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Summary. Eight male subjects (mean age 24.1 + 2.6 years) performed at inter-
vals of 2 weeks successively a 3 h and two 2 h runs of different running speed.
The days following the running there were moderate elevations of C-reactive
protein, haptoglobin, alpha-1-acid glycoprotein, coeruloplasmin, transferrin,
alpha-1-antitrypsin and plasminogen. There were small or no changes of albu-
min, alpha-2-macroglobulin and hemopexin. The elevations of the “acute phase
reactants” were examined in three male subjects following a 2 h run before and
after an endurance training period of 9 weeks. This demonstrated a decreased
acute phase response after training as illustrated by the changes of C-reactive
protein, haptoglobin and alpha-1-acid glycoprotein in spite of higher posttraining
running speeds. Well-trained athletes have elevated levels of the serum protease
inhibitors alpha-1l-antitrypsin, alpha-2-macroglobulin and C;-inhibitor. These
antiproteolytic glycoproteins might limit exercise-induced inflammatory reac-
tions,

Key words: Glycoproteins — Acute phase reaction — Inflammation — Physical
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Introduction

After a 12 weeks’ lasting training period we found in elderly people a significant
increase of the rest serum levels of plasminogen, coeruloplasmin, transferrin and
alpha-1-antitrypsin. Plasma volume was also increased. There was no change of the
alpha-1-acid glycoproteins, haptoglobin and hemopexin levels {43, 44]. Haralambie
(1976) found after a 5 weeks’ training period in altitude in young well-trained people
a significant increase of alpha-1-acid glycoprotein, coeruloplasmin, transferrin, hap-
toglobin, hemopexin, alpha-2-HS-glycoprotein, alpha-1-antitrypsin, alpha-2-macro-
globulin and beta-1A-globulin. Changes in plasma volumes were not reported.

*  This research was supported by the “Bundesinstitut fiir Sportwissenschaften (K6ln-Ldvenich)”
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With the present study we wanted to investigate the modifications of serum
glycoproteins during the days following a prolonged physical exercise. The observed
changes of C-reactive protein, alpha-1-acid glycoprotein, coeruloplasmin, transfer-
rin, haptoglobin, hemopexin, alpha-l-antitrypsin and alpha-2-macroglobulin al-
though moderate resembled in many aspects to what is seen during a delayed inflam-
matory response.

Material and Methods

Eight healthy male subjects between 21 and 29 years (mean 24.1) performed at intervals of 2 weeks
succesively a 3 h and two 2 h runs. Blood samples were collected from a cubital vein before, immedia-
tely after, on the next day and after 2, 4 and 7 days. Three other male subjects ran for 2 h before and
after an endurance training period of 9 weeks which consisted of a 10 km run four times a week. Blood
samples were also collected before and after the run, on the next day and after 3 and 7 days. Blood
samples were also taken at rest from 50 healthy subjects between 18 and 25 years old (mean 22.4 +
2.9), from 26 very well trained German national top-swimmers aged between 15 and 23 years (mean
19.2 + 2.5) and from 18 international professional bike riders aged between 23 and 34 years (mean
26.8 + 3.0). The blood was centrifugated and the serum refrigerated at minus 25° C until analysis.
Quantification of the individual serum glycoproteins was performed by standard radial immunodiffu-
sion [46] on plates containing monospecific antiserum obtained from Behring-Werke, Marburg/Lahn.
All samples were run against three provided standards for each glycoprotein. The C-reactive protein
(CRP) gel plate was treated with tannin. The plate was rinsed for 24 h with phosphate-buffered saline,
pH 7.2 (0.85% NaCl, 0.86% NA,HPO, - 2H,0, 0.24% KH,PO,). After rinsing the gel surface was
covered with a 4% aqueous solution of tannin for 30 min and finally rinsed for 1 h with distillated
water. We calculated the mean values (¥), the standard-deviation (s) and the standard error (s/Vn). The
level of significance was proved by the #-test for independent or correlated observations.

Results

The days following a 3 h and two 2 h runnings there was an increase of the acute-
phase globulins. Figure 1 represents the elevations of C-reactive protein (CRP) in the
eight subjects after the three runnings. The individual running speed for the first 2 h
test was about 90% of the threshold speed, determined on a threadmill, at which
there is a passage from a predominantly aerobic energy contribution to a predomi-
nantly anaerobic contribution. This aerobic-anaerobic threshold has been deter-
mined experimentally to be situated around 4 mmol/l serum lactic acid concentra-
tion [45]. The individual running speed of the 3 h and the second 2 h test was about
75% of the aerobic-anaerobic threshold speed (Table 1).

Figures 2 and 3 represent the modifications of the different glycoproteins and of
albumin after a total of 24 runnings by 8 subjects in the three running-tests per-
formed at 14 days interval. The changes are expressed as percentages of the values
found before the tests. The most pronounced elevations were observed for CRP (Fig.
1) and haptoglobin (Fig. 2) with peak values respectively after 1 day and 2—4 days.
After a week both proteins almost had disappeared from the blood. Some of the
subjects (sport-students) showed low levels of CRP at rest before the runnings. This
may have resulted from low intensity sport practice the days preceeding the tests. In
the same individual the elevations of CRP showed a very similar configuration after
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Fig. 1. Changes of serum CRP in 8 males following a fast 2 h run (——-), aslower 3hrun(---.),and a
second 2 h run (—) of nearly the same running speed as the 3 h run. One day (Tag) after the runs there

were significant differences in the CRP-concentrations

Table 1. The mean running speed of each participant in the three runs in meter per second. The
percentage values are applied to the individual pure aerobic performance capacity (= 100%), measured
by the running intensity, who lead to a serum lactiol acid of 4 mmol/l

Participants Aerobic- Fast running Slower runnings

anaerobic

threshold First 2 h Second 2 h 3h

[4 mmol/I LA]

m/s m/s % m/s % m/s %
M. 3.06 2.52 82 2.08 68 2.05 67
H. 3.54 3.33 94 2.80 79 2.78 78
B. 3.68 3.28 89 2.78 75 2,78 75
P. 3.68 3.22 87 2.79 75 2.78 75
K. 3.86 3.47 90 2.83 73 2.82 73
L. 3.88 3.65 94 311 80 3.15 81
B. P. 3.90 3.68 94 2.82 72 2.81 72
S. 4.19 3.98 95 3.52 84 3.79 90

the 3 h and the two 2 h runnings, only the intensity of the response differed signifi-
cantly. As is shown in Figure 1 the running speed affected the elevation of CRP as
shown by the larger increase after the fast 2 h compared with the slower 2 h run. The
duration of the runnings influenced very markedly the CRP response as seen by the
higher and more prolonged elevations after the 3 h run compared with the 2 h test
even performed at higher speed (see first 2 h run, Fig. 1).
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Fig. 2. Changes of serum haptoglobin (1), transferrin (2), coeruloplasmin (3), alpha-1-acid glycoprotein
(4), alpha-1-antitrypsin (5), and plasminogen (6) in the days (Tage) after a long distance running (B) of
2 or 3 h in per cent of the resting values (R) before the run (n = 24). In the first days after running the
increase of these glycoproteins were significant .
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Fig. 3. Changes in serum albumin (1) (p < 0.05), alpha-2-macroglobulin (2) (p < 0.05) and hemopexin
(3) in the days (Tage) following 2 or 3 h runnings (B) in per cent of the serum concentration before
starting (R)
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Fig. 4. Changes of serum CRP in three subjects following a 2 h run (B) before (—) and after (——-)a 9
weeks’ training period. During the post-training runs the distances covered were respectively 10, 12 and

20% larger as before training
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Fig. 5. Changes of alpha-1-acid glycoprotein (—-) and haptoglobin (——-) in three males in the days
(Tage) following 2 h exhaustive runs (B) before (A) and after (B) a 9 weeks’ endurance training

period
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Fig. 6. The serum levels (at rest) of alpha-1-antitrypsin, alpha-2-macroglobulin, and C,-Inhibitor in
untrained healthy males (A), German national top swimmers (B), and international professional bike
riders (C). The top athletes have significant higher values for these proteinase-inhibitors: alpha-1-
antitrypsin: A—B < 0.01, A—C < 0.001; alpha-2-macroglobulin: A—B N.S., A—C < 0.05; C,-inhibi-
tor: A—B N.S., A—C < 0.01

Moderate increase were observed for haptoglobin, a;-acid glycoprotein, coerulo-
plasmin, transferrin, o,-antitrypsin, and plasminogen with peak values after 1 or 2
days (Fig. 2). Small to absence of increases were observed for albumin, «,-macro-
globulin and hemopexin (Fig. 3). None of the studied proteins demonstrated a de-
crease the days following the runnings.

After an endurance training period of 9 weeks, the elevations of CRP (Fig. 4)
haptoglobin and «,-acid glycoprotein (Fig. 5) following a 2 h run were much lower,
although the distances covered during the posttraining running test by the 3 subjects
were respectively 10, 12 and 20% larger as before training. In top-swimmers and
before all in professional bike riders, which train extremely hard, the serum levels of
the protease inhibitors alpha-1-antitrypsin, alpha-2-macroglobulin and C,-inhibitor
were higher than in 50 healthy subjects of the same age group taken as control (Fig.
6).

Discussion

In the presence of an aseptic inflammation as well as in infection there are changes in
certain serum glycoproteins known collectively as “acute phase reactants”. Among
these are C-reactive protein (CRP), a-1-acid glycoprotein, coeruloplasmin, hapto-
globin, transferrin, «-1-antitrypsin, plasminogen [71, 72]. The modification of the
serum glycoproteins have been studied after surgical trauma {11, 14, 67, 71, 72],
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bone fracture [32], myocardial infarction [34, 62], acute infections [26]. The C-
reactive protein [3], a-1-acid glycoprotein [57], haptoglobin [47], a-1-antitrypsin
[2], transferrin [59] are of hepatic origin. Studies from Cockerell et al. (1973),
Kampschmidt et al. (1973), and Pekarek et al. (1974) suggested that changes in the
a-1- and @-2-globulins during inflammation and infection may be mediated by a
leucocyte endogenous mediator (L.E.M.) released from phagocytizing polymorpho-
nuclear leucocytes which stimulates the protein synthesis by the liver.

Adequate amounts of “acute phase reactants” during and after severe exercise
are available intravascularly by two successive mechanisms. An initial consumption
of plasminogen, haptoglobin, a-1-antitrypsin, hemopexin, and @-2-macroglobulin
during and immediately following a severe exercise could be partly or completely
compensated by an afflux of these proteins from the intersitium as a result of an
enhanced lymphatic return [74]. Then in the following hours and days the new
synthesis of “acute phase reactants” assures that extra amounts can be disposed of if
physical exercise is repeated. In this way the organism might adapt to a higher level
of exercise-stress exposure.

Recent findings concerning the functions of the examined glycoproteins may
help to clarify the significance of their modifications after exercise. CRP is a trace
constituent of normal blood which increases very rapidly and as much as 1000 fold
during the acute phase of ‘an inflammatory reaction [14]. Recent studies show that
CRP is remarkably similar functionally to the immunoglobulins and that it may play
a role in nonspecific resistance to infection as well as in modulation of tissue injury
and repair. CRP possesses the ability to initiate reactions of precipitation [21],
agglutination [25] promotion of phagocytosis [38] and complement consumption
[36, 52, 60]. It is further suggested that CRP plays a role in modulating T-cell
function during inflammation [48].

Besides its biochemical interest, CRP may be of value in the appreciation of the
amount of physical work performed by an individual or by a small group of subjects.
As is shown in Figure 1 the increase of CRP in the same 8 subjects after a 3 h
running was greater and of longer duration than after the 2 h running even per-
formed at higher speed.

Recently several new biochemical functions have been attributed to a-1-acid
glycoprotein. Van Oss et al. (1974) ascribed to a-1-acid glycoprotein phagocytosis
inhibiting properties. Onda et al. (1975) have proposed that every cell excretes mito-
sis inhibiting proteins. The intracellular concentrations of this proteins would control
the process of cell division. Following this mechanism «-1-acid glycoprotein would
play a primary role in the regulation of the liver cell proliferation. Franzblau et al.
(1976) have shown that in vitro a-1-acid glycoprotein is capable of influencing the
formation of collagen fibers. Although a-acid glycoprotein demonstrates an acute
phase reaction after prolonged exercise, there was no change of the rest values after
a 12 week lasting training period [42]. Well trained athletes have similar values as
non-athletes (unpublished results).

The primary function of coeruloplasmin may be to promote the oxidation of a
variety of plasma components among which are ascorbic acid, catecholamines and
ferrous iron [50, 51]. However only the oxidation of ferrous iron is likely to be
important in vivo. To leave the iron storage compound ferritin from the liver, iron
has to be reduced to the ferrous state. Coeruloplasmin is required for the reoxida-
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tion to ferric iron to permit its complexation with transferrin [24, 51, 56]. Several
observations such as the findings of Evans et al. (1973) which show that hemoglobin
and coeruloplasmin levels parallel one another during copper deprivation and reple-
tion in the growing rat, speak for a relationship of copper metabolism and the iron
availability. Coeruloplasmin plays further a role in the transport and metabolism of
copper [19], but it is not considered to be a copper transport protein in the manner
of transferrin [58].

In contrast to- what is observed in many other inflammatory conditions [26, 62,
67, 72] transferrin increase the day following prolonged running. This increase may
affect iron metabolism and transport and contribute to prevent the excretion in urin
of the iron liberated during exercise. Of interest may be the role of transferrin in the
nonspecific immunological defenses. A large amount of studies now implicate iron
and transferrin in the mechanism of resistance of the mammalian organism to a
variety of bacterial infections [7, 37, 68, 69, 70]. Following severe exercise serum
iron increases [1]. This may be particularly pronounced in running when some
hemolysis occurs [33]. A greater susceptibility to bacterial and fungal pathogens
may be the consequence of this hyperferremia [8]. Rised transferrin levels the days
following a severe exercise and after training [42] as well as low serum iron levels in
well-trained athletes [16] may be useful adaptations of the antimicrobial defense
mechanisms to the exercise-induced serum-iron elevations. A role of transferrin in
the metabolism of the lymphocytes has been proposed [10, 54, 55].

Prolonged running induces a certain degree of hemolysis [15, 33] and is followed
by a fall of serum haptoglobins (Fig. 5) and hemopexin [43], most probably as a
consequence of the rapid disappearance from the blood of haptoglobin complexed
with hemoglobin and hemopexin complexed with heme molecules. Bullen et al.
(1968) have shown that the presence of hemoglobin can stimulate the growth of E.
coli in vivo. The pronounced rise of haptoglobin and hemopexin the days following a
severe exercise may be of value for a rapid and complete elimination of hemoglobin
if the organism has to endure a repeated running-hemolysis.

Plasminogen is activated by a variety of blood and tissue activators to become
plasmin which has a broad proteolytic activity intervening in fibrinolysis, coagula-
tion, kinin liberation, complement activation and platelet aggregation and release
[63]. Rised levels of the plasmin inhibitors a-1-antitrypsin and a-2-macroglobulin
[13] during the post-exercise days and after training [43] may bring about a reduc-
tion of the exercise induced fibrinolysis [20]. The effects of physical exercise on the
deposition and removal of fibrin in the arterial wall are unknown. Some authors [4,
61] consider that the balance between the breakdown of fibrinogen and its conver-
sion to fibrin within the arterial intima are key factors in atherogenesis.

The widespread tissue distribution of plasminogen activators support the con-
cept that fibrinolysis has an extravascular as well as an intravascular role. New data
suggest that plasminogen activation may be involved in the normal process of tissue
growth [27, 65]. ‘

The physiological importance of the protease inhibitors «-1-antitrypsin [31], C,
inhibitor, and a-2-macroglobulin is that they intervene in the control of proteolytic-
regulated processes [30] which may be activated during exercise. Among these are
fibrinolysis and blood clotting [20, 39], kinin liberation [43], complement activation
[17], collagen and elastin digestion by polymorphonuclear neutrophil proteinases.
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Proteolytic processes are also implicated in division of normal [27] and transformed
cells {5].

a-1-antitrypsin is considered as an acute phase globulin whereas a-2-macroglo-
bulin is not {72]. The days following prolonged exercise however there was a small
elevation (Fig. 2) and a-2-macroglobulin is markedly elevated in athletes as com-
pared to non athletes (Fig. 6). These elevations may intervene in a posttraining
reajustment of degradation and biosynthesis of collagen, elastin and proteoglycans,
which are of major importance in the control of growth, morphogenesis and repair
of the connective tissue structures. Hauss et al. (1968) reported that in rats after a
training period there is a reduction of the post-exercise enhanced turn over of heart
glycosaminglycans.

Several authors have shown that a-2-macroglobulin is involved in the develop-
ment and function of lymphocytes [9, 22, 64]. a-2-macroglobulin could promote
lymphocyte reactivity and/or influence the antigen recognition by immunocompe-
tent cells. An elevation of this protein in the post-exercise days and after training
might be a factor of rised unspecific immunological defense.

It is thought that the acute phase response of serum proteins in inflammation,
which follows various types of aggressions, is protective in nature. In this regard the
control role of the proteolytic enzymes and their inhibitors should be considered.
There is a rapidly growing mass of evidence which indicates that lysosomal enzymes
released from polymorphonuclear leucocytes under influence of specific and nonspe-
cific stimuli cause the acute inflammatory reactions with irreversible tissue damage.
Immediately after and in the days following a prolonged exercise there is a liberation
into the blood of cellular enzymes [41] suggesting the occurrence of tissue destruc-
tion. The complement system is activated [17] possibly by proteolytic enzymes.
Physical training may realize a new balance between the inflammatory mediators
and their inhibitors. Well-trained athletes show significantly elevated levels of three
major protease inhibitors: «-1-antitrypsin, a-2-macroglobulin, and C,-inhibitor (Fig.
6). For three subjects the acute phase reaction as illustrated by the elevations of
CRP (Fig. 4), haptoglobin and a-1-acid glycoprotein following a 2 h run was much
less pronounced after a 9 weeks endurance training. This lower response appeared
although the posttraining distances covered by the three subjects were respectively
10, 12 and 20% larger as before training. One can speculate that higher levels of the
serum protease inhibitors assign a limitation to the proteolytic activation during
exercise and restrain by unknown mechanism the induction of the synthesis by the
liver of the acute phase reactants.

It has been suggested by some authors that chronic inflammation has an immu-
nological basis and could be the result of the inability of the body to get rid of the
products of acute inflammation [73]. A weakened inflammatory response could
prevent the release of autoantigens from the injured tissues.

The progressive increase of the examined glycoproteins and more particularly of
the protease inhibitors after prolonged exercise and training may provide a biochem-
ical basis for the necessity to adapt the intensity of the physical stress exposure to
the degree of physical training. In this way detrimental effects on inflammatory
defense mechanisms could be avoided.

Further studies might show that the acute phase response which follows exercise
as well as many other aggressions [26, 32, 62, 71, 72] is part of a general response of
the organism to stressful conditions.
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