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BASED on the humoral and cellular changes occurring
during strenuous muscular work in humans, the concept
of inflammatory response to exercise (IRE) is developed.
The main indices of IRE consist of signs of an acute phase
response, leucocytosis and leucocyte activation, release of
inflammatory mediators, tissue damage and cellular in-
filtrates, production of free radicals, activation of comple-
ment, and coagulation and fibrinolytic pathways. Depend-
ing on exercise intensity and duration, it seems likely that
muscle and]or associated connective tissue damage, con-
tact system activation due to shear stress on endothelium
and endotoxaemia could be the triggering mechanisms of
IRE. Although this phenomenon can be considered in
most cases as a physiological process associated with
tissue repair, exaggerated IRE could have physiopatholo-
gical consequences. On the other hand, the influence of
several factors such as age, sex, training, hormonal status,
nutrition, anti-inflammatory drugs, and the extent to
which IRE could be a potential risk for subjects
undergoing intense physical training require further
study.
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Introduction

The concept of exercise induced inflammatory
reaction in man has evolved from studies conducted
in the 1970s, showing that strenuous exercise was
followed by significant increases in plasma levels of
several glycoproteins which are typical markers of
the acute phase response to inflammatory or
infectious diseases. 1-3 These findings were con-
firmed by more recent experimental work where
changes in plasma levels of acute phase reactants4-8

and trace mineralss’9 have been reported in
subjects submitted to various exercise protocols.
By analogy with pathological disorders,1’11 it
was inferred that strenuous exercise could trigger
an acute phase response displaying a pattern
similar to that found after trauma or during
infection.3-9,12

Owing to the development and improvement of
techniques for studying the humoral and cellular
changes occurring in inflammatory states, convin-
cing evidence that this acute-phase response was
due to the production of cytokines during exercise
was presented.7’8 The concept of the inflammatory
response to exercise (IRE) was further substantiated
by subsequent studies based on the measurement of
various humoral6-32 and cellular3-6 markers of
acute inflammation in exercising subjects. Although
this concept of IRE is acknowledged at the present
time, its underlying mechanisms are poorly
understood. Furthermore, its physiological mean-
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ing and possible consequences remain open to

conjecture. In this review, the authors attempt to

summarize current knowledge of the main features
of IRE. Some hypotheses on the underlying
mechanisms, physiological meaning and con-
sequences of this phenomenon are also presented.

Main features of the inflammatory
response to exercise

Evidence for the occurrence of an inflammatory
response to strenuous exercise is obtained from
increasing amounts of experimental data showing
that the patterns of metabolic and immunologic
change induced by exercise resemble those typically
observed in inflammatory or infectious diseases.
Indices of IRE include signs of an acute-phase

9 12 30 37 38response,-’ leucocytosis and leucocyte acti-
vation,2’27-3 release of inflammatory mediators,-26

tissue damage and cellular infiltrates,3- pro-
duction of free radicals,29’39-47 activation of c0m-

19 22 24plement, and coagulation and fibrinolytic
cascades.22,48-s

Acute-phase response: The acute-phase response refers
to a constellation of biochemical and endocrine
changes induced within the body by various
stressors such as infections, traumas, inflammatory
processes and some malignant diseases. 11 These
stimuli evoke a characteristic pattern of altered
hepatocyte protein synthesis resulting in increased
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plasma levels of glycoproteins and globulins such As outlined above, stress hormones and
as C-reactive proteins, -l-antitrypsin, fibrinogen, haemodynamic changes appear to be the principal
ceruloplasmin, ferritin and haptoglobin, while the factors responsible for the exercise induced changes
synthesis of albumin is decreased.9’1 Plasma zinc in WBC. Whether inflammatory mediators and
and iron concentrations decrease whereas plasma chemotactic compounds released from injured
copper concentration rises, s’9 The acute-phase tissue play a role in the immediate and delayed
response is also characterized by a neutrophilic exercise induced leucocytosis is unknown. These
leucocytosis resulting from granulocyte demargina- attractive hypotheses warrant further study.
tion and release from the bone marrow into the Leucocyte activation is another typical feature of
blood.1 Most of these metabolic changes were also IRE. Once activated, these ceils release specific
observed in subjects submitted to strenuous compounds in their environment. Based on the
exercise. Increased plasma levels of globulins, measurement of these compounds as specific
glycoproteins, acute-phase proteins, transferrin, markers of white blood cells triggering, a number
creatine kinase, fibrinogen and ferritin were of studies provided evidence for exercise induced
reported. >3’8’9 Acute and chronic hypoferraemia activation of several cell lines.23’2-2 As stated
and hypozincaemia were found after sustained above, significant increases in plasma and urinary
strenuous exercise or long-term training. 9 These concentration of cytokines were reported after
humoral changes are thought to be mediated by muscular work, demonstrating monocyte/macro-
increased cytokine secretion occurring during phage activation.2’26 Neutrophil triggering was
exercise.7-9 evidenced by enhanced plasma levels of poly-

morphonuclear elastase,’2 elastase-o-l-proteinase
Leucocyte mobilization and activation" The effects of complex2’27 and myeloperoxidase.2’29’31’2Increased
exercise on peripheral white blood cell count plasma concentrations of soluble interleukin 2
(WBC) has been the subject of numerous studies (IL-2) receptor, neopterin2 and plasma IFN
based on various experimental protocols.’’8 activity2s has been reported in exercising subjects,
Most of these studies have shown that muscular showing that T-lymphocytes and macrophages
work induces an immediate leucocytosis mainly due were also activated. Histological examination of
to demargination of cells from the non-circulating muscle fragments provides further evidence for
leucocyte pool.3 Increased secretion of catechol- infiltration of damaged tissue by activated leuco-
amines and cortisol, and haemodynamic changes cytes.>s Despite this rather large body of data, the
seem to play the major role in this exercise induced mechanisms underlying the exercise induced
leucocytosis. The magnitude and pattern of WBC leucocyte activation and its consequences are poorly
change over time depend, among other factors, on understood. Based on the results of a recent study,
exercise intensity and duration. These parameters the authors hypothesized that C5a anaphylatoxin
also influence the differential counts.3 In agreement --.an activated complement componentcould
with data from the literature, the authors found that be involved in this phenomenon.23

the increase in WBC during short-term dynamic
exercise results from elevated lymphocyte and Complement activation: Owing to inappropriate me-

neutrophil counts. While the number of circula- thods of investigation, several studies have failed to

ting lymphocytes tended to decrease to resting demonstrate complement activation during exer-
levels within the first 20 min after exercise, PMN cise.24 More recent researches based on the
counts remained practically unchanged after 20 min measurement of anaphylatoxins by means of
recovery.2’ During exercise of longer duration, sensitive radioimmune assays provided evidence for
such as the marathon, the leucocytosis primarily complement activation during strenuous exercise.
results from elevated polymorphonuclear cell Increased plasma levels of C3a, C4a and C5a
count.8 The marked and persistent exercise induced anaphylatoxins have been reported in human
rise in PMN count, mimicking that observed in the subjects submitted to strenuous exercise. 19’22-24

acute-phase response to pathological disorders, led However, the underlying mechanisms of exercise
several authors to consider this neutrophilia as a induced complement activation and its functional
potential sign of inflammation.36 Nevertheless, the significance remain hypothetical.
extent to which the leucocytosis of exercise could From the significant rises in C4a, the correlation
modulate 1RE remained to be established. Sprenger of changes in C3a with changes in C4a and C4
et al.2 hypothesized that elevated cytokine synthesis haemolytic activity, Smith et al.24 suggested that
during exercise could be due, at least in part, to the classical pathway of complement was activated
increased cellular contacts between leucocytes and by immune complexes or by nonspecific factors
other cells. With this in view, enhanced leucocyte such as C-reactive proteins, trypsin or plasmin. As
count could be involved in cytokine production pointed out by these authors, C3a could also be
during muscular work. generated via activation of the alternative pathway

336 Mediators of Inflammation. Vol 2.1993



Inflammatory response to exercise

or by the direct action of cathepsin G, trypsin and established, the physiological meaning of these
plasmin on C3. Based on the data of the literature, humoral changes in healthy exercising subjects is
it seems that these mechanisms are feasible, still obscure. These compounds--especially IL-1,
Nevertheless, a recent study by Thomsen et al. 52 IL-6 and TNF--could act in concert to initiate an
showed that levels of complement receptor type acute-phase response involved in the process of
one, circulating immune complexes and com- repair of damaged tissues by exercise. Consistent
plement C3 split products C3d and C3c are not with this view is the appearance of acute-phase
changed by short-term physical exercise or training, reactants in blood following strenuous muscular
Although these data are not incompatible with the work (see above) and the significant relationship
occurrence of anaphylatoxin production during found by Cannon et al. 7 between urinary 3-
exercise, the lack of change in circulating immune methylhistidine excretion--taken as an indication of
complexes suggests that exercise induced com- muscle proteolysis--and in vitro secretion of IL-lfl
plement activation probably relies on other and prostaglandin E2 (PGE2) from mononuclear
mechanisms, cells taken from sedentary subjects after vigorous

Interestingly, the authors found that constant- exercise. These findings support the concept that
load cycling exercise (20 min at 80% VOemax) these mononuclear cell products were involved in
induced significant and parallel increases in plasma muscle proteolysis. These authors proposed a
concentration of MPO and C5a anaphylatoxin.23 hypothetical sequence of events where tissue
These variables returned to baseline levels after fragments from damaged muscles could activate the
20 min recovery. The similar time course of MPO complement system, which in turn would prime
and C5a changes, and the significant relationship monocytes for activation by these tissue fragments.
between these two variables argue for the As a result, these cells secrete increased amounts of
involvement of C5a anaphylatoxin in the process of IL-1/ and PGE2 which regulate muscle proteolysis.
PMN degranulation during exercise. Preliminary Based on our current knowledge of leucocyte
findings presented by Smith et al.24 on exaggerated functions in pathological situations, this attractive
C3a production in three asthmatic runners suggest hypothesis appears tenable. However, a recent
that anaphylatoxins could be involved in the study by Smith et al. 53 showed that moderate
exercise induced asthma. However, given the small endurance exercise could trigger an acute-phase
number of subjects, these findings are at most response in untrained subjects without significant
suggestive, changes in the blood level of cytokine and creatine

In conclusion, it thus appears that factors kinase (CK), taken as an indirect index of muscle
involved in complement activation and the damage. Sprenger et al.26 examined cytokine
physiological consequences of this phenomenon production in well-trained runners covering a
remain to be elucidated, distance of 20 km and found that, except for IL-6,

cytokines were not detected in plasma but were
Cytokine production" The occurrence of exercise present in urine. Moreover, they reported marked
induced cytokine production was first suggested by increases in urinary concentration of IFN-3), TNF-,
Cannon and Kluger.4 These authors showed that IL-6 and IL-1/ after exercise. From the small
human plasma taken after 1 h exercise at 60% increase in plasma CK activity and the lack of
VOemax exhibited endogenous pyrogen activity correlation between this variable and TNF in
when injected into rats. From this observation, they urine, they suggested that muscle damage was not
concluded that exercise was accompanied by the underlying mechanism of the exercise induced
interleukin-1 (IL-1) release. Their conclusion was cytokine secretion observed in their subjects. From
confirmed later in subsequent studies based on more these findings, it is thus likely that other factors are
direct methods of IL-1 assay. Using a specific involved in the exercise induced cytokine produc-
immunochemical method, Cannon et al.12 detected a tion and related acute-phase response.
significant increase in IL-1/3 in muscle tissue Two separate studies have shown that long-term
samples taken from subjects previously submitted strenuous exercise, such as a triathlon competitions4

to a 45 min downhill run at 75% VOimax. Since and a 89.4km run,5s were accompanied by
that time, an increasing number of experimental significant increases in the blood level of
researches clearly demonstrated that strenuous lipopolysaccharide (LPS), so that it can be
exercise induces not only the release of IL-1, but hypothesized that endotoxaemia could trigger
also the production of other cytokines such as transient immunological and inflammatory reac-
IL-6,1’26 tumour necrosis factor (TNF)2’26 and tions following a pattern similar to that found at
interferon (IFN).25’26 Although the role played by the early stage of sepsis. 31 However, the occurrence
these pro-inflammatory molecules in the host of such an endotoxaemia has not been demonstrated
defence system and in the pathogenesis of trauma in exercise of shorter duration, and appears
and in inflammatory diseases is at present well unlikely, especially when exercise is achieved by
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well-trained subjects in normal environmental
conditions. In agreement with this view is the lack
of endotoxaemia in trained runners who took part
in a 21.1 km race 3 weeks after a 89.4 km road
race. ss It should be kept in mind, however, that
most of the runners with elevated plasma levels of
endotoxin had decreased anti-endotoxin IgG
concentrations,ss

The underlying mechanisms of exercise induced
endotoxaemia, its relation to physical fitness,
antibody production, and performance and en-
vironmental conditions should be investigated
further.

Production ofarachidonic acid derived compounds: The effects
of muscular work on arachidonic acid (AA)
metabolism is well documented. This component of
plasma membrane phospholipids is liberated from
cell membranes by the ubiquitous lipolytic enzyme
phospholipase A2 (PLA2). Once liberated into the
cell, AA can be converted to various endoperoxides
by the cyclooxygenase and lipoxygenase enzymes.
AA and various prostaglandins (PG) derived from
the cyclooxygenase pathway of AA metabolism
have been found to accumulate in skeletal muscle
during contraction. 16’17 Increased blood levels of
PG and 6-keto PGFa, the stable metabolite of PGI2
(prostacyclin), have been reported in exercising
subjects. 14’s From experiments showing that
repetitive contractions were accompanied by
enhanced PG concentration in venous effluent from
skeletal muscle, 13 it thus appears that these
eicosanoids are released from working muscles into
the blood. The mechanisms responsible for PLA2
activation and subsequent conversion of AA into
PG during exercise are unclear. An imbalance
between muscle oxygen supply and demand has
been shown to be an important stimulus for exercise
induced PG production. 16

According to Symons et al.6 blood vessel walls
are the main sites for PG production in cat

gastrocnemius muscle after 30 s of high-intensity
static contraction. Based on a previous study where
bradykinin, a stimulator of PLA2, was found to be
released in the venous effluent from the cat

hindlimb,8 Symons et aL6 suggested that this
compound could be involved in the exercise
induced eicosanoid production in skeletal muscle.
Although this hypothesis seems tenable, the
possibility that other inflammatory mediators such
as cytokines and complement anaphylatoxins could
play a role in increased PG synthesis through
leucocyte activation cannot be ruled out.

Previous data from the literature suggest that PG
may well contribute to regional vasodilatation in
muscle during dynamic contractions and sensitize
groups III and IV afferent nerve endings to

contraction induced bradykinin response. 16 Sensiti-

zation of these afferent nerve endings appears to be
required for the full reflex response of the
cardiovascular system to static contraction.6

Primed monocytes/macrophages are another po-
tential source of PG during exercise. As outlined
above, these cells were found to be activated by
exercise. Upon activation by inflammatory stimuli
at the site of muscle injury, invading macrophages
can secrete large amounts of PG in their
surroundings.36 While the involvement of these
cells in delayed PG synthesis and associated delayed
onset muscle soreness (DOMS) appears plausible,
their role in the early PG production remains to be
demonstrated.

In contrast, a recent study by Hasson et a1.56 gives
support to the hypothesis that products of
cyclooxygenase activity play a role in the painful
manifestations associated with DOMS. Hasson et
aL $6 studied the effects of a powerful anti-
inflammatory drug (ibuprofen) that inhibits the
enzyme cyclooxygenase on muscle damage, sore-
ness and decreased performance induced by a

strenuous eccentric exercise bout. They showed that
ibuprofen ingestion 4 h before exercise significantly
decreased muscle soreness perception, and the
decline in isometric, concentric and eccentric torque
following an eccentric exercise test. Interestingly,
muscle damage assessed by plasma CK measure-
ments was unaffected by the drug. The findings of
Hasson et aL s6 prompted us to verify whether a
steroidal anti-inflammatory agent could reduce
DOMS symptoms and decrease the transient
exercise induced release of elastase and myelo-
peroxidase. This type of compound, such as
methylprednisolone, is thought to exert its
anti-inflammatory effects by inducing the synthesis
of lipocortins which, in turn, inhibits phospholipase
A2 production of arachidonic acid. Therefore,
we studied the effects of a single oral dose
of methylprednisolone on the exercise induced
changes in plasma levels of elastase and myeloper-
oxidase in four healthy male subjects submitted to

a 20 min downhill run at 60% VOemax on an inclined
treadmill (-20% grade). 57 Exercise started 3 h
after oral absorption of a placebo or a single dose
of 32 mg methylprednisolone. While the exercise
induced increase in plasma MPO concentration was
the same in both trials, the rise of plasma elastase
level accompanying exercise was markedly am-
plified by methylprednisolone. On the other hand,
there were no effects of methylprednisolone on
subjective DOMS symptoms. These preliminary
results showed that a single dose of a steroidal
anti-inflammatory agent taken 3 h before eccentric
exercise did not decrease the release of two specific
markers of PMN activation. Given the small
number of subjects who took part in this study, the
lack of effect of methylprednisolone on DOMS
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remains at most suggestive and should be verified
by further experiments. Nevertheless, from these
findings and other data from the literature,58-6 it
thus appears that the effects of anti-inflammatory
drugs on exercise induced muscle damage and
related consequences are a matter of controversy.
Depending on exercise protocols, nature and
amount of drug used, animal species and conditions
of drug administration (prophylactically, before
exercise; therapeutically, after exercise)s6 the effects
of agents that inhibit AA metabolism on several
aspects of IRE could differ widely. The possible
interference of these drugs with tissue repair after
exercise is unclear and obviously needs further
study.

Free radical production: Since the original work by
Dillard et a/.,40 an increasing body of data showed
that strenuous exercise increases the production of
free radicals.39-47 Using the measurement of various
products of lipid peroxidation such as pentane in
expired air samples, and conjugated dienes and
malondialdehyde in blood or muscle tissue samples,
several authors provided evidence for the occur-
rence of increased lipid peroxidation, and therefore,
enhanced production of free radicals during
muscular work.42 Other indirect evidence of this
phenomenon stemmed from the decrease of tissue
and blood antioxidant content reported in several
studies. Using an electron paramagnetic resonance
method, Jackson et al.41 first demonstrated the
enhanced production of free radicals in muscle
stimulated to contract. Despite this convergent
body of experimental results, the exact mechanisms
of radical production during exercise are poorly
understood. Increased turnover of semiquinone
in mitochondria,42 xanthine oxidase catalysed
reactions,42’61’62 haemoglobin auto-oxidation,63

phagocyte and PMN activation,64-66 and eicosanoid
production from AA by the cyclooxygenase and
lipoxygenase enzymes67 are potential sources of free
radicals during exercise. To date, the relative
importance of these mechanisms and their precise
involvement in exercise induced lipid peroxidation
are unknown.

In connection with IRE, several studies were
conducted to verify whether free radicals or oxidant
species from activated leucocytes or other sources
could damage muscle structures and lead to the
release of muscle proteins in blood. Maughan et alo45

showed that a 45 min downhill run resulted in
significant and sustained increases in lipid peroxide
concentration and muscle enzyme release in blood.
Because the greatest increases in lipid peroxide
concentration were found in subjects with the
highest enzyme release, they suggested that
activated PMN, macrophages and monocytes by
muscle damage could be responsible for the delayed

production of free radicals. Sumida et al.46 reported
that tocopherol supplementation reduced the blood
level of malondialdehyde and the leakage of muscle
enzymes after an incremental exercise to exhaustion.
Cannon et al. 6 found a significant relationship
between plasma CK concentration and the
spontaneous production of superoxide anion by
isolated PMN in vitro after strenuous eccentric
exercise. These findings led to the assumption that
free radicals produced by activated leucocytes could
be involved in exercise induced muscle damage.
However, subsequent studies based on antioxidant
supplementation and vitamin E deficiency yielded
puzzling results. Warren eta].68 compared various
indices of muscle damage induced by walking
downhill in two groups of rats receiving either a
normal or a vitamin E supplemented diet. While
vitamin E supplementation decreased susceptibility
of muscles to oxidant stress, reduction in maximal
tetanic force, number of intact fibres per square
millimeter, elevations in muscle glucose 6-
phosphate dehydrogenase and plasma creatine
kinase activities did not differ significantly between
the two groups of animals.

Amelink et al. 69 studied the effects of a vitamin
E deficient diet on histological and biochemical
indices of muscle damage in rats submitted to a
treadmill exercise. They found that increases in
plasma CK activity and alteration of the cyto-
architecture of the muscle fibres were markedly
enhanced in the vitamin E deficient rats. Interest-
ingly, they showed a sex difference in the
susceptibility to exercise induced muscle damage of
vitamin E deficient rats. Male rats exhibited a larger
CK response and more marked histopathological
changes than females. Based on the results of
previous work, they attributed this sex difference to

a protective effect of oestradiol in female rats. From
the results of an in vitro study by Frei eta/.,7

showing that antioxidants of human plasma samples
were consumed in a temporal sequence in the
presence of activated PMN, it has been inferred that
toxic oxygen species and chlorinated compounds
released from circulating PMN could alter the
blood antioxidant status and might be involved in
lipid peroxidation phenomena during exercise.
These authors noticed that hydroperoxides derived
from plasma phospholipids only appeared after
ascorbate was completely consumed. The oxidation
of ascorbate occurred despite the presence of other
antioxidants in high concentrations in plasma.7 The
increase of erythrocyte susceptibility to in vitro
peroxidation43 and the significant decrease in the
reduced glutathione content of blood44 argue for
the release of oxidant compounds in blood during
exercise. To verify whether transient activation of
circulating PMN could lead to oxidation of blood
glutathione and plasma ascorbic acid, we studied
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the effects of concentric (uphill walk) and eccentric
(downhill run) exercises of 20 min duration at 60%
VO2max on the blood levels of reduced/oxidized
glutathione and plasma concentration of ascorbic
acid in male subjects, vl This protocol was based on
the results of a recent study where it was found that
while uphill walk did not elicit any significant
changes in plasma concentrations of polymorpho-
nuclear MPO and elastase following UW, downhill
run caused significant increases in the plasma level
of these two specific markers of PMN activation.32

It was found that uphill walk did not cause any
significant changes in either plasma MPO or
ascorbic acid concentrations. On the contrary,
plasma concentration of MPO increased and plasma
ascorbic acid decreased significantly during down-
hill running tests. From the negative relationship
between these two variables, we suggested that
transient exercise induced PMN activation could be
involved, at least in part, in the decrease in plasma
ascorbic acid levels accompanying eccentric exer-
cise. The stable blood concentration of reduced and
oxidized glutathione during both exercise tests led
to the conclusion that the oxidant stress associated
with exercise was insufficient to alter the blood
levels of these compounds. The unchanged
susceptibility of erythrocytes to lipid peroxidation
induced in vitro by 2,2’ azobis-(2-amidinopropane)
dihydrochloride after a 10 km road race despite the
occurrence of significant in vivo PMN activation
during this event further illustrates the efficacy of
antioxidant protection of human erythrocytes to the
oxidant stress of exercise (unpublished results).
Despite the uncertainties concerning the trans-

position of this finding to the conditions prevailing
in vivo, it seems reasonable to assume that more
strenuous exercise would be required to signifi-
cantly alter the antioxidant status of blood and
lead to detectable amounts of blood derived
products of oxidant species attack.

Cellular infiltrates: Histological examination of da-
maged muscle after strenuous exercise clearly
demonstrated the appearance of various cells of the
immune system in the biopsy samples and provided
further evidence for exercise induced leucocyte
activation.3>35 Round et al. 3s reported that the
predominant cell type was the macrophage, but
T-lymphocytes, mainly of the CD4 positive
helper/inducer subset, a few B-lymphocytes,34 and
activated PMN33 were also found. The presence of
these cellular infiltrates raised the question of
whether the invading cells could be the cause of
further tissue injury or the consequence of the
damage, scavenging and removing the cellular
debris of injured cells. Elegant work by Jones et
a/.34 shed light on this point. These authors studied
the effects of eccentric contractions on muscle CK

release, uptake of technetium pyrophosphate--
taken as indices of muscle damage--and mono-
nuclear cell infiltration in muscle biopsy samples up
to 20 days after exercise. Because tissue infiltration
was a maximum well after the time of the peak of
enzyme release and of technetium pyrophosphate
uptake, they concluded that the invading cells
cannot be held responsible for muscle damage.
These findings lead to the assumption that the
mononuclear cell infiltrates are involved in muscle
tissue repair after damaging exercise rather than in
amplification of tissue injury. It should be kept in
mind, however, that previous studies led support
to the concept that products of activated leucocytes,
including PGE2, IL-lfl, oxidant species and
proteases could contribute to tissue catabolism.
Therefore, the possibility that exaggerated leuco-
cyte activation could play a significant role in
amplifying muscle damage cannot be ruled out.

Increase in blood coagulability, fibrinoytic andplatelet activity:
Hypercoagulability, enhancement of fibrinolytic
potential and platelet activation are other features
common to strenuous muscular work and some
inflammatory states. The underlying mechanisms of
these haemostatic changes are poorly understood.
The marked and persistent increase in the von
Willebrand factor observed in exercising subjectss

argued for the occurrence of shear stress damage to
endothelial cells. Such damage could increase the
coagulability of blood through activation of the
contact system by subendothelial collagen expo-
sure. so Release of thrombolastins from activated
monocytes or damaged tissues, and proteolytic
attack of blood components of the coagulation
cascade by proteases from activated leucocytes
could also participate in the enhancement of blood
coagulability.4%51
The platelet activation accompanying exercise is

reflected by the release of platelet factor 4,
b-thromboglobulin in blood, and by the decrease
in the threshold of ATP necessary to induce
aggregation.49 Among the possible mechanisms
which could be involved in the exercise induced
platelet activation are the mobilization of newly
formed and more active platelets, thrombin
production through the intrinsic coagulation
pathway, subendothelial collagen exposure, in-
creases in plasma levels of catecholamines, release
of ADP from destroyed erythrocytes and thrombo-
plastins from damaged tissue and activated
monocytes.49-51

According to Hansen et al.s the enhancement of
the fibrinolytic activity, evidenced by shortened
whole blood clot lysis time, is caused by the release
of tissue plasminogen activator from endothelium
and by an unknown cell mediated component acting
in concert with tissue plasminogen activator.
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It has been hypothesized that an imbalance
between the activation of blood platelets, coagula-
tion pathways and increase of fibrinolytic activity
could lead to myocardial infarction, cardiac arrest
and be the cause of sudden death after acute

exercise, especially in subjects with cardiac risk
factors, but also in apparently well-trained in-
dividuals.49 On the other hand, it has been
suggested that regular exercise training could result
in an improvement in haemostatic balance, sl As
pointed out by Bourey and Santoro,51 data on the
effects of regular physical activity on the coagula-
tion and fibrinolytic systems are sparse and
discordant. According to these authors, further
studies with improved and more standardized
techniques are needed to better define the
relationship of exercise to haemostatic mechanisms.
Based on these data, it appears that more attention
should be paid to detect subjects at risk of
developing anormal haemostatic changes and
related cardiovascular complications.

Conclusions

From the authors’ own studies and literature
data, there are thus a number of elements
suggesting that strenuous exercise triggers an
inflammatory response similar to that accompany-
ing infection or tissue injury. The main indices of
this inflammatory reaction include an acute phase
response, leucocyte mobilization and activation,
release of inflammatory mediators, complement
activation, free radical production, cellular
infiltrates and haemostatic changes. It has been
hypothesized that the initiating events of IRE could
be the release of cellular debris from damaged
muscles and/or adjacent connective tissue, and the
activation of the contact system due to shear stress
to endothelium. These factors could act in concert
with endotoxaemia in extremely long-term exercise
such as triathlon competition. Although these
hypotheses appear plausible, the precise mechan-
isms and sequence of events of IRE remain to be
elucidated. Because in most cases, IRE has no
pathological consequences, it has been suggested
that the main purpose of IRE is to promote tissue
repair. However, severe and persistent exercise
induced inflammatory response is thought to be
detrimental. Further studies are required to detect,
on the basis of objective criteria, the individuals for
whom IRE can be considered as a potential hazard.
In this view, the influence of several factors such
as age, physical training, environmental conditions,
nutrition and anti-inflammatory drugs on IRE
should be investigated further.
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