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Lactate (lactic acid) concentrations in sweat and venous and capillary blood of athletes were 
measured before and after exercise of the maximum aerobic power. Correlations between the 
increment of blood and sweat lactate concentrations were found. Lactate concentrations in 
the sweat can be used for evaluation of changes in blood lactate levels.
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The search for noninvasive methods for analysis of 
physiologically signifi cant substances attracts great 
attention in recent years. Along with high availabi-
lity, these methods should be suffi ciently sensitive and 
selective [2].

Lactate (the fi nal product of tissue glucose metab-
olism) is present in the blood, saliva, urine, and skin 
excretion and is one of the substances most important 
for analysis. The data on blood lactate concentration 
are essential for monitoring oxygen defi cit in clinical 
medicine and sports physiology [1,3].

Measurement of venous blood lactate is an im-
portant diagnostic test for evaluation of shock and hy-
poxia. Lactate level and the time course of its changes 
are prognostic criteria for predicting the development 
of lesions in sepsis, trauma, shock, and burns. In sports 
physiology, lactate level refl ects exercise intolerance 
in the athletes [8,12].

Two approaches to measurements of blood lac-
tate concentrations are used at present in clinical and 
sports practice: electrochemical and spectrophotomet-

ric. However, analysis of venous and capillary blood, 
obligatory in both cases, is diffi cult and has to be per-
formed by highly qualifi ed medical staff with consid-
eration for rigid hygienic regulations [1-3].

The procedure can be simplifi ed by using easily 
available biological fl uids, e.g., sweat. Together with 
water, the sudoriferous glands release many metabo-
lites: urea, some salts, uric acid, and lactate.

We studied the relationship between blood lac-
tate concentration and its concentration in the active 
muscle sweat and developed a method for the analy-
sis of blood lactate concentration based on its sweat 
concentration.

MATERIALS AND METHODS

The test with step-wise increasing power [10,11] ser-
ved as the model exercise. Experiments were approved 
by the Ethic Committee of the Institute Physical Cul-
ture. The study was carried out in 14 trained athletes 
engaged in cyclic sports (age 23.6±3.2 years, weight 
71.8±3.5 kg, height 177.4±5.8 cm, maximum oxygen 
consumption (MOC) 65.5±7.8 ml/min/kg). Venous and 
capillary blood was collected simultaneously before 
and directly after model exercise. Lactate concentra-
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tion in capillary blood was measured by electrochemi-
cal method on a C_Line automated analyzer (Biosen). 
Lactate level in venous blood was measured by spec-
trophotometry using LC 2389 kit (Randox).

In order to collect a sweat specimen at rest, a skin 
site above the gastrocnemius was stimulated with 1% 
pilocarpine chloride (Ferein) electrophoresis (Potok-1 
device). After stimulation of the skin site, the sweat 
was collected with a Macroduct Sweat Collector for 
15 min. The sweat was collected from the same skin 
site after model exercise.

Lactate level in the sweat was measured using 
screen-printed planar electrodes. The electrochemical 
system included a working graphite electrode (2 mm in 
diameter), accessory graphite electrode, and the refer-
ence silver chloride electrode [6,7]. The measurements 
were carried out in a fl ow engineering system at constant 
fl ow velocity 0.4 ml/min in phosphate buffer (pH 7) on a 
PalmSens device in the amperometric mode [6,7].

Experimental data were processed by descriptive 
statistical methods and presented as the arithmetic 
mean and standard error (M±m). The signifi cance of 
differences between unrelated samples was evaluated 
by Mann–Whitney’s test. Statistical hypotheses were 
verifi ed at the critical level of signifi cance p=0.05.

RESULTS

Lactate concentrations in the sweat, capillary and ve-
nous blood were measured (Table 1). The values be fore 
and after exercise test differed signifi cantly (p<0.05).

Statistical analysis of the data found no correla-
tions between the absolute values of lactate concen-

trations in the sweat and capillary and venous blood 
(R2=0.12, p>0.05; R2=0.46, p>0.05, respectively).

Since lactate concentration in the sweat includes 
not only blood lactate, but also lactate production by 
the eccrine sudoriferous gland, it is justifi ed to evalu-
ate the contribution of the working muscle by the in-
crement of lactate concentration as a result of intense 
exercise: (Clactate after exercise – Clactate before exer-
cise)/Clactate before exercise.

Analysis of experimental data with consideration 
for this hypothesis showed that the increase in lactate 
concentration in the sweat correlates with the incre-
ment of its concentration in capillary blood (R2=0.72, 
p<0.05; Fig. 1, a). The increment of lactate concentra-
tions in venous blood correlates with that in capillary 
blood (R2=0.84, p<0.05; Fig. 1, b).

Hence, a relationship between lactate concentra-
tions in the blood and the working muscle sweat was 
found. It was previously shown that lactate concen-
trations are elevated in the perspiration of skin areas 
above the working muscle, but no statistically signifi -

TABLE 1. Lactate Concentration in Biological Fluids (M±m)

Specimen

Lactate concentration, mmol/liter

before exercise after exercise

Venous blood 3.0±0.5 7.2±0.7

Sweat 20.4±6.7 62.2±16.3

Capillary blood 1.6±0.5 9.7±1.2

Fig. 1. Correlations between increment of lactate concentrations after exercise test. a) capillary blood – sweat; b) capillary blood – venous 
blood.
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cant correlations were found in lactate concentrations 
in the sweat in different skin sites and total lactate 
concentration in whole-body sweat [9]. It was shown 
[4,5] that total lactate concentration in whole-body 
sweat does not refl ect the intensity of exercise. On the 
other hand, it is noteworthy that exercise described in 
a previous study [4] (30 min 45% MOC and 15 min 
80% MOC) are within the threshold lactate zone and 
therefore cause no appreciable increment of blood lac-
tate concentration. We used a highly intense exercise 
beyond the threshold lactate level in this study. This 
exercise is associated with lactate accumulation in 
capillary and venous blood and in the sweat (Table 1).

The study showed the possibility of using sweat 
from skin sites above the working muscles for non-
invasive evaluation of blood lactate levels. In addi-
tion, the use of a new planar biosensor for lactate has 
demonstrated its high effi ciency in studies of sweat 
lactate levels.
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