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Abstract
Objective-To test the hypothesis that
saliva lactate concentrations may reflect
those present in blood and that saliva lac-
tate can be used as a very convenient and
useful variable in the study of anaerobic
metabolism.
Methods-Parallel determinations were

made of lactate in saliva and in capillary
blood samples, obtained at 3 min intervals
from nine individuals during the perform-
ance of a maximum graded exercise test
on a cycle ergometer against increasing
workloads (from 25 up to a maximum of
300 W). Lactate determinations were done
by means of an electroenzymatic method
using 25 pl samples in both types of fluids.
Results-For each situation, the concen-

tration oflactate in saliva was shown to be
about 15% ofthat in plasma but it followed
the same pattern of evolution during the
exercise test. A good correlation (r = 0.81)
between blood and saliva lactate concen-

trations was found. The precision of the
method was very good, with a coefficient
of variation ranging (n=10) between 2.2%
for samples with very low lactate concen-
trations and 0.7% for sample with mod-
erate lactate concentrations. Lactate
appeared to be very stable in saliva over a

period of 40 days after collection, when
kept at 4'C. The values obtained after this
period were virtually identical to those
shown in fresh samples.
Conclusions-Determination of lactate in
saliva can be used as an alternative to
determination in blood, overcoming most
of the drawbacks of the procedures being
used at present, since the collection of the
samples required no special expertise.
(BrJ Sports Med 1996;30:305-309)

Key terms: saliva lactate; blood lactate; anaerobic
threshold; repeated sampling

Despite numerous controversies about the
physiological meaning of their changes,1-5 serial
determinations of plasma or blood lactate con-

stitute a very useful procedure in both
experimental and routine studies of physical
performance.
To determine the concentration ofplasma or

blood lactate, samples obtained from a periph-
eral vessel (such as an antecubital vein) or from
the finger tip or the ear lobe are commonly
used. Because of the close correlation in the

lactate content between samples obtained by
arterial or venous catheterisation and those
obtained from the ear lobe or the finger tip,"8
"pricking" procedures are generally preferred.
In any case, however, the collection of the sam-
ple requires some technical expertise and
involves a more or less invasive, traumatic,
manipulation that may cause stress and anxiety
and thus discourage the participants and limit
the possibilities of adequate serial sampling,
apart from the problems associated with blood
handling and manipulation.
We have developed a new procedure that

uses saliva as a fluid in which lactate concentra-
tions mirror those in blood. This procedure
overcomes most of the drawbacks of the meth-
ods presently used, does not require special
expertise, and even would allow the subjects to
obtain their own samples in practically any
place or circumstance.

Methods
SUBJECTS
A group of nine amateur sportsmen, practising
an average of five hours of sporting activities
per week and with an acceptable level of physi-
cal fitness, agreed to participate in the study
after the objectives of the investigation and the
protocol to be followed were explaining to
them. The main characteristics of the partici-
pants were as follows: age 22.2 (SD 1.9) years,
height 178.5 (7.0) cm, and body mass 71.9
(5.8) kg.

All participants consumed their customary
(normal) diets and performed their habitual
professional and recreational activities. The
different trials took place in the afternoon, a

minimum of three hours after lunch, and were

conducted in a well ventilated room with an

ambient temperature of 20-240C and a relative
humidity ranging between 45% and 55%.

PROTOCOL
Each subject performed a graded cycle ergom-

eter test on a Monark ergometer, model 818E
(Monark AB, Sweden). The subjects pedalled
at 60 revolutions min' for consecutive periods
of 3 min duration, interrupted by resting peri-
ods of 1 min which was used for the collection
of the saliva and capillary blood samples. The
first period, consisting of 3 min of unloaded
pedalling, was followed by successive periods
of 3 min duration in which step power output
increments of 25 W up to the maximum that
could be achieved by each participant (up to
225 W in one case, up to 250 W in three cases,

up to 275 W in four cases, and up to 300 W in
two cases).

305

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsm
.30.4.305 on 1 D

ecem
ber 1996. D

ow
nloaded from

 

http://bjsm.bmj.com/


Segura, Javierre, Ventura, Lizarraga, Campos, Garrido

Once each workload step was completed,
saliva and blood capillary samples were col-
lected. In order to stimulate the production of
saliva, before sampling each subject rinsed his
mouth with 5 ml of a dilute solution of citric
acid (0.2 M) which was expelled 5 s after-
wards. From that time and for the following 30
s the secreted saliva was continuously collected
in a glass funnel placed on top of a graduated
cylinder. The subject then washed his mouth
with drinking water to remove any traces of the
chemical stimulant.
The capillary blood samples were obtained

from the ear lobe after briefly "milking" the tis-
sue to move more blood into the area and
"pricking" the overlaying skin with a mechani-
cal device. The glass capillary tubes were filled
with the flowing blood at the same time that
the subject was spitting the saliva into the col-
lection probe. The total time involved in the
saliva and blood sample collections was less
than 1 min.
As well as sampling at the end of each 3 min

step, saliva and capillary blood samples were
obtained at 3, 6, and 9 min of the recovery
period.
Along the graded exercise test and during

the recovery phase, the heart rate was continu-

ously monitored by means of a Polar Sport
Tester (Polar Electro OY, Finland).

ANALYSES
All samples were analysed for lactate content
by means of an enzymatic method using lactate
oxidase immobilised within a three-layer mem-
brane which fits into a platinum electrode (YSI
23L blood lactate analyser, model 1500 Sport,
YSI Inc, USA). The amount ofsample used for
the lactate determinations was the same for the
saliva and for the capillary blood specimens
(25 il). In order to reduce the variability to a
minimum and avoid any possible interferences,
the clear transparent upper layer of the saliva
samples was used for the lactate determination.
This clear layer was easily obtained after
centrifugation of the sample for a few minutes
or after letting the sample settle for 15-20 min.
To estimate the precision of the method,

duplicate analyses of the same sample were
performed in 33 specimens. To estimate the
intra-assay variability, three specimens con-
taining increasing amounts of lactate (0.3 mM,
0.7 mM, and 1.8 mM) and corresponding to
three different workloads were analysed 10
times each.
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Figure 1 Ln of the concentration of lactate in blood (V---V) and in saliva (0 --K) v the In of the power output (ln-In model) for each of the nine
individuals studied.
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group of individuals shown in fig 1. (Mean values and SD for each

To test the stability of the
samples, 30 specimens with
trations of lactate were reana

collection, having been kept
refrigerator at 40C.
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Figure 3 Degree of concordance between the lactate concentration ix
in saliva samples obtained at the same time for each work load in the

are the slopes of the two lines; (y, e) are the
coordinates of the joint point; and t is the cut-
off point which divides the dataset. These five
parameters were estimated following the algo-
rithm detailed by Vieth."
The agreement between the lactate curves

obtained from blood and saliva samples in the
estimation of the lactate threshold was meas-
ured by means of the concordance correlation
coefficient.'3. A 95% confidence interval for
this parameter was estimated to test the ability
of the new saliva based method to reflect the
threshold values obtained with the classical
blood based procedures.

Results
As can be seen in fig 1, there was a good corre-
lation for each individual, on each workload

T step, between the concentration of lactate in
250 R.3' R.6' R.9' the saliva samples and in the blood capillary

samples. There was also a very good correla-
utin the tion for the whole group of individuals between

workload.) the mean lactate values in saliva and in
capillary blood for each increasing workload

lactate in the saliva (fig 2).
l different concen- When applying the two phase linear
Llysed 40 days after regression equation to the blood and saliva lac-
in the interval in a tate response to increasing workloads, there

was a linear relation between the natural loga-
rithm (In) of the lactate concentration and the
log of the power output with a defined slope, in

linear regression aerobic conditions. This relation showed a
-tate response to markedly different slope when the metabolic
ling to the log-log activity moved into progressively anaerobic
,e used this model conditions, the changeover point in the slopes
tilable to define the of the two regression lines determining the lac-
ie between mainly tate threshold (LT) or anaerobic threshold
bolism. (AT). This model was tested against a single
overall regression straight line model and a significant improve-
cter, may be writ- ment was found (P < 0.0001). The lactate val-

ues observed in blood samples and in saliva

= 1,. X samples show a high degree of concordance (r
= +.. n = 0.813, P < 0.05, 95% confidence interval

C + 13 ............ n 0.49 to 0.96) (fig 3) The absolute lactate values
+1 <.....<xn are the were lower in the saliva than in the blood sam-
)ut power, and y1's ples but they followed a parallel evolution
itrations; 01 and P2 along with the increasing work rate. It is worth

noting that the "inflexion" points in the lactate
curves constructed from values obtained in the
blood are very similar to those obtained from

74 4. saliva samples, suggesting that this fluid can be
used as an alternative to blood sampling in the

3 9 estimation of the lactate or anaerobic thresh-
9 2 S 8 old.

,v13 8 .. 5 The amount of saliva collected during the 30
3 *.*** ~s intervals between each workload step was

6 quite large, with a mean value of 3.8 ml, and a
range between 2 and 6 ml. Thus, if desired,
multiple determinations can be performed on
the same sample and-as shown below-after
a long period of time has elapsed from the col-
lection day. No problems were encountered
during the collection of the samples or
afterwards.

Lactate appeared to be very stable in the
I I saliva samples for up to 40 days after

0.80 0.90 1.00 collection, the values observed in 30 specimens
being almost identical to those obtained in the

n capillary blood and fresh samples (the variation being mainly due
? nine subjects studied. to the instrumental variability). In our hands,
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the precision of the method-tested by repeat-
edly (n = 10) analysing three different saliva
samples, corresponding to three different
workloads and with increasing concentrations
of lactate (mean values: 0.303 mM, 0.697
mM, and 1.791 mM)-was shown to be very
good (table). A coefficient of correlation of
0.997 for values obtained by duplicate analyses
in 33 saliva specimens was obtained, with no
significant differences between repeated deter-
minations analysed by the Student test for
paired observations.

Discussion
Saliva has been used as a diagnostic tool in
many clinical situations in which it has
provided valuable information about the bio-
chemical, metabolic and functional status of
the individual.'4

Saliva sampling has the advantage over
venous or capillary sampling that is less stress-
ful, sparing the uncomfortable and sometimes
traumatic experience of repeated venepunc-
tures or skin prickings. It also does not require
special training and offers the possibility of the
subjects collecting their own samples, saving
technicians' time and thus making the whole
procedure convenient and economical. These
features make repeated sampling more accept-
able to the individual, allowing a more detailed
and accurate estimation of the biochemical
changes related to a particular exercise test,
particularly in field studies.

Because of the absence of blood cells in the
sample, which could induce changes in the lac-
tate concentration, it is not necessary to
separate the liquid from the cellular and other
solid constituents of saliva after the collection
of the specimen. The lactate values of the indi-
vidual saliva samples remained practically con-
stant for up to 40 days after collection.
The concentration of lactate in saliva is sev-

eral times lower than in plasma, corresponding
to approximately 15% of that observed in
blood samples obtained at the same time from
the ear lobe. However, the rate of change in the
saliva lactate with increasing workloads paral-
leled that observed in the plasma, though with
lower values, in a manner similar to that
described for other plasma components such
as like cortisol.'5 There thus appears to be a
good correlation between the concentration of
lactate in saliva and that in plasma collected at
the same time. Moreover the curves con-
structed from lactate values obtained from
saliva and from capillary blood show very simi-
lar inflexion points (fig 2), although the slopes
of the blood lactate curves are steeper than
those corresponding to the lactate in saliva..
We resorted to chemical stimulation of

salivary secretion with the aim of achieving the

Precision of the lactate measurement in saliva (repeated determinations (n=10) in three
samples)

Sample I Sample 2 Sample 3

Mean (range) 0.303 mM 0.696 mM 1.791 mM
(0.29-0.31 mM) (0.68-0.71 mM) (1.78-1.81 mM)

SD 0.0067 0.0083 0.0119
CV 2.2% 1.2% 0.7%

CV, coefficient of variation.
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Figure 4 Evolution of lactate concentrations in blood and
in saliva samples obtained after mechanical (chewing gum)
or chemical (citric acid) stimulation ofsaliva flow.

highest possible flow rate, as it is known that
the composition of saliva is closest to that of
plasma when the rate of secretion is increased
to a maximum.'2 At low flow rates, more time is
given for the removal of ions and the "remod-
elling" of the primary fluid, while at higher
rates of flow, less time is available for this
elaboration, in which case the composition of
the saliva is closer to that of plasma.

In order to minimise any possible interfer-
ences in the process of transference of lactate
from blood to saliva, and with the additional
objective of achieving a more homogeneous
salivary flow rate, we stimulate the production
of saliva using a dilute solution of citric acid
which interacts with taste receptors in the
tongue and other receptors in the oral mucosa.
In the few experiments in which we resorted to
mechanical stimulation of saliva secretion
(chewing gum) the values obtained were very
erratic, with a lesser degree of correlation
between the samples obtained in the saliva and
those obtained at the same time in capillary
blood samples (fig 4). Because the pH values of
stimulated saliva remain within a relatively
narrow range, whereas those of unstimulated
saliva are more variable, the saliva to plasma
lactate ratio should be expected to be more
constant after chemical stimulation with citric
acid.
The results obtained in our experiments

show that the determination of lactate in saliva,
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Anaerobic metabolism from lactate in saliva 309

using the same methods that are used for
measuring lactate in blood samples, can be
used as an alternative in the assessment of the
response of the individual to increasing work-
loads and in the evaluation of some of the
metabolic changes that take place during the
performance of physical exercise. However, we
cannot be certain that the pattern of saliva lac-
tate response that we have observed following
the exercise protocol described in this paper
applies to exercises performed following other
protocols in which the work rate may change
more rapidly.
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