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ABSTRACT

Manchado FB, Gobatto CA, Contarteze RVL, Papoti M, de Mello
MAR. Maximal Lactate Steady State In Running Rats. JEPonline
2005;8(5):29-35. The higher concentration during exercise at which
lactate entry in blood equals its removal is known as "maximal lactate
steady state" (MLSS) and is considered an important indicator of
endurance exercise capacity. The aim of the present study was to
determine MLSS in running rats. Adult male Wistar sedentary rats, which
were selected and adapted to treadmill running for three weeks, were
used. After becoming familiarized with treadmill running, the rats were
submitted to five exercise tests at 15, 20, 25, 30 and 35 m/min velocities.
The velocity sequence was distributed at random. Each test consisted of
continuous running for 25 min at one velocity or until the exhaustion.
Blood lactate was determined at rest and each 5 min of exercise to find
the MLSS. The running rats presented MLSS at the 20 m/min velocity,
with blood lactate of 3.9£1.1 mmol/L. At the 15 m/min velocity, the blood
lactate also stabilized, but at a lower concentration (3.2+1.1 mmol/L).
There was a progressive increase in blood lactate concentration at
higher velocities, and some animals reached exhaustion between the
10" and 25™ minute of exercise. These results indicate that the protocol
of MLSS can be used for determination of the maximal aerobic intensity
in running rats.
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INTRODUCTION

The determination of the transition zone from which metabolism shifts from predominantly aerobic to
increased support from phosphagen and glycolytic energy systems, is of great interest for physical
conditioning, physical evaluation, training and sport performance. As a consequence, a great number
of investigations have been conducted in the last decades, resulting in different protocols for
identification of this metabolic zone transition.

Wasserman and Mcllroy (1), first defined the term anaerobic threshold, in the sense that during
exercise the abrupt increase of blood CO; reflects a metabolic shift towards the anaerobic
phosphagen and glycolytic energy systems. Kindermann et al. (2), after accomplishment of
incremental exercise tests in well trained athletes, postulated the occurrence of a metabolic transition
between aerobic and anaerobic systems at blood lactate concentrations between 2.0 and 4.0 mmol/L,
with a marked anaerobic threshold at 4.0 mmol/L. In 1976, Mader et al. (3) suggested that the
anaerobic threshold corresponds to a disproportional increase in blood lactate concentration in
response to an exercise load. Later, Sjodin and Jacobs (4) and Heck et al. (5) considered the blood
lactate level of 4.0 mmol/L as being the "onset of blood lactate accumulation”. Other simple protocols
have been designed for determining the metabolic transition, among them the lactate minimum test
described by Tegtbur et al. (6), the double bouts exercise method suggested by Chassain (7) based
on values of heart rate (HR), VO, and blood lactate delta, and the non-invasive but exhaustive critical
power model proposed by Monod and Scherrer (8). In spite of this, the MLSS is considered the “gold
standard” method for determination of aerobic/anaerobic metabolism transition (9-12).

Since there are obvious limitations in the investigations with human beings, a significant number of
studies involving exercise has been conducted in laboratory animals, mainly rats, and blood lactate
concentration was used in many of them for the determination of exercise intensity. However, such
procedure is hindered by the lack of information on the kinetics of blood lactate in these animals. In
swimming rats, a series of experiments to analyze blood lactate kinetics during exercise were
developed by our group. Initially, Gobatto et al. (13) demonstrated that the incremental test for
swimming rats was not appropriate to anaerobic threshold determination because the blood lactate
kinetics was linear. Later, a protocol for the maximal lactate steady state determination during
continuous load exercise was described. The lactate concentration corresponding to the MLSS was
5.5 mmol/L for sedentary rats (14). The individual anaerobic threshold of swimming rats was obtained
by Voltarelli et al. (15) based on the lactate minimum test originally described by Tegtbur et al. (6).

Treadmill running is an important exercise mode for the evaluation of metabolism in rats. Pillis et al.
(16) analyzed the blood lactate concentration in rats during a multistage treadmill exercise and
calculated the anaerobic threshold (AT). In this study, the blood lactate showed a pattern similar to
that described in human beings and the AT was observed at a velocity of 25 m/min, with a blood
lactate concentration of 4.0 mmol/L. Recently, Billat et al. (17) also checked the mouse critical
running speed using a non-invasive but exhaustive procedure.

In spite the MLSS during continuous exercise being used to validate many protocols of physical
evaluation and being considered the best method to identify the transition aerobic/anaerobic zone,
the literature lacks information on studies for the determination of MLSS in running rats. This study
was designed to determinate the maximal lactate steady state of sedentary rats submitted to treadmill
running exercise.
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METHODS

Animals

Eleven untrained male Wistar rats, 80 days old, weighing 250-320 g in the beginning of the
experiment and 410-500 g at the end were selected and used for this study. During the whole
experiment, the animals received water and commercial chow (Labina-Purina) ad libitum. The rats
were housed in collective cages (5 animals per cage), in a room with a light cycle from 06.00 am to
6.00 pm, at 25°C. All experiments involving the animals were conducted in conformance with the
policy statement of the American College of Sports Medicine on Research with experimental animals.
Selection Of Running Rats And Adaptation To The Treadmill Exercise

The process of selection of running rats occurred for ten consecutive days, with the animals running
to five minutes at 15 m/min. The animals that got to run nine or ten times were selected. Later, the
animals were adapted to the treadmill. The adaptation consisted of keeping the rats to run for three
weeks, 5 days/week, with duration and speed increased progressively. The purpose of the adaptation
was to reduce potential exercise stress without promoting physical training adaptations.
Experimental Procedure

After becoming familiarized with treadmill running, the rats were submitted to five exercise tests in
intensities equivalent to 15, 20, 25, 30 and 35 m/min velocities. Each animal participated in five
experimental tests, each separated by 72 hrs. The sequence of velocities was distributed at random,
and the same velocity was never used twice by the same rat. Each test consisted of continuous
running for 25 min with one velocity or until exhaustion. Blood samples for lactate determinations
were collected six times: before the beginning and every five min of exercise during the test.

Blood Samples And Analysis

Blood samples (25 uL) were collected from a cut at the tail tip during the exercise tests and deposited
in Eppendorf tubes (1.5 mL capacity) containing 50 uL sodium fluoride (1 %). The lactate
concentrations were determined in a lactate analyzer (YSI model 1500 SPORT).

Calculations

Individual graphics of the blood lactate responses during the exercise in the five different speeds
were plotted to determine the MSSL. The highest intensity in which the increase on the blood lactate
concentration was equal to or below 1 mmol/L from the 10" to the 25" minutes was considered as the
maximal lactate steady state (10, 14).

Statistical Analyses

The statistical procedure consisted of one-way ANOVA. When necessary, the Newman-Keuls post
hoc comparison test was used (18). In all cases, the statistical significance was set at P<0.05, and all
data are presented as meantstandard deviation.

RESULTS

The animals presented maximal lactate steady-state at 3.9+1.1 mmol/L of blood lactate, at the
velocity of 20 m/min. At 15 m/min, there was also stabilization of blood lactate, but in lower
concentration (3.2+1.1 mmol/L). There was a progressive increase in blood lactate concentration with
higher velocities, and some animals reached exhaustion between the 10" and 25™ minute of exercise
(Figure 1).
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Figure 1. Blood lactate concentrations during running exercise tests at 15 m/min (n=10), 20 m/min (n=11), 25
m/min (n=10), 30 m/min (n=10) and 35 m/min (n=8) velocities. Results are mean = SD. In each panel, significant
differences (P<0.05) are: a) vs. rest values; b) vs. rest and 5 min exercise values; c) vs. rest and 5 and 10 min
exercise values; d) vs. rest and 5, 10 and 15 min exercise values; e) vs. rest and 5 and 15 min exercise values; f)
vs. rest and 20 and 25 min exercise values; g) vs. rest and 15, 20 and 25 exercise values; h) vs. rest and 5 and
25 min exercise values; i) vs. rest and 5, 10 and 25 min exercise values; j) vs. rest and all other exercise time
values.
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DISCUSSION

Blood lactate was identified as an indicator of an increased dependence on glycolyctic metabolism
during exercise early last century (19). Ever since it has been used for the evaluation and prescription
of physical training for human beings. Recently, the blood lactate has been used for to determination
the exercise intensity in animals, but in spite of the importance, there are few studies on this subject
in rats (13,15).

The maximal lactate steady state can be used to detect the highest workload that can be maintained
over time without continual blood lactate accumulation (5,9,20) because it represents the highest
point of equilibrium between the production and removal of lactate (11). This parameter is considered
a good indicator of the endurance exercise capacity (11,21) and the work rate associated to MLSS
has been used in the assessment of an athlete’s endurance capacity (12,22).

This study showed that the maximal lactate steady state can be easily observed in running rats and
that blood lactate showed a pattern similar to that described in human beings during continuous
exercise.

The velocity associated to MLSS in our animals was 20 m/min. At higher intensities, the blood lactate
showed sustained progressive increases and some rats did not tolerate the exercise. The value of
maximal exercise intensity associated to aerobic condition observed in present study was lower than
the speed observed by Pillis et al. (16) (25 m/min), obtained by a different protocol. These last
authors determined the aerobic threshold in running rats using an incremental multistage treadmill
exercise. The AT was estimated from individual plots of blood lactate vs. treadmill speed and the AT
was considered the level of exercise intensity at which blood lactate concentration started to increase
rapidly. Langfort et al. (23) also reported the same intensity for AT calculated as the speed of running
corresponding to the individual breaking point of the lactate curve using the two-segment linear
regression of sedentary rats (25 m/min).

In spite of the fact that Pillis et al. (16) and Langfort et al. (23) were able to determine the anaerobic
threshold in rats using a discontinued multistage treadmill exercise test, Gobatto et al. (13) did not
find suitable blood lactate kinetics during an incremental swimming exercise protocol for rats. These
same authors (14) observed the MLSS in continuous swimming test at different intensities,
concluding that in submaximal continuous exercises, the blood lactate seems to show a better pattern
of stabilization.

The most important finding of our study was that the blood lactate concentration stabilized at 3.9
mmol/L, which is a similar to the values observed in experimental protocols with humans of different
ages (5,24-26). Furthermore, the blood lactate levels obtained by the MLSS protocol was equivalent
to the lactate concentration reported at the inflection point described by Pillis and Langfort in running
rats, using the incremental protocol. During swimming, Gobatto et al. (14) reported the MSSL at
higher values (5.5 mmol/L) at an intensity corresponding to 5% of the body weight, in sedentary rats.
Voltarelli et al. (15) also found a similar intensity in an adapted swimming lactate minimum test for the
metabolic transition, but at different blood lactate levels (7.17+0.16 mmol/L). This supports the
hypothesis that the value of blood lactate concentration at the AT may be protocol dependent.



MLSS In Running Rats 34

CONCLUSIONS

In summary, untrained rats performing running exercise at 20m/min velocity allow a maximal blood
lactate stabilization at 3.9 mmol/L. At lower intensities, the blood lactate concentration stabilization
occurs at lower values. A progressive increase in blood lactate occurs at higher intensities, therefore,
the MLSS test also can be used to determine the intensity of metabolic transition in running rats.
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