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         Changes in the Salivary Biomarkers Induced by an 
Eff ort Test    

 [21,   30] . Previous studies have shown that a sali-
vary threshold exists beyond which a continuous 
increase in these analytes may serve as a salivary 
biomarker of exercise intensity  [4,   6,   9] . 
 Activity of the sympathetic nervous system 
increases progressively with intensity of exercise 
 [32] , altering some salivary components 
 [3,   10,   38] . Bortolini et   al.  [4]  investigated whether 
the total protein concentration of whole saliva 
(TPWS) refl ects the anaerobic threshold during 
an incremental exercise test, and they observed a 
profound correlation between the total salivary 
protein threshold (PAT) and the BLT. Analysis of 
salivary proteins in rat parotid saliva revealed 
that the protein content in the parotid is mark-
edly infl uenced by the type of stimulation (sym-
pathetic or parasympathetic) used to induce 
secretion  [1] . 
 It has been proposed that salivary alpha-amylase 
(sAA) activity is regulated by the sympathetic-
adrenal medullary (SAM) system through the 
action of norepinephrine on the salivary glands 
 [8,   34,   40] . Activity of sAA increases in response 

 Introduction 
  ▼  
 Traditional biochemical approaches for studying 
individual proteins have provided structures and 
functions of a number of major salivary proteins. 
However, many salivary proteins and their func-
tions remain uncharacterized  [17] . Physical exer-
cise induces biochemical changes in the body, 
which modify blood and saliva analytes among 
other body fl uids  [2,   10,   18] . Based on these 
observations, analyzing changes in the salivary 
protein profi le may help to identify novel biomar-
kers for work load, recovery and injury. 
 Measuring salivary analytes ,  such as total pro-
tein, alpha-amylase, electrolytes, lactate, cortisol 
and catecholamines may represent a noninvasive 
method to determine the relationship between 
intensity of exercise and the blood lactate thresh-
old (BLT)  [4,   6,   9] . The BLT is characterized by the 
transition from a linear to an exponential increase 
in blood lactate concentration, and its measure-
ment has been of great use in both experimental 
and routine studies of physical performance 
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  Abstract 
  ▼  
 Physical exercise induces biochemical changes in 
the body that modify analytes in blood and saliva 
among other body fl uids. This study analyzed the 
eff ect of an incremental eff ort test on the salivary 
protein profi le to determine whether any specifi c 
protein is altered in response to such stress. We 
also measured thresholds of salivary alpha amy-
lase, total salivary protein and blood lactate and 
searched for correlations among them. Twelve 
male cyclists underwent a progressive test in 
which blood and saliva samples were collected 
simultaneously at each stage. The salivary total 
protein profi le revealed that physical exercise 
primarily aff ects the polypeptide corresponding 
to salivary alpha-amylase, the concentration of 

which increased markedly during the test. We 
observed thresholds of salivary alpha-amylase 
(sAAT), total salivary protein (PAT) and blood 
lactate (BLT) in 58    % , 83    %  and 100    %  of our sam-
ple, respectively. Pearson ’ s correlation indicates 
a strong and signifi cant association between 
sAAT and BLT (r    =     0.84,  p     <    0.05), sAAT and PAT 
(r    =     0.83,  p     <    0.05) and BLT and PAT (r    =     0.90, 
 p     <    0.05). The increased expression of the sali-
vary alpha-amylase (sAA) polypeptide suggests 
that sAA is the main protein responsible for the 
increase in total protein concentration of whole 
saliva. Therefore, monitoring total protein con-
centration is an effi  cient tool and an alternative 
noninvasive biochemical method for determin-
ing exercise intensity.         
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to exercise on a treadmill  [12] , running  [24,   33]  and cycling 
 [8,   37] . Furthermore, sAA assessment has been proposed as a 
useful tool for evaluating psychological stress  [13,   25,   35,   36] . 
Under exercise-induced stress, sAA activity increases faster than 
blood cortisol levels, and it declines rapidly after removal of the 
stress factor  [22] . Despite widespread studies of alterations in 
cortisol levels under diff erent stress conditions, this and recent 
studies have indicated sAA activity as a marker of exercise-
induced stress  [8,   39] . 
 The goal of this study was to analyze the eff ect of an incremental 
eff ort test on the salivary protein profi le and to determine 
whether any specifi c protein was altered in response to such 
stress. We also measured salivary alpha-amylase threshold 
(sAAT), PAT and BLT and searched for correlations among them.   

 Methods 
  ▼   
 Subjects 
 Twelve national-contending Caucasian male cyclists participated 
in the study. The average (    ±     SD) age, height and mass of the par-
ticipants was 22.62    ±    3.51 years, 1.78    ±    0.21   m and 71.80    ±    5.76   kg, 
respectively. Blood biochemical analyses had been previously 
carried out to obtain a baseline health status of the participants. 
None of the athletes was using pharmaceuticals, anabolic ster-
oids or tobacco at the time of the study. 
 The subjects, familiar with the laboratory conditions and testing 
procedures, were asked to limit their physical activity and 
abstain from stimulating (coff ee, guarana, etc.) or dye-contain-
ing substances for 24   h before the test. Participants were asked 
to drink about two liters of water on the day preceding the test 
to avoid dehydration during the day of the test. They were also 
advised to have their last meal at least two hours before the test 
procedures. 
 Participants signed a consent form to indicate their awareness of 
all procedures that would be carried out during and after the 
test. The experimental protocol began only after it was submit-
ted to and approved by the Ethical Human Research Committee 
(decision no. 140 / 04) at the Federal University of Uberlandia, 
Brazil. The study meets the ethical standards of the IJSM  [15] .   

 Procedures 
 The tests were carried out on a cycle-ergometer (ERGO-FIT 167, 
Pirmasens, Germany) between 15:00 and 17:00   h at a room 
temperature maintained between 24 and 26    °    C. Participants 
engaged in stretching exercises and a brief 2   min warm-up on 
the cycle-ergometer with no load before the test started. Heart 
rate was measured continually with a cardiac monitor (Polar 
Electro Oy, Kempele, Finland). The test began with a 50   W load, 
which was increased 25   W every two minutes up to exhaustion. 
The pedal rotation frequency was kept between 68 and 75   rpm. 
 Saliva was stimulated by chewing gum and collected by the spit 
method  [23] . Participants were required to perform oral asepsis 
before the test procedures to avoid contamination of the sam-
ples with cellular debris and other materials. Subjects drank 
400   mL of water before the test and were not allowed to drink 
more water during the test. Saliva was collected immediately 
before the exercise (at rest), at the end of every stage, at which 
time the exercise load was increased, and in the 5 th  and 15 th  
minutes after voluntary exercise interruption (upon exhaus-
tion). Saliva samples were placed in pre-cooled (4    °    C) mini-tubes 
and kept on ice until centrifuged at 12   000   g (4    °    C). Sediment was 

discarded and the supernatant frozen at     −    20    °    C until the day of 
analysis. All analyses were carried out in duplicate. The superna-
tant was probed for TPWS content by the Coomassie Brilliant 
Blue-R 250 method  [5]  and sAA activity was measured by the 
kinetic method at 405   nm, using as substrate 2-chloro-p-nitro-
phenyl- α -D-maltotrioside (CNP-G3) following the manufactur-
er ’ s protocol (Amylase 405, liquid line, Wiener Lab, Argentina). 
 Unidimensional sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) was carried out as previously described 
 [20]  using minigels with a 5 – 22    %  polyacrylamide gradient. The 
same amount of protein (3    μ g) was introduced into each lane of 
the gel. Identifi cation of the sAA polypeptide was based on its 
migration within the gel in relation to polypeptides of known 
molecular mass (46 – 60   kDa), according to  [29] . The sAA polypep-
tide was also visualized by western blot immunodetection. The 
relative intensity of sAA polypeptide in each stage of the pro-
gressive test was quantifi ed by gel densitometric analysis using 
the Image Master VDS version 2.0 software, and the results were 
expressed as the integrated optical density (IOD). 
 For the immunodetection of sAA by western blotting, saliva 
samples were electrophoretically transferred to a nitrocellulose 
fi lter and probed with polyclonal antibody to human sAA (Sigma-
Aldrich, St. Louis, USA)  [34] . The immunoreactive polypeptide 
was revealed using the chromogenic NBT / BCIP assay. The broad 
range protein molecular weight standard consisted of a marker 
with nine clearly identifi able bands (Promega, Madison, USA). 
 Capillary blood (25    μ L) obtained from the earlobe was collected 
in mini-tubes containing 50    μ L of 1    %  NaCl, stored on ice for     <    3   h, 
and frozen at     −    20    °    C until analysis. Blood lactate (BL) was ana-
lyzed using an electro-enzymatic method (Lactate Analyzer YSI 
1   500 Sport, Yellow Springs, USA). A computerized automated 
method based on a bisegmented regression model was used to 
determine thresholds  [16] . The model allowed us to identify 
thresholds of all variables examined in this study.   

 Statistical analysis 
 Normality among BL, TPWS concentrations and sAA for each 
parameter were calculated by the Kolmogorov test. All data are 
expressed as the mean    ±    SD. Statistical diff erences were deter-
mined using One-way ANOVA and Tukey ’ s post-hoc test. Correla-
tion analysis was performed by Pearson ’ s method. For all 
analyses, P    <    0.05 was considered to be statistically signicant.    

 Results 
  ▼  
 Physical exercise altered the 1D electrophoresis profi le of sali-
vary total protein mainly by increasing the concentration of the 
polypeptide corresponding to sAA (      ●  ▶      Fig.   1a  ). This response was 
observed in all samples of saliva collected despite subject-to-
subject variations present in salivary protein profi les. Immuno-
blots of total saliva probed with human anti-alpha-amylase 
identifi ed a polypeptide with a molecular mass of approximately 
51   kDa corresponding to sAA (      ●  ▶      Fig.   1b  ). The intensity of the 
stained protein band increased with each increment of exercise 
load, suggesting increased secretion of the polypeptide. The 
intensities of the sAA bands observed after each stage of the test 
were quantifi ed by densitometric analysis (      ●  ▶      Fig.   1c  ), revealing 
diff erences ( p     <    0.05) between the intensity of alpha-amylase 
collected immediately before and during the last stage of exer-
cise (exhaustion), as well as fi ve and fi fteen minutes after its 
conclusion. 
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 We observed sAAT, PAT and BLT in 58    % , 83    %  and 100    %  of our 
sample, respectively. Pearson ’ s correlation indicates a strong and 
signifi cant association among these variables during the incre-
mental eff ort test (      ●  ▶      Fig. 2  ). The average duration of the entire 
test was twenty-four minutes. 
 Analysis of TPWS and BL concentrations, as well as sAA activity, 
revealed that all these parameters increased from the resting 
state to the point of exhaustion and then decreased after the end 
of the eff ort test. A one-way ANOVA test revealed signifi cant dif-
ferences at the moment of exhaustion in relation to resting con-
ditions, exhaustion in relation to post-exercise and post-exercise 
in relation to resting conditions for TPWS and BL concentrations 
( p     <    0.01) and for sAA activity ( p     <    0.05). It should be noted that 
TPWS, BL and sAA values declined signifi cantly 15   min after the 
end of the eff ort test (      ●  ▶      Fig. 3  ).   

 Discussion 
  ▼  
 The salivary protein profi le changed during the eff ort test, with 
a notable increase in the concentration of alpha amylase 
polypeptide. The PAT, sAAT and BLT were also determined and 
found to be correlated. After the end of the test, all biochemical 
parameters returned to resting levels within 15   min, except for 
blood lactate, which remained at an intermediate level between 
rest and exhaustion. 
 The electrophoretic profi le of salivary proteins revealed a signifi -
cant increase in the concentration of alpha-amylase during the 
incremental eff ort test. A possible mechanism for such an increase 
is the release of sAA stored in membrane-bound secretory gran-
ules via exercise-induced activation of the beta receptor  [7] , which 
can increase sympathetic activity and alter salivary gland secre-
tion  [30] . It is unlikely that an increase in  de novo  synthesis of alpha 
amylase could account for this boost in sAA levels as there would 
be insuffi  cient time for biosynthesis and secretion of the enzyme. 
 Other authors have reported that increases in salivary protein con-
centration are associated with dehydration  [38]  and parasympa-

thetic withdrawal leading to decreased salivary fl ow  [14] . Our data 
from the electrophoretic profi le, which was carried out using sam-
ples of similar protein concentrations instead of equivalent vol-
umes, indicates that alterations in TPWS caused by exercise are 
directly related to alpha-amylase since other salivary proteins 
were not altered. A previous study showed the relative independ-
ence of sAA secretion from changes in saliva fl ow rate  [26] , thus 
eliminating the infl uence of dehydration, evaporative loss of sali-
vary water and parasympathetic withdrawal in our results. 
 A possible biological role for this response is that, during exer-
cise, sAA activity may provide a protective eff ect against infec-
tion, since this enzyme has been shown to inhibit bacterial 
attachment to oral surfaces  [27] . This may be a compensatory 
response to the lowering of immunoglobulin A (IgA) after intense 
exercise as previously reported  [11] , although we did not observe 
alterations in the corresponding molecular weight band to IgA. 
 In agreement with our results, it has been suggested  [4,   6,   10]  
that alpha-amylase in saliva strongly correlates with lactate 
threshold. We also observed a correlation between BLT and PAT. 
These changes in salivary total protein concentration might have 
been elicited in response to sympathetic activation, and we 
speculate that they also aff ect blood lactate concentration, which 
may explain the correlation between salivary and lactate thresh-
olds  [21] . Previous work measured lactate in saliva  [28]  as an 
alternative to its measurement in blood  [31] , but one disadvan-
tage of this technique is that oral mucosa is bacteria-rich, and 
once exposed to air, bacteria produce lactate because of the 
inactivation of pyruvate formate-lyase, which catalyzes the fi rst 
step of pyruvate conversion to formate, acetate and ethanol  [19] . 
Such a scenario could render this method inaccurate for deter-
mining exercise-induced lactate production. 
 It is clear that physical exercise induces acute alterations in sAA 
activity, TPWS and BL concentrations. These parameters 
increased considerably from the resting state to the last stage of 
exercise then returned rapidly to pre-test levels 15   min after 
conclusion of the test.   

MW Rest 50 75 100 125 150 175 200 205 250 P-5th P-15th

97 100

55

40
25

MW

sAA

IO
D

Work rate (W)

*

*

*

S

66

45
29

21

260

c

a b

240

220

200

180

160

140

120

100
Rest 50 75 100 125 150 175 200 225 250 P-5thP-5th P-15th

    Fig. 1           Electrophoresis pattern of total 
saliva protein during incremental exercise, 
immunodetection and densitometric analysis 
of human salivary alpha-amylase. ( a ) Digitized 
image of gel stained with Coomassie Blue-R 250 
containing 3    μ g of salivary total protein per lane, 
corresponding to each stage of the exercise in 
watts (Rest, 50, 75, etc.). P5 and P15 represent 
samples collected during the 5 th     and 15 th     minute 
post-exercise. Arrow indicates alpha amylase. 
MW indicates the protein standards used, and 
their respective relative molecular masses are 
indicated by the numbers to the left of the 
gel; ( b ) Immunoblotting of total saliva probed 
with anti-human salivary alpha-amylase (sAA) 
antibody; the strongest staining polypeptide 
in the gel electrophoresis as alpha-amylase; 
( c ) Increase in the mean values and standard 
deviations (    ±    SD) (n    =    8) of the densitometric 
analysis of salivary alpha-amylase concentration, 
expressed in watts (W), at each stage of exercise 
and post-exercise (P5 and P15). ( *    ) indicates 
diff erence from rest ( p     <    0.05).  
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 Conclusion 
  ▼  
 Our fi ndings suggest that BL, TPWS and sAA were altered due to 
exercise in a manner directly correlated to exercise load. The 
saliva as a potential source of exercise noninvasive biomarkers 
off ers less of a biohazard to both donor and collector than blood. 
Increased expression of sAA polypeptide during the incremental 
eff ort test suggests that sAA is the main protein responsible for 
the increase in TPWS concentration. Due to its relative simplic-
ity, monitoring TPWS is an effi  cient method for determining 
exercise intensity when compared to measuring sAA activity. 
Further research is needed to evaluate whether such salivary 
biomarkers would have a shift in their curve in chronic response 
to physical exercise.          
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