vein into fluoride/
oxalate preservative. Plasma from these samples was
stored at -20°C until analysis. Lactate concentration was
measured using a fully enzymatic, U.V. spectrophotometric
assay (Boehringer, Mannheim).

Oxygen uptake was assessed during the final minute of
the 3 minute period at each workload and during the last 60
seconds of effort before exhaustion, using the Douglas bag
method. In some instances it was not possible for subjects
to sustain maximal effort for one minute and a 30 second
sample was taken. Oxygen and carbon dioxide content was
assessed using paramagnetic (Servomex) and infra-red
analysers (P. K. Morgan) previously calibrated with gas
mixtures standardised by Lloyd-Haldane analysis. Volume
of expired air was measured using a calibrated Parkinson
Cowan dry gas meter.

Cardiac function was monitored on all subjects
throughout the test using an electrocardiograph (ECG). The
significance of the observed changes was assessed using
Student's paired 't' test.
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RESULTS

Maximal oxygen uptake increased significantly (P < 0.001)
from pre-training levels of 2.7 ± 0.52 I.min-1 (33.9 ± 6.0
ml.kg-lmin-1) to 15 week levels of 2.99 ± 0.42 I.min-1
(39.0 ± 5.6 ml.kg-lmin-l) but from 15 weeks to 30 weeks
(2.91 ± 0.37 I.min-1, 39.2 ± 5.2 ml.kg.-1min-1) this increase
was not significant.

Plasma lactate concentrations at the same submaximal
work rate were lower both at T2 and T3 (Fig. 1) however the
trend from T1 to T2 was reversed at T3. The difference
between the work load corresponding to a lactate
concentration of 4 mmol.l-1 (OPLAw) at T1 and T2 was
significant (P < 0.05) but not significant between T1 and T3.
The data corresponding to plasma lactate concentration of
4 mmol.l-1 are summarised in Table 11. When lactate concen-
tration was plotted against oxygen consumption (Fig. 2)
there was a tendency for a lower lactate concentration to
occur at a given submaximal V02 at T2 compared to T1.
However at T3 this pattern was reversed and a higher
lactate concentration was apparent at a given V02 than at
T1. At the 4 mmol.l-1 lactate concentration was apparent at
a given V02 than at T1. At the 4 mmol.l-1 lactate
concentration (OPLA V02) the difference between T1 and T2
was significant (P < 0.05) but that between T1 and T3 was
not significant.
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Fig. 2: Plasma lactate concentration vs. oxygen uptake at 0 weeks (T1) 15
weeks ff2) and 30 weeks (T3) training (mean and SEM, n = 21).
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Fig. 3: Plasma lactate concentration vs. percentage of maximal oxygen
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Fig. 1: Plasma lactate concentration at each work rate at 0 weeks (Ti) 15
weeks (T2) and 30 weeks (T3) training (mean and SEM, n = 21).

TABLE II

Physiological responses at the exercise intensity corresponding to OPLA
(mean ± sd) n = 12

Week 0 Week 15 Week 30
(Ti) (T2) (T3)

OPLA watts 132 ± 30 155 ± 28 137 ± 34

OPLA V02 I.min-1 2.04 ± 0.42 2.24 ± 0.40 2.03 ± 0.30
OPLA %V02 max 75 ±12 73 ±11 62 ±10
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Fig. 4: Oxygen uptake vs. work-rate at Ti (O weeks), T2 (15 weeks) and T3 (30
weeks) training (mean and SEM, n = 21).

Fig. 4 demonstrates that there was a fall in oxygen
uptake at a given work rate at T2 and T3. This fall in V02
accounts for the apparent discrepancy in training response
as assessed by OPLAw and OPLA V02. When lactate
concentration was plotted against percentage of maximal
oxygen uptake (Fig. 3) higher lactate concentrations at a
given YOVO2 max (relative exercise intensity) occurred at
both T2 and T3. At the 4 mmol.l-1 lactate concentration the
difference between T1 and T2 was not significant but the
difference between T1 and T3 was significant (P < 0.01). The

actual distances, times and intensities (% of max heart rate)
achieved during training are summarised in Table 1. The
data show that the exercise intensity did not fall below 88%
of maximum heart rate throughout training in the 5 subjects
monitored. The high value reflects the fact that monitoring
was only carried out during short duration (< 60 min) effort.
The mean finishing time for the marathon was 256 min with
a range of 206-327 min. Only one subject failed to complete
the race, dropping out through injury at 10 miles.
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TABLE I

Summary of the running training programme. Mean ± ad

Week
0-15 15-30 1-30

(T1-T2) (T2-T3) (T1-T2)

Distance run (miles) n = 21 209 ± 88 434 ± 126 644 ± 160

Time run (min) n = 21 1742 ± 641 3836 ± 1193 5578 ± 1193

Percentage of maximum
heartrate,n=5 91±5 88±3 90±4

DISCUSSION
The mode of testing of the subjects was not ideal since the
mode of training was running, and V02 max values
determined during cycling exercise are likely to be rather
lower than those determined during running (by about 8%,
Astrand and Rodahl, 1977). This compromise was chosen
because cardiac ventriculography, which requires a
stationary subject, was also carried out during the exercise
test (results published elsewhere, Findlay et al, 1986).
However, despite the non-specificity of the mode of
exercise testing the V02 max results show that it is valid for
demonstrating improvements in aerobic capacity in this
study. Training appeared to modify the submaximal
exercise plasma lactate response although the pattern of
change was not the same after 30 weeks as after 15 weeks.
After 15 weeks a fall in plasma lactate concentration was
observed at a given submaximal work-rate and at a given
oxygen uptake. This reduction is in agreement with other
training studies in middle-aged men (Saltin et al, 1969;
Ekblom et al, 1968). OPLA was achieved on average at 17%
and 15% higher values of work-rate and oxygen uptake
respectively. This improvement in OPLA also agrees with
previous studies in this age group (Denis et al, 1984;
Hollman, 1961). In contrast to the lowering of submaximal
plasma lactate concentrations after 15 weeks training and
despite the maintenance of the improvement in V02 max, a
reversal of the measured lactate response occurred during
the second 15 weeks of training. At 30 weeks the lactate
concentration at a given submaximal work-rate was much
the same as the pre-training level while the lactate
concentration was higher at a given V02 and relative
intensity (%MV2 max). There are several possible
explanations for this reversal in plasma lactate response. A
number of factors may be responsible for the increased
lactate concentration at submaximal workloads: increased
environmental temperature during testing (Bergh et al,
1986), detraining in response to a period of rest (Davis et al,
1976) and increased resting lactate concentration before
testing, but none of these factors appeared to have been
involved in our subject's response during testing.

In the absence of information about dietary carbohydrate
intake the possibility that plasma lactate was elevated due
to increased muscle glycogen stores cannot be discounted.
It should be noted that a fairly normal mixed diet (i.e. 55%
carbohydrate), allied to 24-48 hours rest, after prolonged
endurance training can lead to an increase in muscle
glycogen concentration (Costill et al, 1971). Subjects
complied with the request to abstain from training in the 24
hours prior to testing.

Intensity of training is important in submaximal exercise
lactate response. Training at 70% V0°2 max is effective in
lowering the plasma lactate response while training at 40%

V02 max is not (Sady et al, 1980). On the basis of the
overload principle it has been suggested that high intensity
exercise (at 70% V02 max or more) is necessary to ustress"
the lactate production and thus result in adaptation
(Wasserman et al, 1967). Others suggest that a training
intensity that would produce a plasma lactate concentration
of 4 mmol.l-1 is optimal for eliciting a reduction in plasma
lactate concentration at submaximal work-rates (Hollman,
1961; Kinderman et al, 1979; Mader et al, 1976). The plasma
lactate concentration was not monitored in our subjects
during training but the five runners who were monitored for
training intensity were selected randomly and therefore
thought to be representative of the group as a whole. Thus
it appears unlikely that changes in the intensity of training
could account for the reversal in plasma lactate response.

Glycogen depletion has been shown to affect the plasma
lactate response to exercise. Hermansen and co-workers
observed that repeated bouts of high intensity exercise
(77% V02 max) resulted in a reduced plasma lactate
response to given workloads,and intensities (Hermansen et
al, 1967). Such exercise depletes the glycogen content, as
judged by PAS staining, in fibres of type 1, Ila and llb alike
(Essen, 1978). However little experimental evidence has
been presented with regard to the effect of continuous
lower intensity exercise such as that of the present study
training programme.

According to the size principle (Heinemann, 1980) it is the
smaller type I fibres that are initially recruited during
progressive exercise. Thus the type I and their slightly
larger type Ila counterparts would be expected to be
recruited during lower intensity continuous exercise and
therefore become depleted first. This specific pattern of
glycogen depletion would result in an early recruitment of
type llb fibres during the exercise test thereby increasing
the plasma lactate concentration.

In conclusion, it does appear that marathon training in
novice middle-aged runners results in substantial
improvement in maximal aerobic power and reduction of
the plasma lactate response to exercise. This finding has
not previously been demonstrated in this category of
subjects with marathon training. The reversal of the lactate
response during testing at the end of the training
programme is an interesting observation which has not
previously been reported. In reviewing the literature on this
subject we find that very few of the published papers give
details of the period of rest allowed before testing even
though this information is important for the proper inter-
pretation of the results of this type of study.
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