Brazilian Journal of Medical and Biological Research (2002) 35: 1389-1394

ISSN 0100-879X

F.A. Voltarelli,
C.A. Gobatto and
M.A.R. de Mello

Correspondence

M.AR. de Mello

Departamento de Educacdo Fisica
1B, UNESP

Avenida 24-A, 1515

13506-900 Rio Claro, SP

Brasil

Fax: +55-19-534-0009

E-mail: mellomar@rc.unesp.br

Presented at the XVII Annual Meeting
of the Federacao de Sociedades de
Biologia Experimental, Salvador, BA,
Brazil, August 28-31, 2002.

Research supported by FAPESP
(Nos. 96/05425-2, 01/03356-3
and 95/5778) and CNPq (No.
522755/96-8).

Received April 8, 2002
Accepted August 27, 2002

Short Communication

Determination of anaerobic threshold
in rats using the lactate minimum test

Departamento de Educagao Fisica, Instituto de Biologia,

Universidade Estadual Paulista, Rio Claro, SP, Brasil

Abstract

The break point of the curve of blood lactate vs exercise load has been
called anaerobic threshold (AT) and is considered to be an important
indicator of endurance exercise capacity in human subjects. There are
few studies of AT determination in animals. We describe a protocol
for AT determination by the “lactate minimum test” in rats during
swimming exercise. The test is based on the premise that during an
incremental exercise test, and after a bout of maximal exercise, blood
lactate decreases to a minimum and then increases again. This mini-
mum value indicates the intensity of the AT. Adult male (90 days)
Wistar rats adapted to swimming for 2 weeks were used. The initial
state of lactic acidosis was obtained by making the animals jump into
the water and swim while carrying a load equivalent to 50% of body
weight for 6 min (30-s exercise interrupted by a 30-s rest). After a 9-
min rest, blood was collected and the incremental swimming test was
started. The test consisted of swimming while supporting loads of 4.5,
5.0, 5.5, 6.0 and 7.0% of body weight. Each exercise load lasted 5 min
and was followed by a 30-s rest during which blood samples were
taken. The blood lactate minimum was determined from a zero-
gradient tangent to a spline function fitting the blood lactate vs
workload curve. AT was estimated to be 4.95 + 0.10% of body weight
while interpolated blood lactate was 7.17 £ 0.16 mmol/l. These results
suggest the application of AT determination in animal studies con-
cerning metabolism during exercise.
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In human subjects blood lactate concen-
tration increases exponentially with exercise
intensity. The break point on the curve of
blood lactate vs workload during incremen-
tal exercise has been termed blood lactate
threshold or anaerobic threshold (AT) (1),
although anaerobiosis as a cause of the ac-
celerated lactate production has been ques-
tioned (2). AT occurs within the range of
submaximal exercise intensities, in general
between 50 and 80% of the maximal load
and at a blood lactate concentration of ap-

proximately 4.0 mmol/l (1).

Despite many attempts (1,2), a physi-
ological basis for AT has not yet been fully
established. Nevertheless, the threshold de-
terminations are useful for the assessment of
subject endurance capacity. Today, AT meas-
urements are very popular for the evaluation
of training effectiveness in athletes, assum-
ing that the higher the threshold, the greater
the endurance capacity (3,4). Determinations
of AT have also proved to be of value in
clinical studies (5).
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In 1993, Tegtbur et al. (6) reported the
development of a test named lactate mini-
mum test to determine AT. The test involved
subjects performing a short period of supra-
maximal exercise to induce hyperlactemia
before starting a standard incremental tread-
mill test. The blood lactate minimum (BLM)
was defined as the velocity at which a curve
fitted to the U-shaped blood lactate data
derived from the incremental test reached a
nadir. This minimum lactate point was sup-
posed to indicate the lactate threshold (7).
After the initial proposal, this test was inves-
tigated extensively in human subjects, since
it seemed to offer advantages over existing
methods for AT estimation. Unlike the sub-
jective selection of threshold points as done
for lactate threshold and ventilatory thresh-
old determinations, a procedure that has been
criticized for poor inter-reviewer reliability
(8), BLM can be determined objectively by
applying a zero-gradient tangent to a spline
function fitting the blood lactate response to
the incremental exercise test (7). Also, in
contrast to methods utilizing reference blood
lactate concentrations, such as the onset of
blood lactate accumulation at 4.0 mmol/l
blood lactate, the BLM is apparently unaf-
fected by conditions of glycogen depletion
(6). The lactate minimum test has been con-
sidered to be sensitive to changes in endur-
ance capacity after aerobic exercise training
in some circumstances (9-11), but not in
others (7,12,13).

For obvious reasons, a significant num-
ber of studies involving exercise have been
conducted on laboratory animals, mainly rats,
and blood lactate concentration was used in
many for the determination of effort inten-
sity. However, this procedure is limited by
the small amount of information available
concerning lactate kinetics during exercise
in rats. To our knowledge, only few studies
dealing with lactate threshold determinations
in rats have been reported in the literature,
most of them using treadmill running as an
ergometer (14,15). Only one study analyzed
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lactate kinetics during swimming (16). Thus,
the present study was designed to analyze
blood lactate alterations during an incre-
mental swimming exercise test performed
after a bout of supramaximal exercise in rats
to determine whether the AT can be detected
in the animals under these conditions.

All experiments involving the animals
were conducted according to the policy of
the American College of Sport Medicine on
Research with Experimental Animals. Adult
(90-120 days) male Wistar rats (N = 10)
were used. The animals were fed a commer-
cial chow for rodents (Labina, Purina, Cam-
pinas, SP, Brazil) ad libitum and had free
access to water throughout the experimental
period. The animals were housed in collec-
tive cages (5 rats per cage) at 25°C in a room
with lights on from 6:00 to 18:00 h. All rats
were adapted to water before the beginning
of the tests. The adaptation consisted of
keeping the animal in shallow water at 31 +
1°C (17) for 60 min, 5 days/week for 2
weeks. The purpose of the adaptation was to
reduce stress without promoting exercise
training adaptations.

The incremental exercise test protocol
employed was based on the lactate minimum
test described by Tegtbur et al. (6) for human
subjects, adapted to rats. The lactate mini-
mum test consists of performing a short pe-
riod of supramaximal exercise to induce hy-
perlactemia before starting an incremental
exercise test. In order to produce hyperlacte-
mia, the rats were induced to jump into the
water for 6 min (30-s exercise interrupted by
30-s rest) carrying a load (lead fish sinkers
strapped to the chest) of 50% body weight in
a cylinder tank 50 cm deep and 25 cm in
diameter, filled with water at 31 £ 1°C. After
a 9-min recovery interval, the rats were sub-
mitted to an incremental test consisting of
swimming while carrying loads of 4.5, 5.0,
5.5, 6.0 and 7.0% of body weight. Exercise
at each load lasted 5 min and was followed
by a 30-s rest during which blood samples
were taken for lactate measurement. The
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BLM (the load corresponding to the nadir of
the blood lactate vs workload, as a % of body
weight plot) was estimated from the zero-
gradient tangent to a spline function fitting
the exercise blood lactate data. This mini-
mum value corresponded to the AT. The
adequate interval (9 min) between the end of
the supramaximal exercise and the begin-
ning of the incremental exercise test was
established in a separate set of experiments
performed with the same rats one week be-
fore. For this purpose, the rats were induced
to jump into the water for 6 min as described
above and blood samples were collected for
lactate determination 6, 7, 8, 9, 10 and 11
min after the end of the exercise bout. Peak
blood lactate occurred at the 9th min (data
not shown). Thus, we adopted a 9-min re-
covery time before the beginning of the in-
cremental test.

Since it is often assumed that the aerobic/
anaerobic transition is demarcated by the
higher exercise intensity at which blood lac-
tate does not increase beyond the initial tran-
sient during a constant load exercise, i.e., a
maximal lactate steady state (MLSS) level
(1), we also checked for blood lactate stabi-
lization at the load corresponding to the
threshold obtained by the lactate minimum
test. One week after the lactate minimum
test, the rats were submitted to swimming
exercise while carrying constant loads be-
low BLM (4.0% of body weight) correspond-
ing to BLM (5.0% of body weight, see Fig-
ure 1)and above BLM (6.5% of body weight)
in 100 x 80 x 80 cm tanks, subdivided into
four cylinder compartments filled with wa-
ter at 31 = 1°C. This device permitted the
simultaneous evaluation of four animals
swimming individually. Each animal par-
ticipated in three experimental tests with a 3-
day interval between them. The sequence of
loads was distributed at random and the
same load was never used twice by the same
animal. Each test consisted of continuous
swimming for 30 min with one load. After
each 5-min period of exercise, blood samples

were collected for lactate determination. The
loads of 4.0 and 6.5% were chosen because
in a previous study we demonstrated that
sedentary rats showed MLSS during swim-
ming exercise with overloads of 5.0 and
6.0% of body weight (16). The data obtained
in this set of experiments were analyzed by
one-way ANOVA. When necessary, the
Newman-Keuls post hoc comparison test
was used. In all cases, statistical significance
was set at P<0.05.

All blood samples (25 pl) were collected
from a cut at the tip of the tail with the aid of
graded capillary tubes during the exercise
tests and placed in 1.5-ml Eppendorf tubes
containing 50 pl 1% sodium fluoride. To
avoid blood lactate dilution with residual
water in the tail of the animal, the rats were
dried with a towel immediately before blood
collection. The lactate concentrations were
determined with a lactate analyzer (YSI
Model 1500 SPORT, Yellow Springs, OH,
USA).

Blood lactate concentrations for a single
rat at the consecutive workloads during the
lactate minimum test are presented in Figure
1. The curve fitted to the blood lactate data
derived from the incremental load swim-
ming test presented, as expected, a U-shaped
form. The BLM, 5.2%, is indicated by the
load at which this curve reached its nadir. In
this particular case, the estimated BLM was
5.2% of body weight load, while the interpo-
lated blood lactate concentration was 7.0
mmol/l. Analysis of individual curves per-
mitted us to determine the AT. The mean
AT, expressed as the load at which BLM was
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Figure 1. Determination of the
blood lactate minimum (BLM) of
a single rat during an incremen-
tal swimming exercise test.
Each point indicates blood lac-
tate concentration (mmol/l) on
the ordinate after a 5-min exer-
cise bout with the animal sup-
porting each load indicated on
the abscissa. The BLM and the
respective workload were calcu-
lated using the spline function.
The vertical arrow indicates the
estimated workload correspond-
ing to BLM while the horizontal
arrow indicates the interpolated
blood lactate concentration.
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Figure 2. Rat blood lactate con-
centration during constant load
swimming exercise tests sup-
porting overloads. A, Below
blood lactate minimum (BLM,
4.0% of body weight); B, equal
to BLM (5.0% of body weight),
and C, above BLM (6.5% of body
weight). Observe the blood lac-
tate stabilization with the 4.0%
load (5.06 + 0.25 mmol/l) and
the 5.0% load (6.41 + 0.30
mmol/l). Data are reported as
means = SD for 10 rats per
group. In each panel, each differ-
ent letter indicates significant
differences in blood lactate from
the other values (P<0.05,
ANOVA).
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estimated in all rats, was 4.95 £ 0.10% of
body weight, while the mean interpolated
blood lactate concentration at this load was
7.17 £ 0.16 mmol/l.

Figure 2 presents mean blood lactate con-
centrations during the constant load exercise
tests. The animals showed blood lactate sta-
bilization with the load below BLM (4.0% of
body weight, Figure 2A), at 5.06 + 0.25
mmol/l blood lactate and with the load corre-
sponding to the BLM (5.0% of body weight,
Figure 2B), at 6.41 £ 0.30 mmol/l blood
lactate. There was a progressive increase in
blood lactate concentrations with load above
the BLM (6.5% of body weight, Figure 2C).
The mean estimated blood lactate concen-
tration at BLM was significantly higher
(P<0.05, #-test) than the mean blood lactate
observed during the constant load test at
5.0% of body weight.

The objective of this study was to estab-
lish a protocol of swimming exercise with
progressive intensities for rats based on the
lactate minimum test proposed for human
subjects (6,7) in order to determine their AT.
This test involves a) a short period of supra-
maximal exercise to induce hyperlactemia,
b) a brief recovery period to assure high
levels of lactemia, and ¢) a test protocol of
incremental exercise.

Despite the limited information on the
theoretical basis for the lactate minimum
concept, this concept was found to be useful
for AT determination in human subjects in
some circumstances (9), and appeared at-
tractive for application to laboratory rats.
The only procedure previously demonstrated
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to be adequate to estimate AT in swimming
rats requires several tests performed during
more than two weeks (16). This impairs its
application under some special conditions
such as pregnancy and lactation, which last
only three weeks in the rat, and in tumor-
bearing animals. Since the lactate minimum
test requires only one day, it would represent
an alternative procedure for AT determina-
tion in swimming rats, if it proved to be well
tolerated by the animals.

In the test originally described for human
subjects, the initial lactic acidosis was in-
duced in athletes by two successive exhaust-
ing runs. The second run was followed by an
8-min recovery (slow walking). Soon after,
the incremental test began (6). In a previous
study we demonstrated that sedentary male
Wistar rats, immediately after five sessions
of jumps into the water while carrying a load
of 50% of body weight, 30 s of exercise
interrupted by 1 min of rest, show blood
lactate concentrations of 5.0 £ 0.7 mmol/l.
After 10 sessions of the same exercise, the
values rose to 7.2 = 1.1 mmol/l (18). On the
basis of this information, to obtain the initial
acidosis, in the present study the rats were
induced to jump into water while carrying an
overload of 50% of body weight. The rats
did not show difficulty in performing the
protocol and hyperlactemia appeared, con-
firming our previous findings (18). The loads
used to establish the incremental swimming
test protocol were based on another study by
our group (16) in which we examined blood
lactate kinetics during constant load swim-
ming exercise in male Wistar rats.
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The analysis of our lactate minimum test
results demonstrated that the blood lactate
alterations occurring in rats during incre-
mental exercise show a pattern similar to
that described for human subjects. This per-
mitted us to determine the AT, expressed as
the load at which the BLM point was ob-
served in all rats (4.95 + 0.10% of body
weight), while the mean interpolated blood
lactate concentration at this load was 7.17 £
0.16 mmol/l. In a previous study on rats,
Pillis et al. (14) observed that during an
incremental treadmill run test, AT occurred
when the blood lactate concentration was
approximately 4.0 mmol/l. This suggests that
the type of exercise used (running or swim-
ming) may affect the value of blood lactate at
AT.

According to Mader and Heck (1), the
AT is a term that refers to the oxygen con-
sumption during exercise above which the
rate of lactate production exceeds the rate at
which it can be removed, thus causing an
increase in blood lactate. The highest exer-
cise intensity at which blood lactate does not
increase, therefore, should be equivalent to
the AT. Thus, a second question that was
addressed in the present investigation was
the following: was there blood lactate stabi-
lization during constant load exercise at the
load corresponding to the BLM estimated by
the lactate minimum test? Our data show
that rats were able to keep a stable blood
lactate at workloads below (4.0% of body
weight) and equivalent to (5.0% of body
weight) the estimated BLM. At the load
above the estimated BLM (6.5% of body
weight), blood lactate increased with time.
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