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lactoferrin, although secretion rates did not differ between 
the groups. Highly fit cyclists did, however, exhibit greater 
post-exercise increases in the concentration and/or secre-
tion of a majority of measured sAMPs (percentage differ-
ence between highly fit and less fit in parentheses), includ-
ing α-amylase concentration (+107 %) and secretion 
(+148 %), HNP1–3 concentration (+97 %) and secretion 
(+158 %), salivary SIgA concentration (+181 %), lactofer-
rin secretion (+209 %) and LL-37 secretion (+138 %).
Conclusion We show for the first time that fitness level 
is a major determinant of exercise-induced changes in 
sAMPs. This might be due to training-induced altera-
tions in parasympathetic and sympathetic nervous system 
activation.

Keywords Innate mucosal immunity · Salivary 
antimicrobial proteins · Exercise intensity · Fitness · 
Exercise training

Abbreviations
sAMP  Salivary antimicrobial protein
URTI  Upper respiratory tract infection
SIgA  Secretory Immunoglobulin A
HNP  Human neutrophil peptide
BLT  Blood lactate threshold
RPM  Revolutions per minute
RPE  Rating of perceived exertion
ANOVA  Analysis of variance

Introduction

The upper respiratory tract (URTI) is protected by an array 
of salivary antimicrobial proteins (sAMPs) that act as a first 
line of defense against invading microorganisms. sAMPs 

Abstract 
Purpose Salivary antimicrobial proteins (sAMPs) protect 
the upper respiratory tract (URTI) from invading micro-
organisms and have been linked with URTI infection risk 
in athletes. While high training volume is associated with 
increased URTI risk, it is not known if fitness affects the 
sAMP response to acute exercise. This study compared the 
sAMP responses to various exercising workloads of highly 
fit experienced cyclists with those who were less fit.
Methods Seventeen experienced cyclists (nine highly 
fit; eight less fit) completed three 30-min exercise trials 
at workloads corresponding to −5, +5 and +15 % of the 
individual blood lactate threshold. Saliva samples were col-
lected pre- and post-exercise to determine the concentration 
and secretion of α-amylase, human neutrophil proteins 1–3 
(HNP1–3) lactoferrin, LL-37, lysozyme, and salivary SIgA.
Results The concentration and/or secretion of all sAMPs 
increased post-exercise, but only α-amylase was sensi-
tive to exercise workload. Highly fit cyclists had lower 
baseline concentrations of α-amylase, HNP1–3, and 
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range from small cationic peptides to larger polypeptides 
and proteins and are typically secreted by phagocytes, epi-
thelial cells and salivary glands (Bartlett et al. 2008; Davi-
son et al. 2009; Doss et al. 2010; Radek and Gallo 2007; 
West et al. 2006). The sAMPs play a pivotal role in main-
taining mucosal immune integrity (Allgrove et al. 2008; 
Bals and Hiemstra 2004; Papacosta and Nassis 2011; West 
et al. 2006) by working synergistically to curtail invading 
bacteria, viruses, and fungi (De Smet and Contreras 2005; 
Radek and Gallo 2007; West et al. 2006) and are vital in 
both the prevention and clearance of many types of infec-
tion (Bowdish et al. 2005; Davison et al. 2009; West et al. 
2006). In particular, infections of the oral cavity and URTI 
are associated with depressed levels of sAMPs (Table 1) 
(Bartlett et al. 2008; Bishop and Gleeson 2009; Dale et al. 
2006; Doss et al. 2010; Laube et al. 2006; Putsep et al. 
2002; Tanida et al. 2003; Tao et al. 2005; Ueta et al. 2000; 
West et al. 2006), highlighting their prominent role in first-
line immune defense.

Maintaining mucosal immune integrity is of particular 
interest to elite-level endurance athletes to limit the inci-
dence of URTIs that can have detrimental effects on com-
petition and training. Indeed, periods of intense, frequent, 
endurance-based training have consistently been associ-
ated with self-reported symptoms of URTI in elite-level 
athletes (Gleeson 2000; Gleeson et al. 1999; Gleeson and 
Pyne 2000; Nieman 2000). Low levels of salivary secre-
tory immunoglobulin A (SIgA) have been linked with an 
increased risk of URTI (Fahlman and Engels 2005; Glee-
son et al. 1999, 2012; Hanson et al. 1983; Neville et al. 
2008) and prolonged, high-intensity exercise bouts lower 
both the concentration and secretion of salivary SIgA 
(Fahlman et al. 2001; Nieman et al. 2006; Steerenberg et al. 
1997; Tomasi et al. 1982; Usui et al. 2011). On the other 
hand, shorter exercise bouts, or low to moderate-intensity 
exercise, may actually increase salivary SIgA concentration 
and secretion (Allgrove et al. 2008; Li and Gleeson 2004), 
indicating that mucosal immune integrity, and indeed URTI 
risk, is dependent on the duration and intensity of the exer-
cise performed. Although the effects of exercise on sali-
vary SIgA have been well studied, relatively little is known 
about the effects of exercise on other sAMPs. Small cati-
onic peptides present in saliva are primarily classified into 
two groups: the human defensins, which include human 
neutrophil peptides (HNP) 1–4 and human defensins 5 
and 6, and the cathelicidins, which include LL-37 (Davi-
son et al. 2009; Doss et al. 2010; Radek and Gallo 2007). 
Lactoferrin and lysozyme are larger sAMPs and are some 
of the most highly concentrated proteins found in saliva 
(Bartlett et al. 2008; Bishop and Gleeson 2009; West et al. 
2006), while α-amylase, in addition to its antimicrobial 
properties, is considered to be a marker of sympathetic 
nervous system activation and has been shown to correlate 

with anaerobic threshold (Allgrove et al. 2008; Bishop and 
Gleeson 2009; Calvo et al. 1997; Chatterton et al. 1996).

Davison et al. (2009) found that the concentration and 
secretion rates of LL-37 and HNP1–3 were significantly 
greater following a single bout of prolonged exercise at 
an intensity corresponding to 55–65 % of V̇O2max. Addi-
tional studies examining the relationship between exercise 
and sAMPs have yielded similar results, demonstrating sig-
nificant increases in the concentration and/or secretion of 
total salivary protein, α-amylase, salivary SIgA, lactoferrin, 
lysozyme, human β-defensin-2, and LL-37 following acute 
bouts of exercise (Allgrove et al. 2008; de Oliveira et al. 
2010; Gillum et al. 2014; Usui et al. 2011; Walsh et al. 
1999; West et al. 2010); however, this exercise-induced 
response appears to be dependent on exercise intensity and/
or duration. While Allgrove et al. (2008) showed significant 
increases in α-amylase and lysozyme secretion following 
~22 min of exercise at 75 % V̇O2max and after an incre-
mental effort test to exhaustion, no change in these sAMPS 
was found after 22 min of exercise at 50 % V̇O2max. West 
et al. (2010) also reported significant increases in concen-
trations of lactoferrin and lysozyme following maximal 
exercise, but not submaximal exercise. Taken together, 
these findings would indicate that the secretion rates of 
sAMPs following an acute bout of exercise are intensity-
dependent; however, no studies have examined the effects 
of various workloads on the concentrations and secretion 
of HNP1–3 or LL-37, nor have any studies specifically 
examined the effects of exercise on sAMPs at intensities 
that would typically be practiced by experienced cyclists. 
Moreover, although previous studies have compared rest-
ing sAMP levels between trained and untrained participants 
(West et al. 2010), it is not known how fitness affects the 
changes in the concentration and secretion of sAMPs in 
response to various intensities of exercise.

Using a cohort of experienced cyclists and intensities of 
exercise typically practiced by competitive cyclists during 
training, the aim of this study was to determine the impact 
of fitness on the concentration and secretion of a variety of 
sAMPs (Table 1) in response to a single bout of exercise at 
varying workloads. It was hypothesized that higher work-
loads would elicit greater sAMP responses to exercise in an 
intensity-dependent manner and that the magnitude of this 
response would be affected by subjects’ fitness levels.

Methods

Subjects

Seventeen healthy, experienced cyclists were recruited for 
this study. Subject characteristics are provided in Table 2. 
All subjects reported participating in road cycling events 
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(i.e., group rides and organized races) at least three times 
per week for a minimum period of 12 months. Cyclists were 
required to be non-smokers between the ages of 18 and 44 
and were asked to abstain from alcohol, caffeine, and stren-
uous physical activity for 24 h prior to the trials. To ensure 
proper hydration, subjects were asked to drink plenty of 
water the day before the trial and 250–350 mL of water the 
morning of each trial (Sawka et al. 2007). Further, subjects 
did not report to be taking any medications known to affect 
the immune system and were instructed to discontinue vita-
min/mineral supplementation at least 4 weeks prior to par-
ticipating in the study. Compliance was confirmed verbally 
with subjects upon arrival to the laboratory. Questionnaires 
including a medication log, a brief medical history ques-
tionnaire, cycling history and the ACSM/AHA pre-exercise 
readiness questionnaire were administered to determine 
eligibility and adequate cycling experience. Written pro-
cedures and participation risks were provided to the sub-
ject and were explained orally prior to enrollment. Written 
informed consent was obtained from each subject. All pro-
cedures were approved by the Committee for the protection 
of human subjects at the University of Houston.

Experimental design

Subjects performed four exercise trials on separate days, 
beginning with a lactate threshold test and followed by 
three 30-min steady-state trials at −5, +5, and +15 % of 
blood lactate threshold (BLT). All tests were performed at 
the same time of day and the steady-state trials were per-
formed in randomized order. Each trial was performed 
using subjects’ personal road bicycles mounted to an indoor 
cycle ergometer (Computrainer Lab, Racermate, Inc., Seat-
tle, WA). A minimum of 2 days and a maximum of 3 weeks 
were allowed between trials.

Blood lactate threshold test

All subjects completed an incremental discontinuous 
cycling test to determine the individual BLT. Prior to the 

test, resting capillary blood samples were collected from the 
earlobe to determine resting blood lactate concentration. All 
blood lactate concentrations were determined in duplicate 
using an automated pre-calibrated analyzer (P-GM7 Micro-
Stat, Analox Instruments, London, UK). After a 10-min 
warm-up (cycling against no resistance) and calibration of 
the ergometer, subjects began the protocol, which consisted 
of 3-min incremental stages. Initial workload and incre-
ments were dependent on subjects’ fitness levels and ranged 
from starting workloads of 50–100 W and increments of 
20–25 W. Subjects were instructed to maintain steady, com-
fortable revolutions per minute (RPM) throughout the test. 
Heart rate and breath-by-breath metabolic data (V̇O2, V̇CO2

, ventilation and respiratory exchange ratio) were meas-
ured continuously using a metabolic cart (Quark CPET, 
Cosmed, Rome, Italy). Rating of perceived exertion [RPE; 
Borg, 6–20 scale, (Borg 1973)] was recorded during the last 
30 s of each stage and subjects were asked to stop pedal-
ing at the end of the 3-min stage to allow a capillary blood 
sample to be collected from the earlobe. The blood sample 
was processed immediately for the determination of blood 
lactate concentration. The test was terminated one incre-
mental stage after attaining a blood lactate concentration of 
>4 mM. The power output corresponding to the BLT was 
determined visually using the breakpoint method defined by 
Weltman (1995). Briefly, blood lactate concentration (mM) 
was plotted against power (watts), with the threshold being 
determined as the power output corresponding to the break-
point where a curvilinear rise in blood lactate concentration 
is first observed (Weltman 1995).

Main exercise trials

Three steady-state continuous exercise trials of differing 
workloads were completed on separate days in randomized 
order. Subjects were blinded to the order of trials and their 
power output and physiological responses during each exer-
cise trial. The steady-state exercise protocols required sub-
jects to maintain a workload (power output) corresponding 
to −5, +5, and +15 % of his/her previously identified BLT 

Table 2  Descriptive statistics for all subjects and for Lo and Hi fitness groups

Data are expressed as mean ± SD

* Significantly different from Lo fitness group (p < 0.05)

All subjects (n = 17;  
4 females, 13 males)

Lo fitness (n = 8;  
1 female, 7 males)

Hi fitness (n = 9;  
3 females, 6 males)

p value

Age (years) 31 ± 5 31 ± 6 31 ± 4 0.887

Mass (kg) 71.8 ± 8.4 74.5 ± 7.5 69.4 ± 8.8 0.227

Height (cm) 176 ± 8 175 ± 8 177 ± 9 0.603

Power output at BLT (W) 187 ± 48 154 ± 38 216 ± 36* 0.004

W/kg at BLT 2.61 ± 0.65 2.05 ± 0.38 3.11 ± 0.38* 0.000
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for 30 min. Subjects began the test after a 10-min warm-up 
and calibration of the ergometer (set to the same calibration 
as was used for the BLT test). Subjects were instructed to 
cycle at the same cadence maintained during the BLT test 
and the RPM were recorded every 5 min. Heart rate and 
breath-by-breath metabolic data were measured continu-
ously, and RPE was reported every 5 min. Capillary blood 
samples were collected from the earlobe every 10 min for 
the analysis of blood lactate concentration. Values for heart 
rate, V̇O2, RPE, and blood lactate concentration were aver-
aged over each trial. The percent of maximum heart rate for 
each trial was calculated using the average heart rate and 
the equation 191.5–0.007 × age2 proposed by Gellish et al. 
(2007) for predicting maximum heart rate.

Saliva collection

Saliva was collected before and immediately after (within 
5 min) each of the three main exercise trials. Subjects 
rinsed their mouths with a small cup of water 2–5 min 
prior to collection. Subjects were then instructed to pas-
sively drool into a sterile collection cup for 2 min, tilting 
the head slightly forward while minimizing facial move-
ments. Every 20 s, the subjects were instructed to expec-
torate any remaining saliva that had pooled in the mouth. 
Samples were immediately stored at −80 °C for subse-
quent analysis. For determination of flow rate, each empty 
collection cup was weighed to the nearest mg prior to saliva 
collection. Following collection, the collection cup was 
reweighed. The density of saliva was assumed to be 1.00 g/
mL. The difference between the pre- and post-collection 
weight was then divided by the collection time to yield the 
amount of saliva (in mL) produced per minute (salivary 
flow rate).

Determination of salivary α-amylase, HNP1–3, lactoferrin, 
LL-37, lysozyme, and salivary SIgA

Saliva samples were thawed once, centrifuged at 15,000 g 
for 2 min and the supernatants removed for determination 
of analytes. ELISA kits were used to measure the concen-
trations of HNP1–3, lactoferrin, LL-37, lysozyme, and 
salivary SIgA, and a kinetic enzyme assay kit was used 
to measure α-amylase activity. HNP1–3, lactoferrin, and 
LL-37 kits were purchased through Hycult Biotech, Uden, 
Netherlands (HK317 Human HNP1–3; HK329 Human 
Lactoferrin; HK321 Human LL-37); salivary SIgA and 
α-amylase kits were purchased through Salimetrics, State 
College, PA, USA (salivary SIgA enzyme immunoas-
say kit; salivary α-amylase assay kit); and the lysozyme 
kit was purchased through Abcam, Cambridge, MA, USA 
(ab10880 Lysozyme Human ELISA kit). Samples were 
diluted according to the manufacturers’ instructions for 

salivary kits (salivary SIgA 1:5; α-amylase 1:200). For 
those kits designed for plasma, dilutions were deter-
mined following spike recovery and linearity of dilutions 
assays (HNP1–3 1:1,000; Lactoferrin 1:500; LL-37 1:5; 
Lysozyme 1:8,000). All samples were tested in dupli-
cate and in accordance with the manufacturers’ instruc-
tions. Absorbances were read according to manufacturer’s 
instructions (SpectraMax190, Molecular Devices, Sunny-
vale, CA, USA) and concentrations were calculated from 
the absorbance based on the generated standard curves. 
Intra-assay coefficients of variation were 3.8, 9.7, 5.5, 8.7, 
9.6, and 9.6 % for α-amylase, HNP1–3, lactoferrin, LL-37, 
lysozyme, and salivary SIgA, respectively. Secretion rates 
were determined by multiplying the concentration of each 
analyte by the flow rate (mL min−1). For determination of 
α-amylase activity, the change in absorbance over 2 min at 
37 °C was used to calculate α-amylase activity (U mL−1, 
α-amylase activity = ∆ absorbance/minutes × total assay 
volume × dilution factor).

Fitness level determination

Subjects were divided into high (Hi) and low (Lo) fitness 
groups based on their watts per kilogram body mass at BLT. 
A median split was taken and a clear division between the 
top nine and the bottom eight was observed, with the top 
nine subjects above 2.8 W/kg at BLT and the other eight 
falling below 2.6 W/kg and BLT (Table 2). All subjects 
reported cycling at least three times per week, but no other 
subjective measures of training volume were recorded.

Statistical analysis

Data analysis was performed using the SPSS statistical 
software program (version 21, SPSS Inc., Chicago, IL, 
USA). The data were tested for normality, and non-normal 
data were log-transformed to achieve a normal distribution. 
A repeated-measures analysis of variance (ANOVA) was 
used to examine differences in the physiological response 
to exercise over the three exercise intensities. The sAMP 
response to exercise was analyzed using a 2 (pre- vs. post-
exercise) × 3 (intensity) repeated-measures ANOVA, 
which examined main effects for exercise, main effects 
for intensity, and the interaction between time and inten-
sity. Post hoc paired t tests with Bonferonni adjustments 
for multiple comparisons were utilized to assess significant 
differences identified in the ANOVA. The change in sAMP 
concentration and secretion from pre- to post-exercise was 
calculated for each intensity by subtracting the pre-exer-
cise values from the post-exercise values. Given the vari-
ability in the measurement of the sAMPs, absolute change 
was used in place of percent change, as low starting val-
ues created unreasonably high percent changes, resulting in 
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multiple outliers. A repeated-measures ANOVA examining 
the main effects of intensity was performed on these calcu-
lated differences.

To examine the effects of fitness on the sAMP response 
to exercise, independent samples t tests were performed to 
compare differences in baseline values between groups. 
Both repeated-measures ANOVAs were repeated with Hi 
and Lo fitness level included as a between-subjects fac-
tor. Main effects for fitness were examined, as were the 
interaction effects between fitness and exercise. Post hoc 
independent samples Student’s t tests were performed to 
analyze between-group differences at each of the three 
intensities. All data are expressed as means and stand-
ard deviations unless stated otherwise. The F statistics for 
the main effects and for the interactions effects from the 
repeated-measures ANOVAs are reported, and statistical 
significance was set at p < 0.05.

Results

Physiological response

All subjects successfully completed the exercise proto-
cols. The physiological responses to the three trials are 
presented in Table 3. A significant (p < 0.05) main effect 
of intensity was found for all physiological variables. As 
expected, significant (p < 0.05) increases in V̇O2, percent 
of maximum age-predicted heart rate, ventilation, blood 
lactate concentration, and RPE were observed with increas-
ing workloads across the three trials. While the respira-
tory exchange ratio was not significantly different between 
the −5 and +5 % trials, it was significantly (p < 0.05) 
higher during the +15 % trial. Significant main effects 
for fitness were observed for ventilation (L min−1) and 
relative (mL min−1 kg−1) and absolute (mL min−1) V̇O2 

Table 3  Physiological responses to exercise for each of the three intensities for all subjects and for Lo and Hi fitness groups

Data are expressed as mean ± SD

* Significantly different from the −5 % trial (p < 0.05)
† Significantly different from the +5 % trial (p < 0.05)
^ Significantly different from Lo fitness group (p < 0.05)

All subjects (n = 17;  
4 females, 13 males)

Lo fitness (n = 8;  
1 female, 7 males)

Hi fitness (n = 9;  
3 females, 6 males)

−5 %

 V̇O2 (mL min−1) 2,705 ± 692 2,327 ± 487 3,083 ± 679

 V̇O2 (mL min−1 kg−1) 37.4 ± 8.6 30.7 ± 4.9 44.0 ± 5.7^

 Max HR (%) 79.8 ± 6.2 77.9 ± 7.1 81.5 ± 5.1

 Ventilation (L min−1) 68.6 ± 13.9 61.0 ± 9.3 76.3 ± 13.9

 Respiratory exchange ratio 0.885 ± 0.064 0.907 ± 0.065 0.865 ± 0.061

 Blood lactate (mM) 1.29 ± 0.69 1.53 ± 0.83 1.07 ± 0.48

 Rating of perceived exertion (RPE) 11.6 ± 1.3 11.9 ± 1.3 11.4 ± 1.4

+5 %

 V̇O2 (mL min−1) 2,995 ± 725* 2,667 ± 468 3,444 ± 735

 V̇O2 (mL min−1 kg−1) 43.0 ± 9.8* 35.4 ± 4.4 49.8 ± 8.2^

 Max HR (%) 85.5 ± 6.7* 83.7 ± 6.9 87.1 ± 6.5

 Ventilation (L min−1) 78.7 ± 14.9* 70.4 ± 9.7 87.0 ± 15.0^

 Respiratory exchange ratio 0.896 ± 0.068 0.911 ± 0.074 0.882 ± 0.065

 Blood lactate (mM) 2.16 ± 0.68* 2.34 ± 0.63 2.00 ± 0.72

 Rating of perceived exertion (RPE) 13.7 ± 1.1* 13.4 ± 0.8 14.0 ± 1.3

+15 %

 V̇O2 (mL min−1) 3,142 ± 793*,† 2,765 ± 496 3,635 ± 800

 V̇O2 (mL min−1 kg−1) 45.1 ± 10.8*,† 36.7 ± 5.0 52.5 ± 9.0^

 Max HR (%) 89.1 ± 5.6*,† 86.9 ± 6.1 90.9 ± 4.6

 Ventilation (L min−1) 92.8 ± 22.7*,† 78.8 ± 12.9 107.0 ± 22.0^

 Respiratory exchange ratio 0.929 ± 0.07*,† 0.938 ± 0.061 0.921 ± .0.086

 Blood lactate (mM) 3.98 ± 1.91*,† 3.59 ± 1.51 4.34 ± 2.23

 Rating of perceived exertion (RPE) 15.4 ± 1.6*,† 14.5 ± 1.4 16.3 ± 1.2
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(F = 8.678, p = 0.011; F = 26.706, p < 0.001; F = 5.942, 
p = 0.029, respectively), as Hi had significantly higher 
ventilation and V̇O2 values for the three trials combined. 
In examining the trials separately, Hi had significantly 
(p < 0.05) higher ventilation (L min−1) during the +5 and 
+15 % trials and significantly (p < 0.05) higher relative 
V̇O2 (mL min−1 kg−1) values at each of the three work-
loads, but the absolute V̇O2 between the two groups did not 
significantly differ (p > 0.05). Blood lactate levels, RPE, 
respiratory exchange ratio, and percentage of maximum 
heart rate, were not significantly different between the two 
groups.

Effects of exercise

Main effects of exercise (i.e., pre-exercise vs. post-exer-
cise) were observed for flow rate, indicating a significant 
decrease following exercise (Table 4). Main effects of exer-
cise were also observed in the concentration and secretion 
of a majority of the sAMPs (Table 4). Both the concentra-
tions and secretions of α-amylase, HNP1–3, lactoferrin 
and LL-37 were significantly greater (p < 0.05) following 
exercise when all three trials were examined together (main 
effects of exercise). While the concentration of lysozyme 
and salivary SIgA in the saliva increased post-exercise, 
when accounting for flow rate, the secretion of these pro-
teins was not significantly greater post-exercise (p > 0.05). 
Post hoc paired t tests were performed to determine 
whether significant changes in flow rate, concentration, 
and secretion were observed at each of the three intensities. 
Results of these post hoc tests are shown in Table 4.

Intensity effects

No significant main effects for intensity were observed 
when examining the pre- and post-exercise concentra-
tions and secretions, nor were there any significant exer-
cise × intensity interaction effects (Table 4); however, 
main effects of intensity were found when examining the 
pre- to post-exercise change in concentration for α-amylase 
(F = 5.759, p = 0.007) (Fig. 1a). Pairwise comparisons 
between the three trials demonstrated a significant dif-
ference in the change in α-amylase concentration pre- to 
post-exercise between the −5 % trial and the +15 % trial 
(p = 0.008). No effects of intensity were found for the 
changes in concentration of the other five sAMPs studied 
(Fig. 1); however, a trend toward greater increases in sali-
vary SIgA concentration at higher workloads (F = 2.040, 
p = 0.164 for main effects of intensity) was observed 
(Fig. 1f). After accounting for flow rate, no significant 
effects of intensity were found in the change in secre-
tion from pre- to post-exercise; however, trends toward 
greater changes in secretion rates at higher workloads were 

observed for α-amylase (F = 2.343, p = 0.113) and sali-
vary SIgA (F = 2.175, p = 0.131) (data not shown).

Effects of fitness

Significant main effects of fitness were observed for flow 
rate (F = 5.024, p = 0.043), with Hi exhibiting greater 
salivary flow rates. Post hoc tests revealed that the flow 
rate of Hi was significantly greater (p < 0.05) than Lo, 
both pre- and post-exercise. The change in flow rate from 
pre- to post-exercise, however, was not significantly differ-
ent between the two groups (p > 0.05). In comparing the 
baseline values between Hi and Lo, Hi had significantly 
lower concentrations of α-amylase (t = 2.302, p = 0.026), 
HNP1–3 (t = 2.633, p = 0.013) and lactoferrin (t = 3.818, 
p < 0.001). While not significant, the baseline values 
of LL-37 (t = 1.057, p = 0.297), lysozyme (t = 1.266, 
p = 0.212), and salivary SIgA (t = 0.444, p = 0.582) were 
also lower in Hi; however, when accounting for flow rate, 
the Hi and Lo groups did not differ in the secretion rates 
of any sAMPs at baseline (p > 0.05) (Fig. 2). Fitness also 
impacted the exercise response of the sAMPs. Significant 
(p < 0.05) exercise × fitness interactions were observed 
for the secretion of lactoferrin and lysozyme and for both 
the concentration and secretion of α-amylase, HNP1–3, 
and LL-37, indicating a difference in the exercise response 
between the two groups. Upon examining change from 
pre- to post-exercise, it was found that Hi had a much 
greater exercise response. Significant main effects of fit-
ness (p < 0.05) were found for the secretion of lactoferrin 
and LL-37, the concentration of salivary SIgA, and for both 
the concentration and secretion of α-amylase and HNP1–3 
(Fig. 3). As no intensity × fitness interactions were found, 
data from the three trials were collapsed to show main 
effects of fitness on the sAMP response to exercise, regard-
less of intensity (Fig. 3).

Discussion

The primary aim of this study was to investigate how fit-
ness impacts the concentration and secretion of sAMPs 
in response to 30 min of steady-state cycling at varying 
workloads. We show for the first time that fitness is a major 
determinant of sAMP responses to acute exercise. Highly 
fit cyclists demonstrated a greater exercise-induced change 
in the secretion and/or concentration of LL-37, lactofer-
rin, salivary SIgA, α-amylase and HNP1–3 compared to 
the less fit cyclists. Although resting concentrations of all 
sAMPs tended to be lower in the more fit cyclists, secretion 
rates did not differ, indicating that the lower concentrations 
of sAMPs in the highly fit cyclists were due to increased 
salivary flow rates. The concentration and secretion of all 
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Table 4  Flow rate and AMP concentration and secretion rates before (pre) and after (post) 30 min of cycling at three prescribed workloads

Pre Post Main effects F stat (p value) Interaction F 
stat (p value)

Exercise Intensity

Flow rate (mL/min) 10.5 (0.006)† 0.427 (0.657) 0.450 (0.624)

 −5 % 0.748 ± 0.369 0.678 ± 0.356

 +5 % 0.749 ± 0.417 0.640 ± 0.375

 +15 % 0.733 ± 0.428 0.603 ± 0.372

α-Amylase concentration (U/mL) 53.8 (0.000)† 2.65 (0.086) 2.83 (0.074)

 −5 % 44.9 ± 41.9 105 ± 62*

 +5 % 49.3 ± 39.3 141 ± 123*

 +15 % 47.7 ± 40.9 191 ± 146*

α-Amylase secretion (U/min) 27.9 (0.000)† 0.689 (0.510) 1.46 (0.249)

 −5 % 33.1 ± 29.2 84 ± 83*

 +5 % 34.5 ± 35.0 112 ± 173*

 +15 % 34.5 ± 34.0 136 ± 163*

HNP 1-3 concentration (ng/mL) 20.0 (0.000)† 0.284 (0.717) 0323 (0.651)

 −5 % 757 ± 825 1,454 ± 993*

 +5 % 844 ± 962 1,524 ± 1,275*

 +15 % 827 ± 1,075 1,649 ± 1,278*

HNP1-3 secretion (ng/min) 10.4 (0.006)† 0.128 (0.881) 0.094 (0.911)

 −5 % 543 ± 656 976 ± 826

 +5 % 469 ± 557 951 ± 822

 +15 % 450 ± 541 941 ± 768*

Lactoferrin concentration (ng/mL) 19.9 (0.000)† 0.648 (0.530) 0.518 (0.601)

 −5 % 3,377 ± 1,594 4,573 ± 1,996

 +5 % 3,016 ± 1,315 4,771 ± 1,336*

 +15 % 3,505 ± 1,619 5,120 ± 1,980*

Lactoferrin secretion (ng/min) 5.36 (0.035)† 0.205 (0.816) 0.688 (0.510)

 −5 % 2,448 ± 1,779 3,073 ± 1,988

 +5 % 2,028 ± 1,220 3,185 ± 2,044

 +15 % 2,219 ± 1,255 2,891 ± 2,004

LL-37 concentration (ng/mL) 28.4 (0.000)† 0.320 (0.723) 1.12 (0.340)

 −5 % 10.1 ± 10.9 19.5 ± 14.7*

 +5 % 10.3 ± 9.7 18.1 ± 14.1*

 +15 % 9.0 ± 10.5 20.3 ± 16.1*

LL-37 secretion (ng/min) 23.6 (0.000)† 0.314 (0.733) 0.666 (0.521)

 −5 % 6.03 ± 7.20 11.7 ± 11.0*

 +5 % 7.02 ± 6.58 11.9 ± 11.0*

 +15 % 5.03 ± 5.40 11.0 ± 8.8*

Lysozyme concentration (μg/mL) 7.94 (0.012)† 0.234 (0.792) 0.159 (0.854)

−5 % 28.8 ± 22.7 36.8 ± 26.5

+5 % 27.9 ± 24.0 39.0 ± 26.3

+15 % 25.1 ± 18.5 35.7 ± 21.3*

Lysozyme secretion (μg/min) 2.95 (0.107) 0.175 (0.840) 0.432 (0.653)

 −5 % 22.6 ± 29.0 26.2 ± 31.5

 +5 % 19.2 ± 23.8 23.9 ± 16.6

 +15 % 16.5 ± 16.2 19.7 ± 17.2

Salivary SIgA concentration (μg/ml) 6.58 (0.021)† 0.169 (0.845) 2.72 (0.099)

 −5 % 290 ± 219 297 ± 169

 +5 % 283 ± 204 319 ± 202

 +15 % 264 ± 268 386 ± 260
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Data are expressed as mean ± SD

* Significantly different from pre-exercise values at each given workload (p < 0.05)
† Significant main effects for time (p < 0.05)

Table 4  continued

Pre Post Main effects F stat (p value) Interaction F 
stat (p value)

Exercise Intensity

Salivary SIgA secretion (μg/min) 1.35 (0.264) 0.813 (0.453) 2.17 (0.132)

 −5 % 198 ± 158.2 187 ± 134

 +5 % 191 ± 167.2 212 ± 189

 +15 % 160 ± 125.1 239 ± 239

a b c

d e f

Fig. 1  Mean change in concentrations of a α-amylase, b HNP1-3, c 
lactoferrin, d LL-37, e lysozyme, and f SIgA from pre- to post-exer-
cise at each of the three exercise intensities. A significantly (p < 0.05) 

different change in concentration from the −5 % trial is denoted by 
asterisk. Error bars represent standard error

a b c

d e f

Fig. 2  Baseline values combined from all three trials for the con-
centration and secretion of a α-amylase, b HNP1-3, c lactoferrin, d 
LL-37, e lysozyme, and f SIgA for the Hi and Lo fitness groups. Sig-

nificantly (p < 0.05) different values from Lo are denoted by asterisk. 
Error bars represent standard error
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sAMPs increased with exercise, however, only α-amylase 
was sensitive to the intensity of the bout. These findings 
indicate that mucosal immune responses to a single bout of 
exercise are largely impacted by individual fitness, which 
may be due to training-induced alterations in parasympa-
thetic and sympathetic nervous system activation.

We found that the fitness of experienced cyclists impacts 
sAMP levels and their response to exercise. Baseline con-
centrations of all sAMPs measured tended to be lower in 
highly fit cyclists, and α-amylase, HNP1–3 and lactoferrin 
levels were found to be significantly lower. Despite these 
lower concentrations, salivary flow rate in the highly fit 
cyclists was higher, so no group differences were found for 
the secretion of any sAMP. These results are in accordance 
with West et al. (2010), who found that elite rowers had 
lower salivary concentrations of lactoferrin and lysozyme 
than untrained controls, although they did not take flow rate 
into consideration. It should be noted that the concentra-
tions of sAMPs reported here, both pre and post-exercise 
for both fitness groups, are within normal, healthy ranges. 
Concentrations of α-amylase and SIgA are within the 
normal ranges provided by the assay manufacturer (Sali-
metrics, State College, PA, USA), and concentrations of 
lysozyme were within the normal ranges reported by Teno-
vuo (1989). Values for LL-37 and HNP1–3 were similar to 
those obtained in previous exercise and dental health stud-
ies (Dale et al. 2006; Davison et al. 2009). While the lacto-
ferrin concentrations reported here are slightly lower than 
those reported in other studies (Tanida et al. 2003; Ueta 
et al. 2000; West et al. 2010), we do not deem this to be of 
clinical significance and is more likely due to variations in 
the assay system. The differences in flow rate and sAMP 

concentrations observed in the present study may be related 
to differences in parasympathetic nervous system activity 
as saliva flow rate and protein secretion are primarily con-
trolled by the autonomic nervous system (Bishop and Glee-
son 2009). Parasympathetic nervous system stimulation 
results in the production of large amounts of dilute saliva, 
while sympathetic nervous system activation results in a 
lower volume of saliva containing higher protein concen-
trations (Bishop and Gleeson 2009; Chicharro et al. 1998). 
Exercise training has been shown to increase vagal tone 
and parasympathetic nervous system activity (Coote 2010; 
Raczak et al. 2006), which may account for the low con-
centrations but greater flow rate observed in the highly fit 
cyclists. Therefore, while the lower baseline sAMP concen-
trations seen with a high fitness level in the present study 
may at first seem indicative of depressed mucosal immu-
nity, their higher salivary flow rates may act as a compen-
satory mechanism to maintain adequate rates of sAMP 
secretion and may, in fact, be indicative of greater para-
sympathetic nervous system activity and vagal tone. Hydra-
tion may also affect the ability to maintain adequate sAMP 
secretion rates despite lower concentrations, as Fortes 
et al. (2012) found that dehydration decreased saliva flow 
rate and the secretion of α-amylase and lysozyme with-
out affecting the concentrations of either of these sAMPs. 
Maintaining hydration may, therefore, be an important fac-
tor in maintaining mucosal immune integrity during heavy 
training loads. Unfortunately, while subjects were asked to 
hydrate prior to each exercise session, hydration status was 
not assessed.

This is the first study, to our knowledge, to report the 
effects of fitness and exercise capacity on the sAMP 

a b c

d e f

Fig. 3  Mean change from pre- to post-exercise in the concentration 
and secretion of a α-amylase, b HNP1-3, c lactoferrin, d LL-37, e 
lysozyme, and f SIgA for Hi and Lo fitness groups for the three trials 

combined. Significantly (p < 0.05) different ∆ values for concentra-
tion or secretion in the Hi fitness group compared to Lo are denoted 
by asterisk. Error bars represent standard error
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response to a single bout of exercise. We found that acute 
dynamic exercise increased the secretion and/or concen-
tration of a wide range of sAMPs, from the small cati-
onic peptides LL-37 and HNP1–3, to larger polypeptides 
and proteins such as lactoferrin, lysozyme and salivary 
SIgA. These findings are consistent with previous find-
ings that a single bout of exercise enhances the concentra-
tion and secretion of a number of sAMPs (Allgrove et al. 
2008; Davison et al. 2009; de Oliveira et al. 2010; Gillum 
et al. 2014; Usui et al. 2011; Walsh et al. 1999; West et al. 
2010), but this study shows that fitness level significantly 
impacts this response. The secretion and/or concentration 
of all measured sAMPs tended to increase with exercise at 
a greater magnitude in the highly fit compared to the less 
fit cyclists, with significant fitness effects being observed 
for α-amylase, HNP1–3, LL-37, lactoferrin, and salivary 
SIgA. While these group differences might be partially 
explained by the lower baseline sAMP concentrations 
in the highly fit cyclists, the exercise-induced change in 
α-amylase, HNP1–3, lactoferrin and LL-37 secretion rates 
was also higher with higher fitness despite the two groups 
having similar baseline values. This indicates that better 
fitness, at least in healthy athletes, elicits transient upturns 
in mucosal immunity in response to a single exercise bout 
that may be related to autonomic nervous system altera-
tions associated with more fit individuals. The mechanisms 
for acute exercise-induced increases in sAMPs are not 
well known, but both sympathetic nervous system activa-
tion and epithelial cell damage with concomitant neutrophil 
activation have been proposed as potential mechanisms 
(Allgrove et al. 2008; Dorschner et al. 2001; West et al. 
2010). Sympathetic nervous system stimulation, which 
would occur during exercise, results in higher salivary pro-
tein concentrations, while the withdrawal of the vasodila-
tory effects of the parasympathetic nervous system results 
in decreased flow rate (Bishop and Gleeson 2009; Chich-
arro et al. 1998). Although the highly fit group had higher 
flow rate both pre- and post-exercise, the change in flow 
rate was similar between the groups, indicating equivalent 
parasympathetic withdrawal in both groups. The highly fit 
group, however, may have had greater sympathetic nerv-
ous system activation, given the greater exercise-induced 
changes in sAMPs. The catecholamine response to intense 
exercise has been shown to be higher in endurance-trained 
men compared to untrained, further indicating an increased 
sympathetic response (Zouhal et al. 2008). The high levels 
of α-amylase observed post-exercise in the more fit group 
are also evidence of sympathetic activation, as α-amylase 
has been used as an indicator of saliva secretion controlled 
via adrenergic stimulation (Chicharro et al. 1998). It is pos-
sible, therefore, that increased fitness associated with regu-
lar training elicits an adaptive and potentially preemptive 
effect on the mucosal immune response to a single bout 

of exercise that is the result of greater exercise-induced 
sympathetic nervous system activation, although more 
empirical work is required to test this hypothesis. It is pos-
sible that exercise training, by increasing parasympathetic 
stimulation at rest, allows for greater sympathetic nervous 
system activation during exercise. It would also be illumi-
nating to examine the sAMP and the sympathetic nervous 
system response to acute exercise in illness-susceptible 
athletes. Indeed, the sAMP response to a single exercise 
bout may provide a better indication on the robustness of 
the immune system to withstand periods of heavy train-
ing compared to similar measures taken at rest. Given the 
potential link between sAMPs and the autonomic nervous 
system, sAMPs may prove to be a useful tool for determin-
ing URTI susceptibility or overtraining, as alterations in 
the autonomic nervous system are thought to contribute to 
overtraining (Purvis et al. 2010).

A unique feature of the present study was to determine 
if sAMP responses to acute exercise were sensitive to the 
intensity of the bouts and, rather than using vastly contrast-
ing exercising workloads, we elected to use workloads cor-
responding to various percentages of the individual BLT 
as realistic training zones that are typically used by com-
petitive cyclists. While exercise increased the concentra-
tion and/or secretion of all sAMPs, only α-amylase was 
sensitive to the workload encountered. This was expected 
as salivary α-amylase has been used as a biomarker of 
sympathetic nervous system activation (Papacosta and 
Nassis 2011), with a number of studies showing increased 
α-amylase levels in response to a variety of acute stress-
ors such as exercise, academic examinations, medical 
procedures, and laboratory-based stress tasks (Nater and 
Rohleder 2009). Further, salivary α-amylase correlates 
with the anaerobic threshold (Calvo et al. 1997), indicat-
ing that blood lactate and α-amylase responses to exercise 
are tightly linked. As heart rate, ventilation, V̇O2, RPE, and 
blood lactate also responded to increasing exercise work-
loads in a step-wise manner, this study supports the use of 
salivary α-amylase as a sensitive biomarker capable of dis-
criminating between various levels of overall sympathetic 
nervous system activity. However, using α-amylase as a 
marker of sympathetic nervous system activation should 
be interpreted with caution. Leicht et al. (2011) found that 
exercise induced increases in α-amylase in tetraplegic indi-
viduals, who lack centrally mediated sympathetic neural 
drives. A spinal reflex partially compensates for the loss of 
a sympathetic central drive, but the resultant sympathetic 
activation is altered. Therefore, the authors caution against 
using α-amylase as a marker of central sympathetic nerv-
ous system activation, and instead suggest using it as a 
marker of overall sympathetic drive (Leicht et al. 2011).

Unlike α-amylase, exercise-induced changes in the con-
centration and/or secretion of LL-37, HNP1–3, lactoferrin 
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and lysozyme were not sensitive to the exercise intensi-
ties used in this study. Although there was a trend for the 
change in salivary SIgA concentration/secretion to be 
greatest after the high-intensity cycling protocol, this did 
not reach statistical significance. While Allgrove et al. 
(2008) and West et al. (2010) did find effects of intensity 
on salivary SIgA, lysozyme, and lactoferrin, this is perhaps 
due to the vastly contrasting intensities of exercise that 
were used in these studies. Allgrove et al. (2008) found 
the post-exercise secretion of lysozyme to be significantly 
greater when subjects exercised either at 75 % of their 
V̇O2max or to exhaustion than when the subjects exercised 
at 50 % of their V̇O2max. However, there were no differ-
ences in lysozyme or salivary SIgA secretion between the 
75 % and exhaustive trials (Allgrove et al. 2008). Simi-
larly, West et al. (2010) found significant increases in the 
concentration of lactoferrin and lysozyme following a 
bout of exercise at maximal exertion, but did not observe 
any significant changes in concentrations following a sub-
maximal bout of exercise. The lack of an intensity effect 
in our study may be due to the more subtle differences in 
exercising workload compared to these previous studies. 
We chose these workloads as BLT intensities that would 
commonly be used by cyclists in training (Bourdon 2013), 
whereas exercise at 50 % of V̇O2max, as used in the study 
by Allgrove et al. (2008) would be very light and fall well 
below the BLT for a trained cyclist. The findings of the 
present study, along with those of Allgrove et al. (2008) 
and West et al. (2010), seem to point to a threshold inten-
sity, above which similar sAMP responses are elicited, 
but below which the concentration and secretion are not 
altered.

In conclusion, this study presents two major findings. 
First, it was demonstrated that a single bout of exercise 
increases the concentration and/or secretion of the sAMPs 
α-amylase, HNP1–3, lactoferrin, LL-37, lysozyme, and sal-
ivary SIgA, but only α-amylase was sensitive to the inten-
sity of the bout when exercising workloads typically prac-
ticed by experienced cyclists are used. Second, fitness was 
found to be a major determinant of the sAMP response to 
a single bout of exercise, with more fit individuals exhibit-
ing greater post-exercise increases in concentration and/or 
secretion in most of the measured sAMPs. These findings 
indicate that α-amylase is a sensitive biomarker to discrimi-
nate between subtle differences in exercise intensity, and 
that fitness is a stronger determinant of sAMP responses 
to a single bout of exercise than workload. Future studies 
should seek to examine mechanistic links between sAMP 
responses to acute exercise and the effects of fitness on the 
autonomic nervous system.
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