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Abstract

Objectives. The human body initiates an acute phase
response (APR) in response to a wide range of homeo-
static disturbances. This complex series of reactions
serves to activate repair processes and prevent ongoing
tissue damage. An important aspect of the APR is the de
novo synthesis of acute phase proteins (APP), many of
which have not been thoroughly investigated.

Main outcome measures. Alterations in CRP (C-reactive
protein), C1est, C3, C4, C6, rheumatoid factor (RF) and
Factor B were determined before and after an ultra-
marathon. Data were analysed using a one-way analysis
of variance comparing values to pre-exercise levels.
Significance was set at p < 0.05.

Design. Venepunctures were performed on athletes par-
ticipating in an ultramarathon (90 km) 24 hours before,
immediately post-exercise (IPE), and 3h, 24h and 72h
after the race. Serum was stored at —80°C until analysed.
CRP levels in serum were assessed using the N Latex
CRP kit. The levels of circulating immune complexes
(CIC) were determined using particle-enhanced neph-
elometry. Complement proteins C1lest, C3, C4 and RF
were measured using laser nephelometry. C6 and Factor
B were determined by radial immunodiffusion.

Results. CRP was significantly elevated IPE (58%), 3h
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post (77%), 24h post (87%) and 72h post (69%). Pre-race
CRP levels were above the normative range (5.10 *
3.08 mg/l), C6 was significantly elevated (p < 0.05) at 24h
post (7.8%) and 72h post (8.8%) exercise. Factor B was
significantly elevated (p < 0.05) at 72h post exercise
(12.8%). RF was significantly elevated at 72h post exer-
cise (6.7%).

Conclusion. Significant increases in selected acute-
phase reactants occur several days after the exercise
event. In addition, as indicated by elevated resting levels
of CRP, the athletes began the race with some degree of
inflammation, presumably as a result of the cumulative
training and racing mileage in preparation for the ultra-
marathon.

Introduction

In response to a wide range of homeostatic disturbances,
such as trauma, neoplasms, bacterial infection, burn injury
and immunologically mediated inflammatory states,” the
body initiates an acute phase response (APR). The APR is
synonymous with alterations in circulating acute phase pro-
teins (APP), the production of which is mainly due to de novo
synthesis.? This complex series of reactions serves to acti-
vate repair processes and prevents ongoing tissue damage
by altering metabolic, endocrinological, neurological and
immunological functions.® Strenuous exercise has been
shown to elicit an increase in APP3""#'30

Documentation of the acute phase reactants response to
physical activity is important when interpreting metabolic/bio-
chemical adaptations and/or maladaptations that occur with
exercise." In addition, it provides crucial information with
regard to inflammation, healing and adaptation to training
stimuli.

Whilst numerous studies have shown the APP C-reactive
protein (CRP) to be significantly elevated following exer-
cise,'®?%7 there still remain a large number of acute phase
reactants that have not been thoroughly investigated.
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Therefore, the aims of this study were firstly to confirm the
reported increases in CRP following a prolonged, strenuous
bout of exercise, and secondly to monitor alterations in less
researched acute phase reactants, up to 3 days after an
ultramarathon.

Methods

Subjects

The study was approved by the institutional Ethics
Committee and all subjects provided written, informed con-
sent. Six male and 5 female experienced ultramarathon ath-
letes volunteered for the study. The subjects descriptive
characteristics were (mean (+ SD)): age 43 + 9 years, height
170 £ 10 cm, weight 64 + 13 kg, body fat 14 + 2.9%, maxi-
mal oxygen intake (VO,,.) 57.5 £ 5.5 ml/kg/min, mileage
from January to June 1 450 + 445 km, and number of com-
pleted ultramarathons (90 km) 4 + 1.

Blood samples

Venous blood was drawn from the subjects 24h before their
predicted finishing time, immediately post exercise (IPE), 3h
post exercise and then at 24h and 72h after an ultra-
marathon (90 km). Concentrations were corrected for
changes in plasma volume IPE, but not for the remaining
time measurements. Corrections for changes in plasma vol-
ume were calculated using haematocrit and haemoglobin
values in accordance with the methods of Dill and Costill.®
Samples were allowed to stand for 15 minutes, after which
the serum was centrifuged at 1 000 g for 10 minutes.
Samples were stored at —80°C until analysed. All samples
were analysed in duplicate.

CRP and rheumatoid factor

Levels of CRP and rheumatoid factor (RF) in serum were
determined using the N Latex CRP kit (Behring Diagnostics,
Germany). Specimens were mixed with polystyrene particles
coated with monoclonal antibodies and the intensity of light
scatter measured in a Behring nephelometer (Behring
Diagnostics, Germany) against standards of known concen-
tration.

Circulating immune complexes

The levels of circulating immune complexes (CIC) levels
were determined using particle-enhanced nephelometry.
The assay utilised polystyrene particles coated with human
C1q which was added to the subjects’ sera. Light scatter due
to agglutination of the C1g-coated particles in the presence
of CIC was measured in a Behring nephelometer (Behring
Diagnostics, Germany) whereby the concentration of CIC
was determined in relation to the amount of agglutination
detected.

C1lest, C3 and C4

Determination of complement proteins C1est, C3 and C4 in
serum was performed using specific anti-sera to C1est, C3c
and C4. The immune complexes formed were measured in a
Behring nephelometer (Behring Diagnostics, Germany) and

the amount of C1est, C3 and C4 was calculated by compar-
ison with standards of known concentration.

C6 and Factor B

C6 and Factor B were determined by radial immunodiffusion
(The Binding Site, UK). The assays were performed by
adding serum and controls of known C6 and Factor B con-
centrations to radial immunodiffusion plates containing non-
specific antibody in an agarose gel. The diameter of
immunoprecipitating antigen-antibody complexes radiating
out of the wells was measured and compared against a cal-
ibrated curve drawn from a range of samples of known con-
centration.

Statistical analysis

Data were analysed using a one-way analysis of variance
(ANOVA), contrasting variables to baseline values.
Significance was set at p < 0.05. Where appropriate post hoc
tests (Tukey) were computed. SAS statistical software pack-
age was used to compute results.

Results

CRP was significantly elevated (p = 0.003) by 58% immedi-
ately after the race and was significantly increased (p =
0.001) by 77% 3h after the race. CRP remained significantly
elevated (p = 0.011) and peaked at 24h post marathon
(87%). At 72h post marathon, CRP was still significantly ele-
vated (p = 0.0002), but began returning to baseline (69%)
(Fig. 1). The 24h pre-race sample of 5.10 (+ 3.08 mg/l) was
elevated above normative ranges for the laboratory in which
the assays were performed (Table ).

C6 was significantly elevated (p = 0.03) at 24h post
marathon (7.8%) and remained significantly elevated (p =
0.02) at 72h post exercise (8.8%) (Fig. 2).

Factor B was significantly elevated (p = 0.04) at 72h post
exercise (12.8%) (Fig. 3). Although significantly elevated at
72h post exercise (296.56 + 35.61 mgl/l), this still remained
within normative ranges (Table ).

RF was significantly elevated (p = 0.03) at 72h post exer-
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Fig. 1. Alterations in C-reactive protein (mgldl) of 6 male
and 5 female subjects following completion of an ultra-
marathon. (+Signifies p < 0.05 compared with baseline lev-
els.)
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TABLE I. Normative ranges
Variable Normative ranges
C-reactive protein (mg/l) <5
C3 (g/l) 0.5-1.53
C4 (g/l) 0.2-1.00
C6 (mg/l) 45 - 96
Factor B (mg/l) 191 - 382
C1-esterase inhibitor (mg/dl) 31-43
Circulating immune complexes (ug/ml) <5
Rheumatoid factor (IU/ml) <11
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Fig. 2. Alterations in C6 (mgll) of 6 male and 5 female sub-
jects following completion of an ultramarathon. (= Signifies
p < 0.05 compared with baseline levels.)
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Fig. 3. Alterations in Factor B (mgll) of 6 male and 5 female
subjects following completion of an ultra-marathon.
(+ Signifies p < 0.05 compared with baseline levels).

cise (6.7%) (Fig. 4). As with CRP, RF at baseline (12.12
IU/ml) was elevated above normative ranges (Table ).

C4, C3, CIC and C1est showed no significant alterations
up to and including 72h post exercise, and remained consis-
tently within the normative ranges (Table 1).

Plasma volumes changed by —2.66 (+4.04%) immediate-
ly post exercise.
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Fig. 4. Alterations in rheumatoid factor (IUiml) of 6 male
and 5 female subjects following completion of an ultra-
marathon. (+ Signifies p < 0.05 compared with baseline lev-
els.)

Discussion

This study supports previous research in reporting a signifi-
cantly increased level of the positive APP, CRP following a
strenuous prolonged bout of exercise. CRP, a member of the
pentraxin family of proteins has traditionally been used in a
clinical setting as an indicator of inflammation.” CRP reacts
with cell surface receptors to facilitate opsonisation,
enhances phagocytosis, acts as a potent stimulator of the
complement pathway and modulates polymorphonuclear
(PMN) function.®®# CRP in the present study was signifi-
cantly elevated IPE and peaked 24h after the race (Fig. 1), a
finding mirroring that of Strachan et al. * and Peters et al.*'
Whilst prolonged strenuous exercise such as marathon run-
ning seems to elicit a reaction analogous to an APR,
research by Fallon et al.”? has shown that the training typical
of elite female netball and soccer teams is not associated
with significant changes in CRP. Following 9 months of train-
ing, the resting levels of CRP in the netball and soccer play-
ers was 1.66 mg/l (£ 0.89) and 1.62 mg/l (= 1.32)
respectively.

Conversely Meyer et al." showed a significant increase in
CRP 24h following an anaerobic cycling session. It was sug-
gested that athletes/physicians should interpret these ele-
vated levels of CRP as a sign that the inflammatory
response has not resolved and thus the athlete should
reduce or limit the number of sessions that induce this
response.

CRP at baseline (24h premarathon) was slightly elevated
above the normal range (Table Il). These are norms estab-
lished for the general South African population and not
specifically for sportsmen/women.

Due to the nature of the sport, the elevated CRP levels at
rest (5.10 + 3.08 mg/l) could be attributed to cumulative exer-
cise-induced muscle damage. The average individual has a
CRP concentration of 2 mg/l and whilst concentrations
greater than 5 mg/l have been associated with acute infec-
tions, anything less than 10 mg/l has been regarded as clin-
ically unimportant.” This raises the question of whether
athletes have elevated resting levels of CRP as a result of
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TABLE Il. Acute phase reactants showing no signifi-
cant changes post exercise (mean * SE)

24h pre IPE 3h post 2h post 72h post
C4 (g/l) 0.27 0.24 0.23 0.20 0.21
(£0.03) (+0.04) (£0.04) (x£0.01) (+0.01)
C3 (g/l) 1.10 1.15 1.04 1.00 1.02
(£0.12) (£ 0.11) (£0.07) (+0.05) (+0.05)
CIC (ug/ml) 1.57 1.43 1.51 1.32 1.29
(x0.15) (+0.16) (£1.36) (+£0.12) (+0.10)
C1est (mg/dl) 23.51 25.53 23.32 23.78 24.62

(£0.75) (£1.87) (£061) (£0.92) (+0.77)

CIC = circulating immune complexes; Clest = C1-esterase; IPE = immediately post
exercise.

continuous chronic exercise. If so, does the increased CRP
serve to provide the host with an 'enhanced' immune func-
tion, or does it merely represent an adaptation to the contin-
uous inflammation experienced as a result of mechanical
stress? CRP exhibits both pro and anti-inflammatory actions.
Whilst it is involved in activating complement and opsonising
bacteria/pathogens/debris’ (pro-inflammatory), its net effect
is anti-inflammatory in that it has been shown to prevent
adhesion of neutrophils to endothelial cells, to inhibit the
generation of superoxide by neutrophils and to stimulate the
synthesis of interleukin-1 receptor antagonist.” Thus, it is
arguable that the increased CRP may serve to limit the neg-
ative effects associated with repeated bouts of exercise.

Although elevated resting levels of CRP were shown in
this study and have been shown elsewhere,"* more studies
seem to be revealing that athletes exhibit a chronic train-
ing/exercise-induced reduction in resting CRP concentra-
tions."#2 \Whether these suppressed resting levels of CRP
increase an individual's susceptibility to infection remains to
be investigated.

Prolonged and/or strenuous exercise is associated with
muscle damage/trauma. ™ This disruption of homeostasis
activates complement, a pathway that is central to the devel-
opment of inflammation. Complement serves to control
inflammatory reactions and chemotaxis, assists with the
clearance of immune complexes, activates cells and elicits
antimicrobial defences." #

C6, a less-researched terminal complement component,
forms part of the membrane attack complex (MAC) and was
significantly elevated at 24h and 72h after the race (Fig. 2).
Although C5 was not measured in the present study, previ-
ous research has shown C5a (the active inflammatory medi-
ator of C5) to be significantly elevated following exercise.?
This would imply an increase in C5, which forms the begin-
ning of the MAC. Elevation of C6 in the present study, com-
bined with previous research results indicating elevation in
C5a, would seem to indicate that formation of the MAC
accompanies strenuous exercise. The formation of the MAC
following strenuous exercise could ultimately serve to
destroy and assist in clearing the by-products of proteolysis
and/or haemolysis.

Factor B, a C3 convertase enzyme, was significantly ele-
vated 72h after the race (Fig. 3). Dufaux and Order?® pro-
posed that the classical pathway of complement was
activated following prolonged exercise. C3b deposited by the

classical pathway can bind to Factor B, the enzyme involved
in activating the alternate pathway of complement.”* Thus it
seems tenable that the alternate pathway as well as the clas-
sical pathway (initiated by CRP binding to debris/endotoxins)
are initiated following strenuous exercise.

RF was significantly elevated 72h after the race (Fig. 4).
Although RF peaked IPE no significance was reported, pos-
sibly due to the large subject variation at this measurement.
Interestingly, as with CRP, RF was consistently elevated
above the normal ranges. RF (IgM anti-IgG autoantibody) ini-
tiates inflammatory processes and is specific for a determi-
nant on the Fc portion of the subjects' own IgG molecules.
The complexes formed between RF and IgG are deposited
in the synovia of joint spaces where they activate comple-
ment pathways and thus chemotactic factors that attract
granulocytes.” The elevated RF at 72h after the race would
imply that the immune/inflammatory response to the strenu-
ous exercise had not yet resolved. This should be taken into
consideration when monitoring and interpreting changes in
immunoglobulin (IgG and IgM) levels following exercise.

The present study showed no significant alterations in
C1est, C3 and C4. Studies have consistently yielded incon-
sistent results when it comes to monitoring the alterations in
complement concentration following exercise. In a study con-
ducted by Dufaux and Order,® 2.5 hours of running was ade-
quate to elicit significant changes in C3a and C4a
anaphylatoxins, the active components of C3 and C4 respec-
tively. These changes were observed in moderately trained
athletes. A similar response of C3a and C4a was shown in
another study by Dufaux et al.® where the concentration of
these complement components was significantly elevated
immediately following a graded cycle ergometer test to
exhaustion. In addition, Camus et al.? found a significant
increase in C5a following 20 minutes of cycling at 80% of
VO,.... However, Thomsen et al.®® showed no significant
changes in complement cleaved products (C3c and C3d) in
14 untrained volunteers who completed a 60 minute cycle
test at 75% of VO, It was hypothesised by Camus et al.?
that previous studies had failed to show changes in C5a due
to the nature of the intervention (exercise and intensity) and
also the turnover rate of this protein. It is tenable that this
hypothesis could apply to the present study as within 3h post
exercise, Clest, C3 and C4 were below pre-race levels.
Clearly, the conflicting results with regard to complement
response following exercise requires further elucidation.
When comparing and interpreting the complement response
to exercise, the mode, intensity, duration of the activity as
well as experience of the athletes should be taken into con-
sideration. A study conducted by King et al."® emphasises
this point as it was found that certain activities such as jog-
ging and aerobic dancing were characterised by a decreased
possibility of elevated inflammatory markers. Although the
study did not take into account the duration and intensity of
the exercise, activities such as swimming, cycling and weight
-lifting did not exhibit the same association. In addition,
Nieman et al.” have shown that resting as well as post-exer-
cise levels of complement differ in athletes and sedentary
controls.

No significant alterations in circulating immune complex-
es were found in the present study. Soluble antigens form
antibody:antigen complexes known as immune complexes.”
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Thus each time antigen meets an antibody, an immune com-
plex is formed.” These antigens include (amongst others)
debris from dead micro-organisms and are removed from cir-
culation via complement activation. One might expect that
damage caused as a result of prolonged, strenuous exercise
to muscles, connective tissue and erythrocytes results in the
formation of excessive immune complexes. The results, how-
ever, show that CIC were consistently below the normal
range following the ultramarathon (Table I). Although CIC are
not strictly classified as acute phase reactants, they can be
seen as residual products of an APR and could thus provide
information regarding the effectiveness of complement path-
ways to mediate their removal. * The non-significant
changes in CIC could arguably be attributed to the efficient
functioning of macrophages in rapidly removing the immune
complexes from circulation and would be in keeping with ele-
vated levels of CRP. This could also explain why little
changes in complement concentrations were observed.

In summary, this study showed that CRP was significant-
ly elevated immediately after an ultramarathon (90 km) and
peaked 24h post marathon. CRP and RF were elevated
above the normal ranges both at baseline and at subsequent
measurements. The raised resting levels of CRP could imply
that the athletes were training too close to the race, and that
correct tapering was not implemented. Since certain APP
were only elevated at 72h it is proposed that future studies
should measure APP over a more extended period and at
shorter intervals to obtain a comprehensive overview of the
acute phase inflammatory response to exercise.
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