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Abstract There are many factors in mucosal secretions
that contribute to innate immunity and the ‘first line of
defence’ at mucosal surfaces. Few studies, however, have
investigated the effects of exercise on many of these
‘defence’ factors. The aim of the present study was to
determine the acute effects of prolonged exercise on salivary
levels of selected antimicrobial peptides (AMP) that have
not yet been studied in response to exercise (HNP1-3 and
LL-37) in addition to immunoglobulin A (IgA). A secondary
objective was to assess the effects of exercise on saliva
antibacterial capacity. Twelve active men exercised on a
cycle ergometer for 2.5 h at ~60% of maximal oxygen
uptake. Unstimulated whole saliva samples were obtained
before and after exercise. There was a significant decrease
(P <0.05) in salivary IgA:osmolality ratio, following
exercise, but IgA concentration and secretion rate were
unaltered. Salivary HNP1-3 and LL-37 concentrations
(P <0.01 and P <0.05, respectively), concentration:
osmolality ratios (P < 0.01) and secretion rates (P < 0.01)
all increased following exercise. Salivary antibacterial
capacity (against E. coli) did not change. The increased
concentration of AMPs in saliva may confer some benefit to
the “first line of defence’ and could result from synergistic
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compensation within the mucosal immune system and/or
airway inflammation and epithelial damage. Further study is
required to determine the significance of such changes on the
overall ‘defence’ capacity of saliva and how this influences
the overall risk for infection.
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Introduction

Although the effects of exercise on mucosal immunity have
been extensively studied over the past 20 years many
previous investigations have focused only on salivary
immunoglobulins, especially immunoglobulin A (IgA).
This is not surprising given that IgA is the predominant
immunoglobulin in saliva (Gleeson and Pyne 2000) and the
relationship between this aspect of mucosal immunity and
the incidence of upper respiratory illness (URI) symptoms
that is often reported in the literature (Fahlman and Engels
2005; Gleeson et al. 1999; Gleeson 2000; Mackinnon and
Jenkins 1993; Neville et al. 2008). However, there are many
other factors present in mucosal secretions (including sal-
iva), which also serve to protect mucosal surfaces and
contribute to innate host defence, such as the antimicrobial
peptides and proteins (AMPs) (Allgrove et al. 2008; Singh
et al. 2000; West et al. 2006). Salivary AMPs have attracted
considerable interest in recent dentistry and oral hygiene
research, in which associations have been observed between
AMP levels and oral health and infection (Dale et al. 2006;
Piitsep et al. 2002; Tanida et al. 2003; Tao et al. 2005).
However, the relationships between exercise, salivary
AMPs, IgA and URI risk have not yet been explored.
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Therefore, research into the acute effects of exercise on
salivary AMP responses may serve as an important step in
developing our understanding of such relationships.

In general, AMPs have broad-spectrum antimicrobial,
antifungal and antiviral properties (Radek and Gallo 2007)
and are mainly produced by phagocytes and epithelial cells.
Two major classifications of AMPs are the cathelicidins and
defensins. There are six human a-defensins subtypes;
human neutrophil peptides 1-6 (HNP 1-6). HNPs 1-4 are
found in the azurophilic granules of neutrophils and HNP
1-3 make up 50% of the azurophilic protein content [and
are also found in B cells and natural killer (NK) cells]. In
neutrophils, the a-defensins play a role in the oxygen-
independent killing of phagocytosed microorganisms (De
Smet and Contreras 2005). Human cathelicidin is a 37
amino acid peptide, starting with 2 leucine residues (hence
the name, LL-37), that is expressed in neutrophils, epithelial
cells (Bals 2000; De Smet and Contreras 2005), and salivary
glands (Murakami et al. 2002); it can be detected in whole
but not parotid saliva (Bachrach et al. 2006). LL-37 may
contribute to host defence due to both antimicrobial and
immunomodulatory functions.

The AMPs are major effector substances of innate
immunity (Bals 2000) contributing to overall innate immu-
nity, working synergistically with each other and other
aspects of the innate defence system (De Smet and Contreras
2005). Indeed, a recent review by Radek and Gallo (2007)
concluded that AMPs form an important part of the “syn-
ergistic arsenal” of substances that act as a first line of host
defence against infection. Animal models have indicated that
AMPs are crucial for both the prevention and clearance of
infection (Bowdish et al. 2005a). However, there is limited
research regarding the way that exercise affects the salivary
concentration and/or secretion of most AMPs (Allgrove et al.
2008; West et al. 2006). Generally, the magnitude and
direction of any exercise-induced alteration in immunity is
dependent on the intensity, duration, frequency and chro-
nicity of the exercise (Hoffman-Goetz and Pedersen 1994).
A few recent studies have examined salivary lysozyme,
chromogranin A and lactoferrin responses to acute exercise
of up to ~40 min duration (Allgrove et al. 2008; West et al.
2008) and to chronic endurance training (West et al. 2008).
Allgrove et al. (2008) observed a significant increase in
salivary lysozyme and chromogranin A secretion rate
immediately after approximately 22 min of incremental
‘exhaustive’ exercise and ‘high-intensity’ exercise (75%
VOzmax) but not after approximately 22 min of ‘lower-
intensity’ exercise (50% VOzmaX), whereas salivary IgA
secretion rate was increased only after the exhaustive
incremental exercise bout. West et al. (2008) compared a
group of 17 elite rowers with a relatively sedentary control
group, over a 5S-month period from the beginning of their
‘competitive’ season. They observed lower salivary
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lactoferrin in the rowers at the beginning and mid-point
(~60% lower), but not the end of the study period (at this
time salivary lactoferrin was ~ 50% lower in the rowers but
this failed to reach statistical significance). Salivary lyso-
zyme concentration was only lower by trend in the rowers,
compared with the control group. West et al. (2008) also
assessed the acute responses of salivary lysozyme and lac-
toferrin, in a subset of 11 subjects. The exercise was a
discontinuous, submaximal, incremental rowing ergometer
test (up to a maximum duration of 28 min of exercise) fol-
lowed, after 20 min of rest, by a 2,000 m maximal effort
‘time-trial’. Salivary lysozyme and lactoferrin did not
increase significantly after the submaximal part of the test but
increased significantly after the ‘maximal’ time-trial, which is
in agreement with the findings of Allgrove et al. (2008).

As mentioned previously, the acute exercise-induced
alterations in immunity are largely influenced by the
intensity and duration of exercise, but no previous research
(to our knowledge) has investigated the effects of prolonged
(i.e. >40 min duration) acute exercise, which may pose a
greater ‘threat’ to immunity, on salivary AMP responses.
Therefore, the main aim of the present study was to inves-
tigate the acute effects of prolonged exercise on salivary
responses of the neutrophil «-defensins, HNP1-3, the
human cathelicidin, LL-37 and IgA. A secondary objective
was to assess the antibacterial capacity of saliva at rest and
following exercise.

Methods

Ethics approval was obtained from the University Research
Ethics Committee. Subjects were informed of the experi-
mental procedures (verbally and in writing) and gave their
written informed consent. Subjects also completed a medical
questionnaire before participating in each test. Pilot data were
used to estimate that a sample of 12 has >80% power to detect
differences between pre- and post-exercise measures, using a
2-tailed paired ¢ test, for the primary variables: salivary LL-37
and HNP 1-3 concentration, concentration: osmolality ratio,
and secretion rate. That is, assuming a difference of 319 +
168 pg L' (>99% power), 3.73 + 2.4 pg mOsmol ™'
(>99% power), and 75.3 & 73.3 ng min~' (89% power), for
HNP1-3 concentration, concentration:osmolality ratio, and
secretion rate, respectively and 4.33 + 1.40 pg L' (>99%
power), 0.053 £ 0.024 pg mOsmol ™' (>99% power), and
1.25 4+ 0.98 ng min~' (98% power), for LL-37 concentra-
tion, concentration:osmolality ratio, and secretion rate,
respectively. The pilot study (n = 6) also revealed no sig-
nificant diurnal variation, in any of the measures, overa 2.5 h
period in the morning (commencing at 09:00) coinciding with
the pre- and post-exercise measures during the main study
trials. For example, salivary IgA concentration was 189 4 55
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and 159 =41 mgL™'; HNPI-3 concentration was
186 & 214and 190 + 212 pug L™'; LL-37 concentration was
135+ 044 and 145 4 0.52 pg Lfl; and antibacterial
activity (percentage inhibition of E. coli) was 41.4 + 20.2 and
45.7 £ 15.9% inhibition at the measurement times coinciding
with the pre- and post-exercise times, respectively.

Subjects

Twelve healthy recreationally active men (age 23.9 £+
7.6 years, body mass 71.5 £ 6.9 kg, VOzmaX 54.1 £ 7.6
mL min~" kgfl, power output at VOZmx 345 +£ 50 W;
means =+ standard deviation) participated in this study.

Testing protocols

All subjects completed two exercise bouts; a preliminary
trial (VOyax determination) and a main trial. For VOoax
determination, subjects performed a continuous incremen-
tal exercise test, with a 30 W min~! ramp rate (ramp test),
to volitional exhaustion on an electromagnetically braked
cycle ergometer (Lode Excalibur Sport, The Netherlands)
to determine maximal oxygen uptake and the gas exchange
threshold (GET), as previously described (Vanhatalo et al.
2007). Expired gas was analyzed throughout the ramp test
using a Jaeger Oxycon Pro (Hoechberg, Germany) online
breath-by-breath gas analysis system.

Main trials

Subjects were instructed to consume 500 mL of water 2 h
pre-exercise before arrival at the laboratory at ~08:45, on
the morning of the main trial, after an overnight fast of at
least 10 h. Subjects sat quietly in the laboratory before
beginning exercise at ~09:00 for 2.5 h. Subjects exercised
at GET plus 15% of the difference between GET and
maximal oxygen uptake (i.e. 15% delta, see Eq. 1), which
was equivalent to between 55 and 65% V02max for the
subjects in this study.

Exercise intensity = GET intensity + 0.15 (VOZmaXintensity
— GET intensity) (1)

e.g.

if GET intensity = 125 W and VOQ max intensity = 305 W
then Exercise intensity = 125 W +0.15(305 W — 125 W)
=125W+0.15(180 W)
=152W

Expired gas was analyzed, using an online gas analysis
system as previously described, for 2-min periods starting
from the 13th, 28th, 43rd, 58th, 88th, 118th and 143rd min

of exercise. Heart rate, measured with a telemetric heart
rate monitor (Polar S610, Polar Electro Oy, Kempele,
Finland), and rating of perceived exertion (RPE) were
recorded every 15 min during exercise. Subjects were
given 2 mL kg™’ body mass of a beverage (a low calorie
lemon flavoured squash with artificial sweetener, providing
21 kJ energy, 0.1 g protein, 1.1 g carbohydrate, trace fat
and trace sodium per L of solution) on commencement of,
and every 15 min during, exercise. This was equivalent to
~1.6 L of beverage, for the average subject, over the
course of the 2.5 h trial.

Subjects were all non-smokers and were required to
abstain from alcohol, caffeine and strenuous activity for
48 h prior to the main trial. It was also stipulated that
subjects should not take any mineral or vitamin supplement
or any other dietary supplements during and for the
4 weeks before the study.

Saliva samples

Saliva samples were collected as previously described (Li and
Gleeson 2004), immediately before (Pre) and within 5 min
after completing the exercise bout (Post). Briefly, timed,
unstimulated whole saliva was obtained whilst subjects were
seated, with the head tilted slightly forward and making
minimal orofacial movement. They were asked to swallow to
empty the mouth, before whole saliva was collected by pas-
sive dribble into a pre-weighed sterile tube for a period of
2 min. Subjects were not allowed to drink for at least 10 min
prior to each sample. The tube was re-weighed after collection
of the sample so that saliva volume (and hence flow rate) could
be estimated. Tubes were weighed to the nearest 0.1 mg
(saliva density was assumed to be 1.00 g ml™") and aliquots
were frozen, at —80°C, for later analysis.

Analytical methods

All samples were thawed only once prior to analysis. After
thawing, at room temperature, samples were centrifuged at
15,000 g for 2 min to pellet debris and mucins (which are
precipitated from the solution after a freeze—thaw cycle)
and obtain a clear supernatant. Saliva osmolality was
determined using a freezing point depression osmometer
(Osmomat 030, Gonotec, GbBH, Berlin, Germany)
calibrated with 300 mOsmol kg~' saline solution, in
accordance with the manufacturer’s instructions, and
checked with a reference solution (50 mOsmol kgfl) to
ensure measurements were accurate.

Saliva IgA, LL-37 and HNP1-3

Aliquots of saliva were analyzed for the determination of
IgA (Salimetrics, USA), LL-37 and HNP1-3 concentrations
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(Hycult biotechnology, The Netherlands) in duplicate using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits. HNP1, 2 and 3 are structurally similar
and the ELISA method does not discriminate between them
and so simply measures the total concentration of all three
together (HNP1-3). The intra-assay coefficient of variation
was 7.4, 4.1 and 3.4% for the IgA, LL-37 and HNP1-3
assays, respectively. The minimum detection limit for
the IgA, LL-37 and HNPI-3 assays is 2.5 mg L™,
0.14 pg L™', and 50 ng L', respectively. However, sam-
ples were diluted prior to analysis (5 x for [gA and LL-37 and
1,000x for HNP1-3) giving an actual minimum detection of
125 mg L', 0.7 and 50 pg L™" for the IgA, LL-37 and
HNP1-3 assays, respectively.

In vitro antibacterial assay against E. coli

Salivary antibacterial capacity against E. coli, before and
after exercise, was assessed in a subset of eight subjects.
This analysis was carried out by a commercial laboratory
(BluScientific Test Data, Glasgow Caledonian University,
Scotland, UK). Thawed and cleared saliva (as previously
described) was used in the assays, with a contact time of
60 min at 37°C. The challenged bacteria (E. coli) were in
the range of 1.5-5.0 x 10° colony forming units (CFU).
Following contact with the saliva (or isotonic saline as the
control), samples were diluted to 1072 and 10™*, in tryp-
tone saline, plated out onto tryptone soya agar in duplicate
for each dilution, incubated overnight at 37°C then coun-
ted. Results were expressed as percentage mortality, in
comparison to the isotonic saline control (i.e. % inhibition).

Data analysis

Statistical analysis was carried out using the statistical
computer software package SPSS (v16.00; SPSS Inc.,
Chicago, IL, USA). All data, except salivary IgA secretion
rate, HNP1-3 concentration, secretion rate and concentra-
tion:osmolality ratio, were normally distributed. Data that
were not normally distributed were normalised with log
transformation before analysis. Pre- and post-exercise
measures were compared with 2-tailed paired ¢ tests. All
results are presented as mean =+ standard deviation.

Results

The mean physiological responses over the 2.5 h exercise
bout are illustrated in Table 1. Absolute saliva IgA con-
centration and the estimated secretion rate (Table 2) were
unaffected by the exercise bout (P > 0.05). There was a
significant post-exercise decrease in the salivary IgA:
osmolality ratio (P < 0.05).
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Table 1 Mean physiological responses to exercise

Power output (W) 148 (£20)
Heart rate (beats min~!) 140 (£13)
RPE 13 (£1)
VO, (L min~") 2.33 (£0.38)
% VOsmax 60.4 (+£2.7)

Values are mean (+standard deviation). Gas volumes are at STPD

There were significant post-exercise increases in salivary
HNP1-3 concentration (P < 0.01), HNP1-3:osmolality
ratio (P < 0.01), and HNP1-3 secretion rate (P < 0.01).
There were significant post-exercise increases in salivary
LL-37 concentration (P < 0.05), LL-37:0smolality ratio
(P < 0.01), and LL-37 secretion rate (P < 0.01) (Table 2;
Fig. 1).

The saliva samples exhibited a greater inhibitory effect
against E. coli in the CFU assay (42.5 £ 10.2% inhibition of
CFU) compared to the saline control, but there was no dif-
ference between the inhibitory effects of the pre- (42.5 £
10.2% inhibition) and post-exercise (48.1 £ 20.8% inhibi-
tion) saliva, regardless of whether the values were expressed
with (P = 0.710) or without (P = 0.371) normalisation for
changes in saliva osmolality.

Discussion

The main findings of this study were that salivary
IgA:osmolality ratio decreased immediately after prolonged
exercise, although the concentration and secretion rate did
not change significantly. Salivary HNP1-3 and LL-37, on the
other hand, increased following exercise regardless of
whether values were expressed as an absolute concentration,
relative to osmolality or as the secretion rate. Salivary
antibacterial capacity (against E. coli) did not change sig-
nificantly after exercise.

The salivary IgA:osmolality ratio results are in accor-
dance with previous studies suggesting depressed mucosal
immunity induced by prolonged exercise (Krzywkowski
et al. 2001; Nieman et al. 2002; Steerenberg et al. 1997),
although others have reported no change in salivary IgA
responses following prolonged exercise of up to 2 h or
more in duration (e.g. Blannin et al. 1998; Li and Gleeson
2004). The post-exercise increases in salivary HNP1-3
and LL-37 are in line with the findings from previous
studies that have employed shorter duration acute exercise,
on other salivary antimicrobial peptides and proteins
(Allgrove et al. 2008; West et al. 2008). The fact that some
aspects of mucosal (salivary) innate immunity were seen to
increase following exercise may indicate that some innate
immune factors (i.e. AMPs) increase to counteract or
‘compensate’ for a decrease in other salivary immune
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Table 2 Saliva parameters before (pre) and after (post) exercise in the main trial
Pre Post Paired ¢ test P value
Osmolality (mOsmol kg™") 65 (£16) 86 (£23) 0.008
Flow rate (ml min~") 0.38 (£0.17) 0.30 (£0.15) 0.063
IgA concentration (mg LY 198 (£70) 209 (£76) 0.654
IgA:osmolality ratio (mg mOsmol ™) 3.1 (£0.9) 2.4 (£0.7) 0.045
IgA secretion rate (pg min~") 68.7 (£29.8) 53.4 (£24.4) 0.142
HNP 1-3:0smolality (pg mOsmol ™) 3.25 (£2.01 8.45 (£8.29) 0.001
HNP 1-3 secretion rate (ng min~") 73.0 (£43.1) 184.0 (£207.4) 0.005
LL-37:0smolality (ug mOsmol™") 0.019 (£0.006) 0.087 (£0.071) 0.008
LL-37 secretion rate (ng min~h) 0.46 (£0.26) 1.80 (£0.92) <0.001
Fig. 1 Saliva antimicrobial 3000 A r 20
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(pre) and after (post) exercise. ‘__I 37 o
Asterisks indicate a significant o 2500 4 Ey
. . = ==
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factors. Similar synergistic compensation is evident in
patients with low salivary IgA, whereby (high) salivary
IgM can ‘compensate’ for an IgA deficiency (meaning URI
risk/incidence is normal), whereas those who are also
deficient in IgM suffer a high rate of URI (Mellander et al.
1986).

It has been demonstrated that lactoferrin and lysozyme
work synergistically in airway surface liquid (Singh et al.
2000), whereby the combined antimicrobial activity is
greater than the sum of the individual components. Like-
wise, lactoferrin and IgA in breast milk have been shown to
work synergistically against enteric bacteria that are not
killed by either substance alone (Rogers and Synge 1978).
Singh et al. (2000) observed that some AMPs in combi-
nation, such as lysozyme and LL-37, demonstrate additive
effects, when used in optimal concentrations, although
when sub-inhibitory concentrations of LL-37 were tested
there was synergy between LL-37 and lysozyme. This is
relevant because the concentration of many AMPs, such as
LL-37 and HNP1-3, in mucosal secretions such as saliva,

Pre Post

are below minimum antimicrobial concentrations reported
from in vitro studies using isolated peptides, supporting the
idea that the compensation may occur in mucosal fluids due
to synergism between substances. Further study is war-
ranted to determine whether similar ‘compensation’ is
provided by the AMPs in saliva and if so, under which
circumstances. Recent studies have shown that a decrease
in salivary AMPs is associated with increased infection
incidence/oral disease (Bals 2000; Dale et al. 2006; Piitsep
et al. 2002; Tanida et al. 2003; Tao et al. 2005), supporting
the idea that changes in salivary levels may have an
important impact on mucosal immunity. Whether this is
relevant to protection against URI is yet to be determined.
In general, AMPs do have broad-spectrum antimicrobial
and antiviral properties and have been shown, in relatively
high concentrations, to be effective against some pathogens
which can potentially cause respiratory tract infection such
as Staphylococcus aureus, Legionella pneumophila, ade-
novirus and respiratory syncytial virus (De Smet and
Contreras 2005; Radek and Gallo, 2007; Tenovuo 2002).
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However, the idea that an increased concentration of these
factors would enhance host protection against infection
(such as URI) is not supported by previous research that
has reported an increased risk for URI after prolonged or
strenuous exercise (Fahlman and Engels 2005; Gleeson
et al. 1999; Gleeson 2000; Mackinnon and Jenkins 1993;
Neville et al. 2008). However, to fully understand the
relationships between exercise, salivary AMPs, IgA and
URI risk, further study is required on the effects of dif-
ferent intensities and durations of exercise (which may
cause greater effects on other immune parameters, such as
IgA, than in the present study) on a wider variety of AMPs
and with measurements also made during the post-exercise
recovery period.

Bals (2000) has noted that it is difficult to determine the
contribution of individual AMPs to host defence (or
extrapolate in vivo function from in vitro assays with iso-
lated substances), and recommends against functional
‘antimicrobial’ analysis of purified AMPs, as this does not
reflect the complexity of component interactions and syn-
ergism between substances. Additionally, many AMPs
have an immunomodulatory role, in addition to possessing
direct antimicrobial activity (Tjabringa et al. 2005). For
example, AMPs have been shown to induce leukocyte
cytokine secretion, stimulate chemotaxis and participate in
the remodelling of injured epithelia (Bowdish et al. 2005a;
Ganz 2003). The immunomodulatory properties of LL-37
were demonstrated in a study by Bowdish et al. (2005b) in
which synthetically synthesised LL-37 peptides (that do
not possess direct antimicrobial activity) still provided
protection against infection in animal models, suggesting
an additional or alternative role for LL-37 in immunity
(Bowdish et al. 2005b). Alpha-defensins also possess
immunomodulatory properties; inducing the chemotaxis of
monocytes and T cells, the modulation of cell proliferation
and an antibody response, and the inhibition of comple-
ment activation, of fibrinolysis and of the activity of serpin
family members (Bals 2000; Ganz 2003).

The observation of a post-exercise increase in salivary
HNP1-3 and LL-37 may be related, to some extent, to an
exercise-induced inflammatory response. It is clear that
prolonged strenuous dynamic exercise may induce airway
inflammation and damage to airway epithelial cells. This
has been suggested as one mechanism to account for
increased URI symptoms, in the absence of detectable
pathogens (the non-infective hypothesis of URI) in some
athletes (Bermon 2007; Gleeson 2007). Airway inflam-
mation may induce an increase in neutrophil infiltration
into the oral mucosa. West et al. (2008) have proposed this
as a possible explanation for their observation of an exer-
cise-induced increase in salivary lysozyme and lactoferrin.
It is possible that these mechanisms also contribute to the
increase in salivary AMPs observed in the present study.
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Although it was not possible, in the present study, to
determine precisely from where the increased salivary
LL-37 and HNP1-3 were derived following exercise it is
likely that neutrophils and airway epithelial cells are major
sources. Preformed o-defensins are stored in azurophilic
granules of neutrophils (Radek and Gallo 2007) and con-
tribute about 50% of the protein content in these granules.
LL-37 is derived by cleavage from the human CAPI18
protein and is also expressed in neutrophils, monocytes,
NK cells, some lymphocytes, and epithelial cells (De Smet
and Contreras 2005) but has also been identified in salivary
glands (Murakami et al. 2002). Neutrophils can be detected
in many mucosal secretions, including human saliva (e.g.
Tanida et al. 2001). Miins (1994) demonstrated prolonged
strenuous exercise to induce a significant (twofold)
increase in the number of neutrophils in mucosal secretions
(nasal lavage fluid in this case). Additionally, an increase in
blood neutrophil count can cause an increase in the salivary
concentration of some AMPs, for example, neutrophilia
was shown to lead to increased levels of o-defensins in
saliva (Shiomi et al. 1993). It is well known that neutro-
philia occurs immediately after prolonged exercise; in
previous studies from our laboratory that have employed
the same exercise protocol as in the present study, we have
consistently observed up to a sixfold post-exercise increase
in blood neutrophil count (Davison and Gleeson 2005,
2006, 2007; Davison et al. 2007). It seems reasonable,
therefore, to assume similar responses would have occurred
in the present study. Neutrophils continually migrate into
the saliva/oral fluids from the blood, predominantly via
gingival crevices (Bender et al. 2006; Lukac et al. 2003) so
an increase in neutrophil numbers in saliva is likely to
occur when blood neutrophils counts are increased to such
an extent although further study is required to confirm this.
Furthermore, exercise has also been shown to induce
neutrophil priming and activation (Pyne 1994; Smith and
Pyne 1997), which could result in increased secretion, into
saliva, of HNP1-3 and LL-37 from local neutrophils.

As the variety of AMPs is so numerous (i.e. at least 700
have been identified to date), and some are difficult to
measure, it may be more appropriate to assess the net effects
of exercise on the protective functions of the mucosal
immune system. We attempted to gain a preliminary insight
into this by assessing the effects of exercise on total
antimicrobial capacity (against E. coli) of saliva, in a subset
of eight subjects. There was a significant inhibition by
saliva of E. coli CFU, but no difference between pre- and
post-exercise saliva samples. This would seem to support
the synergistic compensation theory. However, this method
may require some minor modification to give a better
indication of overall ‘defence’ capacity of the saliva.
Modifications that should be considered in any future study
employing similar methods could include: the use of a
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target pathogen that is more relevant to URI; and the use
of fresh saliva in the assay. Saliva samples were frozen prior
to analysis, in the present study, meaning that the mucins
were precipitated from the sample upon thawing. The
antimicrobial capacity that was measured, therefore, was
the mucin-independent antimicrobial capacity. It must
be acknowledged, however, that mucins also have anti-
microbial properties and contribute to the synergistic
mucosal defences (often working in complex with AMPs)
(Amerongen and Veerman 2002), so fresh saliva may be
more appropriate. Nevertheless, the assay employed in the
present study could provide a useful indication of salivary
antimicrobial capacity and may be sensitive to any changes
in overall salivary antimicrobial capacity, that are caused by
changes in the other salivary ‘defence’ factors (such as
AMPs for example). It will be interesting, therefore, to see
whether assessment of overall ‘defence’ capacity (using
pathogens more relevant to URI in the assay) in future
studies can enhance the assessment of URI risk in athletes
(i.e. in combination with other, established, risk factors such
as salivary IgA).

Study limitations

The addition of a resting control trial would have been
beneficial, although no significant changes were observed
over the same time period in a resting control pilot study
(n = 6). We are confident, therefore, that the comparisons
between pre- and post-exercise measures in the present
study are worthwhile and real. Larger (or different) chan-
ges may be apparent following higher intensity exercise
and/or in the recovery period immediately after exercise.
However, the aim of this study was to first determine
whether exercise alters the salivary levels of these AMPs.
As we have established this here, it is anticipated that
future studies which address these potential limitations (i.e.
with the inclusion of additional points of measurement
during recovery, and/or using various intensities of exer-
cise) may provide useful in determining the relationships
between salivary AMPs and URI risk. Furthermore, the use
of ‘fresh’ saliva and pathogens relevant to URI in the
antimicrobial capacity assay may be more appropriate (as
previously discussed).

Conclusions

We have observed a decrease in salivary IgA:osmolality
ratio and an increase in the concentration and secretion of
HNP1-3 and LL-37 into saliva following acute prolonged
exercise. The increase in salivary AMPs may result from
synergistic compensation within the mucosal immune
system, and/or exercise-induced airway inflammation and

epithelial damage, or may be part of the normal stress
response. Regardless of the mechanism or reasons for these
effects, it is possible that the post-exercise increase in
salivary AMPs confers some benefit to the ‘first line of
defence’ of the mucosal immune system. However, further
study is required in order to determine the effects of pro-
longed exercise on a wider variety of immune parameters
within the saliva and how this influences the overall
‘defence’ capacity of the saliva and/or URI risk.
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