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Summary: The serum concentrations of total cholesterol and triglycerides äs well äs the cholesterol,
phosphatidyl choline, and apolipoprotein components of HDL were tested in 19 participants immediately
before and immediately after a 100-mile run.

After the run, taking into account any alterations in total protein, the following changes were observed: a
decrease in total cholesterol (p < 0.001), äs well äs in triglycerides (p < 0.05), and an increase in HDL
cholesterol (p < 0.05), and HDL phosphatidyl choline (p < 0.01). The concentrations of HDL apolipoprotein
A-I and HDL apolipoprotein A-II were not affected.

The results indicate a change in composition of HDL following extreme prolonged physical exercise in
women.

Zur Veränderung der HDLrKomponenten bei weiblichen Teilnehmern eines Ultralangstreckenlaufes über 100
Meilen

Zusammenfassung: Bei 19 weiblichen Teilnehmern eines 100-Meilen Laufes wurden unmittelbar vor und
unmittelbar nach dem Lauf die Konzentrationen von Gesamtcholesterin und Triglyceriden sowie der Choleste-
rin-, Phosphatidylcholin- und Apolipoproteinkpmponenten der HDL im Serum untersucht.

Bei Berücksichtigung von Veränderungen des Gesamteiweißes war nach dem Lauf eine Verminderung von
Gesamtcholesterin (p < 0,001), und Triglyceriden (p < 0,05) sowie eine Erhöhung der Werte von HDL-
Cholesterin (p < 0,05) und HDL-Phosphatidylcholin (p < 0,01) zu beobachten, während die Konzentrationen
von HDL-Apolipoprotein A-I und HDL-Apolipoprotein A-II durch den Lauf nicht beeinflußt wurden.

Die Ergebnisse deuten auf eine Änderung in der Komposition der HDL nach extrem ausgedehnter körperlicher
Ausdauerbelastung bei Frauen hin.
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Introduction

The analysis of high density lipoproteins (HDL) has
in recent years shown that a low HDL cholesterol
level can be considered a risk indicator for coronary
heart disease (1—5). Various research projects have
shown that intensive physical activity leads to an
increase in HDL cholesterol levels (6—8). The majo-
rity of the research projects examining this effect,
however, tend to treat physical exercise over a short
period of time (9). There are relatively few reports
on the influence of intensive and long-term exercise,
such äs a 100-km run, and these furthermore usually
relate to men (10—13). The influence of long-term,
intensive exercise on HDL levels in women is to date
largely unknown.

HDL are not single substances but heterogenous
groups of macromolecules (HDL1? HDL2, HDL3)
with different compositions, different metabolisms
and different physicochemical properties. It is there-
fore impossible to 'deduce HDL mass or HDL compo-
sition from the HDL cholesterol value, or vice versa.

Obviously only the simultaneous determination
of cholesterol and other HDL components (apolipo-
protein A-I, apolipoprotein A-II, phospholipids) can
reflect alterations in HDL mass and/or HDL compo-
sition. Nevertheless, until now, most post-exercise
studies have determined HDL only in terms of their
cholesterol content, not in terms of the other compo-
nents.

The purpose of this study was to examine the influ-
ence of a 100 mile run on the concentrations of
separate lipid and apolipoprotein components of
HDL in female probands.

Material and Methods

The test group consisted of 19 female participants in a 100-
mile run which took place on 26. 3. 1983 in Waldniel/FRG.
The personal data and training conditions are summarised in
table 1. None of the participants were smokers, and none were
taking medications with known influence on lipid metabolism.
With the exception of 6 participants, the individuals tested
consumed moderate amounts of alcohol (beer or wine) Blood
samples were taken immediately before and immediately after
the run. The conditions for taking the blood samples are listed
m detail elsewhere (13). The sera where cooled to +4°C and
transported immediately to our laboratory.

Analysis of HDL components

Components of the total HDL fraction were analysed in
the supernatant following precipitation of apolipoprotein B-
contammg lipoproleins with phosphotungstic acid/MgC!2, using
the Boehnnger Mannheim test (test no. 400971) (14) For
analysis of HDL cholesterol, the Monotest Cholesterol "high
Performance", Boehringer Mannheim, order no. 237574 was
used. Analysis of HDL phosphatidyl choline was carried out
by an enzymatic colour test, using the centrifugal analyser

Tabl. 1. Personal data and training conditions of the female
participants of the 100 mile run on 26. 3. 1983 in
Waldniel/FRG

Age
(years)

55
46
63
41
49
32
40
45
47
48
34
42
45
54
52
40
41
65
48

Height
(cm)

158.0
142.8
162.7
151.7
166.4
168.0
161.0
162.0
157.9
169.0
167.4
157.5
156.9
172.8
162.9
172.0
162.7
156.0
155.4

Weight
(kg)

49.3
45.6
53.9
44.0
67.0
58.2
52.1
57.8
50.8
62.7
50.8
51.6
62.5
63.4
58.0
64.0
57.3
69.5
59.5

Contra-
ceptives

' 1

no
no
no
no
no
no
no
no
—yes
no
no
—no
no
yes
no
no
yes

Training in
running per
week
(km)

120
70
65
65
70
60

130
70

—70
100
80
50

120
110
80
50
35
60

Cobas Bio (Hoffmann La Röche). This method is described in
detail elsewhere (15). HDL apolipoprotein A-I was determined
using kinetic nephelometry, äs described in detail elsewhere
(16). Analysis of HDL apolipoprotein A-II was performed by
radial immune diffusion, using antibody to human apo-
lipoprotein A-II from rabbits (Immuno Co., Heidelberg, order
no. 4833005). For calibration, Reference Standard Apo-
lipoprotein Human, Immuno Co., Heidelberg, order no.
4910005 was used.

Analysis of cholesterol and triglycerides

Total cholesterol and triglycerides were analysed using the
SMAC Autoanalyser (Technicon, Bad Vilbel, PRO) äs pre-
viously described (17).

Determination of total prolein

Total protein was analysed using the biuret method (18).

Statistics

To test for statistical significance, the Wilcoxon test for paired
data was used. Results were expressed äs mean ± Standard
deviation.

Results

Body weight, haematocrit, total protein

After the run we found a slight reduction in body
weight of 2.6 ± 1.2% (p < 0.001). Obviously, due to
change in plasma volume, there was a statistically
significant decrease in the haematocrit value from
41.9 ± 2.7% to 37.6 ± 2.6% (p < 0.001). We found
no statistically significant alterations in the total pro-
tein after the run (67 ± 0.4 g/l) compared to before
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Fig. 1. Concentration of HOL components in female participants of the 100 mile run before the run and after the run (correction
of the data obtained after the run with the quotient protein before the run/protein after the run, n = 19).
(x ± S.D.) O before the run, after the run, correction of the data after the run, * p < 0.05 ** p < 0.01.

(68 ± 0.3 g/l). To compensate for any change in total
protein, however, we multiplied the values found after
the run with the quotient: total protein before the
run/total protein after the run.

Cholesterol and triglycerides

Before the run we found a cholesterol value of 5.98
± l .24 mmbl/1 and a triglyceride value of l .28 ± 0.53
mmol/1. The values found after the run, cholesterol:
5.37 ± 1.12 mmol/1, triglycerides: 1.11 ± 0.35
mmol/1, were obviously lower (p < 0.001 and
p < 0.05) respectively).

HDL Components

The values of HDL cholesterol (l .87 ± 0.40 mmol/1)
and HDL phosphatidyl choline (2.00 ± 0.28 mmol/1)
after the run were approx. 6—7% higher than the
corresponding previous values (l .77 ±0.49 mmol/1,
1.87 ±0.35 mmol/1, respectively) (p < 0.05 and
p < 0.01 respectively) (fig.l) . After the run, HDL
apolipoprotein A-I values (1.81 ± 0.21 g/l) and HDL
apolipoproteiri A-II values (0.49 ± 0.08 g/l) sh wed
no statistically signific nt difference from values
found before the run (1.80 ±0.24 g/l and 0.48 ±

"0.09 g/l respectively). As shown in figure 2 the ratios
HDL cholesterol/HDL apolipoprotein A-I +· A-II
and HDL phosphatidyl choline/HDL apolipoprptein
A-I H- A-Ii were statistically significantly enhanced
after the run.

Discussion

It has been observed that physical endurance training
(jogging, swimming, cycling) for about 3—4 χ 30 mi-

0.8
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'S
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·**
HDL cholesterol/ HDL phosphatidyl
HDL apollpoprotems choline/HDL apolipo-
A- I * A -Π proteins A-I + Α-Π

Fig. 2. HDL cholesterol/HDL apolipoproteins A-I H- A-II and
HDL phosphatidyl choline/HDL apolipoprotein A-I -f-
A-II ratios in female participants of the 100-mile run
before and after the run, (n = 19).
(x ± S.D.) Π before the run,
Π after the run, * p < 0.05 * p < 0.01.

nutes per weck leads to an increase in the HDL
cholesterol level in blood serum (9). Although there
are studies examining the influence on HDL choleste-
rol levels of short-term physical activity and physical
training (9), there have so far been very few reports
on the changes in HDL cholesterol following a single
prolonged exercise Session (10 — 13). One study show-
ed that male participants in a 100 km run had clearly
higher HDL cholesterol values after the run (13). This
increase in the HDL cholesterol level has also been
observed in men after a 70-km ski long-run (11). In
recently performed tests on participants of a 20-day
marathon over 1100 km, the participants also sh wed
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an increase in HDL cholesterol levels during the first
five days (19). In another study on female participants
in a 100km run, increased HDL cholesterol levels
were also found after the run (20). These previous
results were confirmed by the results of the present
study.
HDL comprise a heterogeneous mixture of macro-
molecules that differ with regard to particle size,
chemical composition, and physical chemical proper-
ties. Therefore HDL cholesterol does not reflect HDL
composition or HDL mass and vice versa. There are
only a few reports on changes of the other HDL
components following a severe endurance test. In a
recent study of a 20-day run over 1100 km, no chan-
ges in apolipoprotein A-I values were observed during
the first five days (19). Similarly, in male 100km
runners, differences in apolipoprotein A-I were not
found when comparing pre- and post-exercise values
(13). In females, however, after a 100 km run, higher
HDL apolipoprotein A-I values were reported (20),
while HDL apolipoprotein A-II concentrations did
not differ before and after the run. It is of interest
to note that the present study, in which females ran
an obviously longer distance, no changes in HDL
apolipoproteins were observed.
Along with the lack of Information on HDL apolipo-
proteins, there are so far hardly any results available
on changes of HDL phospholipids following a single,
prolonged exercise session. Previously, we found that
HDL phosphatidyl choline and HDL sphingomyelin
values in males remained unchanged following a 100-
km run (13). In contrast to male 100-km runners,
however, female participants of a 100-km run showed
a clear decrease in HDL phosphatidyl choline after
the run (20). The rise in HDL phosphatidyl choline

values in females after a 100-mile run, observed in
the present study, considered in conjunction with
changes in total protein, may be due to the increased
length of the prolonged exercise.

It was the aim of the present study to p»btain informa^
tion about the effects of prolonged exercise ön HDL
compositioiii by simultaneous determination of HDL
cholesterol, HDL phosphatidyl choline, HDL apoli-
poprotein A-I and HDL apolipoprotein A-II. The
increased concentrations of bpth MDL lipid compo-
nents and the unchanged concentrations of both
HDL apolipoproteins may be related to changes in
the plasma levels of HDL2. Data published show that
the lipid/protein ratio of HDL^ is higher than that of
HDL3 (21). Alternatively, the enhanced rätios HDL
cholesterol/HDL apolipoproteins A-I + A-II and
HDL phosphatidyl choline/HDL apolipoprotein A-I
H-A-II after the run may reflect a change in the
composition of the HDL particles in each density
class. The changes in HDL composition observed
after the run were paralleled by lo^er post-exercise
triglycerides in comparison to pre-exercise values.
It has been demonstrated that during lipolysis of
triglyceride-rich lipoprotems, surface remnants are
transpörted to HDL3 molecules, which thus become
relatively rieh in cholesterol and phospholipids (22).
The enhanced lipolysis during the rtiri may be based
on induced lipoprotein lipase activity caused by the
endufance training of the participants (see tab. 1). It
has been demonstrated that well-trained long distance
runners have higher lipoprotein lipase äctivities in
muscle and fat tissue than non-ättiletes (23). Alterna-
tively, besides lipoprotein lipase, reduced hepatic tri-
glyceride lipase may be also involved (24).
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