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Summary. To investigate the effects of a single period 
of prolonged exercise on lipoprotein concentration and 
composition, the serum of 13 healthy, endurance- 
trained men was examined before and after (1 h, 20 h) 
a field test [running time, 130 (SD 7.4) rain]. We found 
changes in composition of all of the lipoprotein frac- 
tions isolated. In detail, all very low density lipoprotein 
particle components were reduced after exercise; the 
most pronounced changes found were in the concen- 
trations of phospholipids (PL) and triglycerides (TG) 
(PL, before vs 20 h after, P<0.01; TG, before vs 20 h 
after, P<0.01). The serum high density lipoprotein 
(HDL)-cholesterol mass was unchanged after exercise, 
but both HDL subfractions showed changes in compo- 
sition. In HDL3 the relative amounts of cholesterol in- 
creased (unesterified free cholesterol; FC) before vs 
20h after, P<0.05; cholesterylester (CE), before vs 
20h after, P<0.01) and TG and PL decreased (TG 
and PL, before vs 20 h after, P < 0.05). The HDL2 par- 
ticles became enriched in the relative amount of CE 
(before vs 20 h after, P<0.01) and lost TG after exer- 
cise (before vs 20 h after, P<0.01). The observation 
that all the changes in lipoprotein concentration and 
composition reached their maximal differences com- 
pared to the pre-exercise values 20 h afterwards would 
support the assumption that circulating lipoproteins 
play an important role in the regeneration period, re- 
filling the intramuscular triglyceride stores. 
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Introduction 

The beneficial effects of physical activity on lipid and 
lipoprotein metabolism have been generally accepted 
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(Berg et al. 1992). However, most of the investigations 
on the influence of training on lipoprotein metabolism 
discuss such effects of endurance training by compar- 
ing untrained and trained subjects. Such a design raises 
some practical problems. Because, in general, physical- 
ly active subjects have a more healthy orientated life- 
style (no smoking, low alcohol, lower fat intake, lower 
body mass index) than sedentary individuals, differ- 
ences between trained and untrained subjects may re- 
late therefore not only to regular physical activity but 
also to accompaning factors. On the other hand, the 
association between energy metabolism and lipid, as 
well as lipoprotein metabolism is well known (Carlson 
and Mossfeldt 1964; Lithell et al. 1984; Dufaux et al. 
1981). 

Few studies have been undertaken to investigate 
the influence of a single period of exercise on lipopro- 
tein metabolism in detail. These studies have consis- 
tently documented time-dependent changes in serum 
concentrations of triglyceride (TG, decreased) and 
high density lipoprotein-cholesterol (HDL-C, in- 
creased) (Dufaux et al. 1981, 1986; Cullinane et al. 
1982; Kantor et al. 1984, 1987; Sady et al. 1986; Lamon- 
Fava et al. 1989; Davis et al. 1992). Furthermore, little 
information is available on the influence of a single pe- 
riod of prolonged exercise on the composition of lipo- 
protein subfractions. There is evidence that changes in 
composition of HDL as well as in low density lipopro- 
tein (LDL) subclasses occur after exercise (Berg et al. 
1983; Lamon-Fava et al. 1989). 

The present study was undertaken to examine the 
effects of a single period of prolonged exercise on se- 
rum lipid and lipoprotein concentrations and on the 
composition of lipoprotein subclasses, in this case 
HDL, to elucidate the role of energy metabolism in 
modulating lipoprotein metabolism. 

Methods 

Subjects and procedure. A homogeneous group of 13 male endu- 
rance-trained volunteers [age, 31.0 (SD 7.5) years; maximal oxy- 
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gen uptake (l/'O2max), 59.5 (SD 2.1) ml 'kg-1 .min-1 (determined 
in a stepwise aerobic treadmill test)] participated in a standar- 
dized endurance stress test (30 km cross-country running). The 
stress test was performed as a competition and each subject was 
encouraged to do his best. The mean running time was 130 (SD 
7.4) min. According to the lactic acid concentrations in the tread- 
mill test (maximal aerobic performance), the subjects performed 
the endurance stress test at a mean intensity of 78% of their 
rgO2m,~. The 1202m,x, as an index of each individual's maximum 
aerobic capacity was measured with an open spirometric system 
(Oxyconsigma, Schr6der GmbH, Iserlohn, Germany) in a maxi- 
mal aerobic stress test (Berg and Keul 1981). The subjects were 
assessed by medical history as well as clinical, electrocardiogra- 
phic and serological findings and there was no reason to suspect 
any chronic or metabolic diseases. 

To assess habitual food intake, 7-day records of diet were 
kept by the subjects. The records were analysed by the PRODI 
III plus software package (Kluthe 1989). Daily total energy in- 
take' [2917 (SD 564) kcal, 12222 (SD 2363) kJ] and the mean per- 
centages of energy intake for carbohydrate [50.3 (SD 6.2)%], fat 
[32.4 (SD 4.2)%], protein [13.7 (SD 2.1)%] and alcohol [3.5 (SD 
3.5) %] were calculated. All the participants were nonsmokers. 

Time schedule. Fasting blood samples were drawn between 7.30 
a.m. and 8.30 a.m. The subjects were then given a low energy 
carbohydrate-rich mixed meal. The test started at 10.00 a.m., the 
outdoor temperature was 18 ° C. In contrast to any other energy 
intake, fluid intake during and after the test was allowed ad libi- 
tum; 1 h after running was over the second blood samples were 
drawn. A third blood sample was taken the next day between 
7.30 a.m. and 8.30 a.m., which was 20 h after the end of the test, 
the subjects again being in a fasted state. 

Blood analysis. The spontaneously coagulated blood samples 
were centrifuged twice; serum aliquots were stored at 4°C and 
-35°C. Immediately after blood collection HDL-, LDL- and 
very low density lipoprotein-cholesterol (VLDL-C) concentra- 
tions were determined by lipoprotein electrophoresis (Wieland 
and Seidel 1978) and lipoprotein fractions and subfractions of 
HDL (HDL2, 1.063-1.125 g'ml-1; HDL3, 1.125-1.210g.m1-1) 
were prepared by ultraeentrifugation under standard conditions 
(Lindgren et al. 1972; Lindgren 1975). In each subfraction the 
concentrations of TG, total cholesterol (TC) and unesterified 
free cholesterol (FC) as well as phospholipids (PL) were mea- 
sured using commercial kits (Boehringer, Mannheim, Germany; 
bio Merieux, Ntirtingen, Germany). Concentrations of eholeste- 
rylester (CE) were calculated as molar difference between TC 
and FC. Apolipoprotein concentrations (apoA-I, apoA-II, apoB) 
were determined by nephelometry using specific human antisera 
from Beckman (Munich, Germany) and Behring (Marburg, Ger- 
many; apoA-II). 

To document exercise-induced changes in plasma volume 
packed cell volume was determined. 

Statistics. Differences between before and after values were 
tested for significance using Friedmans two-way ANOVA. Uni- 
variate comparisons (before vs i h, before vs 20 h) were perform- 
ed by Wilcoxon matched-pairs signed ranks test using SPSS/PC + 
(1983). 

Results 

As shown in Table  1, there  were  only small differences 
in se rum lipid- and apol ipopro te in  concent ra t ions  be- 
tween  before-  and 1-h after  exercise values. Bu t  20 h 
after  the field test, differences in TC,  T G  and apol ipo-  
pro te in  concent ra t ions  b e c a m e  m o r e  distinct and 
reached  significance levels. 

In  Table  2a acute  and de layed  changes  in the con-  
cent ra t ions  of  the V L D L  c o m p o n e n t s  are shown. All  
V L D L  c o m p o n e n t s  were  r educed  after  exercise, sug- 
gesting a reduc t ion  in the n u m b e r  o f  V L D L  particles. 
W e  found  the lowest  concent ra t ions  20 h after  the field 
test. O n  the o ther  hand,  we found  changes  in composi -  
tion, in tha t  V L D L  particles lost FC  and P L  after  exer-  
cise (Table  2b). Exerc ise- induced changes  in the con-  
centra t ions  o f  the c o m p o n e n t s  o f  H D L  and H D L  sub- 
fract ions were  ve ry  small (Table  3). 

Tab le  4 shows exercise- induced changes  in the rela- 
tive compos i t ion  of  H D L 3  and H D L 2  subfractions.  In  
bo th  H D L  subfract ions  we found  a typical  shift in lipid 
componen t s .  Af t e r  exercise, the relative amounts  of  
cholesterol  (FC, CE)  were  significantly increased in 
HDL3,  whereas  the contents  of  T G  and P L  were  signif- 
icantly decreased.  In  this subfract ion the relative 
a m o u n t  of  a p o A - I  r emained  unchanged ,  but  a p o A - I I  
con ten t  was significantly increased 1 h after  exercise. 
The  H D L 2  particles b e c a m e  significantly enr iched  in 
the relat ive a m o u n t  of  C E  but  lost T G  after  exercise. 
The  relat ive a m o u n t  of  apol ipopro te ins  r ema ined  un- 
changed  within these subfractions.  

All  of  the observed  changes  showed  their  maximal  
differences to the pre-exercise  values 20 h after  the  en- 
du rance  stress test. 

Discussion 

The  presen t  data  under l ine  the observa t ion  that  acute  
p ro longed  exercise affects lipid and l ipoprote in  meta -  

Table 1. Exercise-induced changes in total cholesterol (TC), very 
low density lipoprotein-cholesterol (VLDL-C), low density lipo- 
protein-cholesterol (LDL-C), high density lipoprotein-cholesterol 

(HDL-C), triglyceride (TG), and apolipoprotein concentrations 
(apoB, apoA-I, apoA-II) and packed cell volume 

TC TG VLDL-C LDL-C HDL-C apoB apoA-I apoA-II PCV 

(mmol. 1 - i) (mg. dl - 1) (%) 

mean SD mean SD mean SD mean SD mean SD mean SD mean SD mean SD mean SD 
Before exercise 4.53 0.78 1.10 0.31 0.31 0.14 2.78 0.58 1 .44  0.29 68.6 13 159 29 48 8 43.1 4.3 

1 h after 4.64 0.80 0.92 0.30 0.26 0.14 2.91 0.52 1 .47  0.43 69.6 16 150 33* 51 10 44.9 4.9 a 
20 h after 4.21 0.64** 0.76 0.20** 0.25 0.09 2.53 0.63* 1.44 0.49 63.6 12"* 134 23** 49 7 42.8 4.6 

n = 13. Significant differences versus pre-exercise values: * P<0.05, ** P<0.01 (Friedmann ANOVA and Wilcoxon sign 
a p <  0.01 (Friedmann ANOVA NS; Wilcoxon sign test); test) 
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Table 2a. Exercise-induced changes in concentrations of phospholipids (PL), unesterified cholesterol (FC), cholesterylester (CE), tri- 
glycerides (TG) and apolipoprotein B in very low density lipoprotein 

PL FC CE TG ApoB 

(mmol. 1 - 1 )  (mg" dl- 1) 

mean SD mean SD mean SD mean SD mean SD 
Before exercise 0.201 0.097 0.108 0.068 0.183 0.124 0.590 0.245 4.4 2.2 

1 h after 0.158 0.102" 0.086 0.070* 0.159 0.116 0.449 0.243 4.0 2.0 
20 h after 0.127 0.059** 0.056 0.045** 0.099 0.059* 0.381 0.146"* 2.9 0.8* 

n = 13. Significant differences versus pre-exercise values: 
* P<0.05, ** P<0.01 (Friedmann ANOVA and Wilcoxon sign test) 

Table 2b. Exercise-induced changes in the number of lipid mole- 
cules per very low density lipoprotein particle (calculated as mo- 
lar ratio of lipid per apoB) 

PL FC CE TG 

meanSD meanSD meanSD meanSD 
Before exercise 2395 567 1230 286 2019 476 7444 2929 
1 h after 1905 437 a 971 337* 1850 478 5671 1299 ~ 

20 h after 2158 649 898 516" 1673 630 6752 2343 

n = 13. Significant differences versus pre-exercise values: 
a P<0.05 (Friedmann ANOVA NS; Wilcoxon sign test); 
* P < 0.05 (Friedmann ANOVA and Wilcoxon sign test) 

bolism in a characteristic way. As confirmed by subse- 
quent studies, increased TG utilisation has to be re- 
garded as a key event (Dufaux et al. 1981; Cullinane et 
al. 1982; Sady et al. 1986). We found lowered TG con- 
centrations in serum and V L D L  as well as in H D L  and 
L D L  subfractions (for L D L  see part II  of this study, 
Baumstark et al. (1993)). Both, enhanced peripheral 
clearance of plasma TG and decreased liver secretion 
via V L D L  have to be considered as possible explana- 
tions for the lowered serum TG concentrations. It is 
well-known that during prolonged exercise an increas- 

ing demand for fatty acids as energy substrates is pro- 
vided via enhanced lipolysis of TG and TG-rich lipo- 
proteins (Keul 1975; Paul 1975; Berg et al. 1989). The 
TG catabolism has been shown to be mediated by the 
activity of lipoprotein lipase (LPL; Taskinen et al. 
1980). The LPL has been shown to be synthesized in 
adipocytes and muscle cells, later released and trans- 
ported to the capillary endothelium where it binds to 
the luminal surface (Nilsson-Ehle et al. 1980; Saxena et 
al. 1991). When the muscle TG-stores are mobilized, 
the synthesis of LPL in the muscle endothelial bed is 
increased and the activities of adipose tissue LPL and 
postheparin (plasma) LPL have been found to be ele- 
vated (Kantor et al. 1984, 1987; Sady et al. 1986; Savard 
et al. 1987) leading to increased catabolism of TG and 
TG-rich lipoproteins. 

Our  current knowledge suggests that there are at 
least two separate metabolic processes that link H D L  
to TG-rich lipoproteins. Firstly, H D L  acts as an accep- 
tor for material released from V L D L  during their lipo- 
lyses and, secondly, there is an exchange of lipids be- 
tween H D L  and V L D L  mediated by specific lipid 
transfer proteins. As the present data show, the de- 
crease in V L D L  concentration was accompanied by 
changes in the relative composition of H D L  subfrac- 

Table 3. Exercise-induced changes in the concentrations of phospholipids (PL), unesterified free cholesterol (FC), cholesterylester 
(CE), triglycerides (TG) and apolipoprotein A-I and apoA-II in high density lipoprotein subfractions 

PL FC CE TG apoA-I apoA-II 

(mmol. 1 - 1) (mg. dl - a) 

HDL mean SD mean SD mean SD mean SD mean SD mean SD 
Before exercise 1.1913 0.2116 0.2320 0.0994 1.2564 0.2812 0.1231 0.0399 115.92 28 .62  42.58 5.94 

1 h after 1.1894 0.2128 0.2669 0.0763* 1.3163 0.2785 b 0.0990 0.0279* 116.09 25 .38  44.73 6.51 
20 h after 1.1520 0.2186 0.2624 0.0799* 1.2337 0.2808 0.0832 0.0257** 104.05 20.74 a 43.57 7.79 

HDL3 
Before exercise 0.3902 0.0529 0.0568 0.0115 0.3984 0.0739 0.0293 0.0089 64.31 10 .56  22.41 3.86 
1 h after 0.3891 0.0478 0.0632 0.0099 a 0.4368 0.0713 0.0250 0.0069 61.08 8.37 24.28 3.04 

20 h after 0.3653 0.0480 0.0609 0.0099 0.4112 0.0592 0.0226 0.0086 ~ 59.95 10.21 21.34 3.22 

HDL2 
Before exercise 0.7328 0.1977 0.1673 0.0644 0.7626 0.2092 0.0751 0.0262 55.94 16 .59  17.26 3.15 
1 h after 0.7366 0.2033 0.1806 0.0642 0.8148 0.2283 0.0622 0.0182 57.91 20.11 17.43 4.10 

20 h after 0.7512 0.2233 0.1834 0.0739 0.8022 0.2416 0.0549 0.0191"* 55.60 17 .80  17.05 4.86 

n = 13. Significant differences versus pre-exercise values: * P < 0.05, ** P< 0.01 (Friedmann ANOVA and Wilcoxon sign test) 
a p<  0.05 (Friedmann ANOVA NS; Wilcoxon sign test) b p > 0.05 (Friedmann ANOVA; Wilcoxon sign tests NS) 
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Table 4. Exercise-induced changes in the relative composition of high density lipoprotein-subfraetions. Phospholipids (PL), unesterified 
free cholesterol (FC), cholesterylester (CE), triglycerides (TG), apolipoprotein A-I and apoA-II 

PL FC CE TG apoA-I apoA-II 

(% mass) 

HDL3 

Before exercise 20.6 2.7 1.5 0.2 17.4 1.4 1.8 0.7 43.5 3.5 15.1 1.3 
1 h after 20.4 1.1 1.6 0.2* 19.0 1.3" 1.5 0.5 41.1 2.3 16.4 0.6 a 

20 h after 20.3 1.9" 1.7 0.2* 18.9 1.4"* 1.4 0.5* 42.5 1.5 15.2 1.2 

HDL2 
Before exercise 29.4 0.9 3.3 0.5 25.7 2.0 3.5 1.3 28.8 2.1 9.3 1.6 

1 h after 28.9 0.9 3.5 0.3 b 26.8 1.3 2.9 1.0" 28.8 2.4 9.0 1.8 
20 h after 29.8 0.6 3.5 0.5 26.8 1.3"* 2.6 0.9** 28.3 2.3 8.9 1.7 

n = 13. Significant differences versus pre-exercise values: 
a p <  0.05 (Friedmann ANOVA NS, Wilcoxon sign test); 

* P < 0.05, ** P < 0.01 (Friedman ANOVA and Wilcoxon sign test) 
b P<0.05 (Friedmann ANOVA; Wilcoxon sign test NS) 

tions. The differences in HDL subfraction composition 
were small 1 h after the field-test and became more 
pronounced in the early regeneration period. At this 
time postexercise HDL particles showed a changed lip- 
id pattern with elevated concentrations of cholesterol 
(FC, CE) and lowered concentrations of PL and TG. A 
more or less pronounced increase in concentration of 
HDL-C within the two HDL subfractions following 
acute exercise has been described earlier (Berg et al. 
1983; Kantor et al. 1984; Kuusi et al. 1984; Dufaux et 
al. 1986; Davis et al. 1992). The observed cholesterol 
enrichment of HDL particles might either have been a 
consequence of the incorporation of surface compo- 
nents of VLDL remnants, or a consequence of the up- 
take of peripheral cholesterol. In both cases small 
HDL precursors will have been converted to choleste- 
rol-laden HDL3 particles. It is well-known that choles- 
terol-enriched HDL3 particles are a preferred substrate 
for the enzyme lecithin:cholesterol acyltransferase 
(LCAT) (Fielding and Fielding 1971). Under the ac- 
tion of LCAT, unesterified cholesterol located in the 
particle surface is esterified and afterwards displaced 
to the lipophilic core of the lipoprotein particle, a proc- 
ess which is regarded to be the initial event in the con- 
version of HDL3 to cholesterol-rich HDI_~ particles. 
As has been documented by a few studies, LCAT ac- 
tivity is elevated following physical activity (Dufaux et 
al. 1986; Frey et al. 1991). The increased amounts of 
CE in HDL2 particles we found after exercise might 
therefore have been a result of an exercise-induced in- 
crease in LCAT activity. 

On the other hand, lipid transfer processes may also 
have played a role in inducing changes in particle com- 
position, but very little is known about the influence of 
exercise on the activity of lipid transfer proteins. 

Few data have been published concerning exercise- 
induced changes in apolipoprotein concentrations. 
After exercise most authors have found concentrations 
of apoA-I and apoA-II either unchanged or just slight- 
ly altered (increased apoA-I, decreased apoA-II; Kan- 
tor et al. 1984; Sady et al. 1986; Lamon-Fava et al. 
1989; Dufaux et al. 1986; Frey et al. 1991). We found 
serum apoA-I concentrations reduced after exercise, 

reaching their lowest concentrations 20 h later ( - 16%, 
P<0.01),  confirming data published by Lithell et al. 
(1984). The reduction in apoA-I concentration was less 
pronounced in HDL  ( - 1 0 % ,  P <  0.05). Within HDL3 
we found apoA-I concentrations reduced after exercise 
by about 7% (NS), in HDI~ apoA-I concentrations 
were unchanged after exercise, leading to the assump- 
tion that the exercise-induced changes in apoA-I con- 
centration were partly due to variations in apoA-I not 
associated with HDL  particles. 

All of the observed changes in lipoprotein concen- 
tration and composition showed a characteristic time 
course, with maximal differences compared to pre-ex- 
ercise values in the early regeneration period, agreeing 
with the data obtained in earlier studies (Dufaux et al. 
1981, 1986; Cullinane et al. 1982; Lithell et al. 1984; 
Kantor et al. 1984, 1987; Lamon-Fava et al. 1989). The 
low concentrations of TG (in serum and lipoproteins), 
even 20 h after exercise agree with the observation that 
muscle LPL activity is still elevated in the regeneration 
phase (Lithell et al. 1984; Sady et al. 1986; Kantor et al. 
1987), leading to the assumption that the circulating 
TG-rich lipoproteins may play a role in replenishing 
the intramuscular TG stores during the regeneration 
period. 

In conclusion, our data would confirm that a single 
period of prolonged exercise induces a marked de- 
crease in TG in serum and lipoprotein fractions. This 
effect is accompanied by an increased cholesterol con- 
tent in HDL3 and HDL2 subfractions. As concentra- 
tions of apoA-I in HDL2 remained unchanged after ex- 
ercise, we would suggest that the HDI_~ subfraction 
serves as an effective lipid shuttle, taking up remnants 
of catabolized TG-rich lipoproteins during and after 
exercise as well as in the regeneration period. 
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