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Abstract  
Systemic inflammation has been found in association with vas-
cular endothelial function for clinical implications including 
exercise-induced pathology. However, information on the rela-
tionship between the exercise-related inflammatory responses 
and endothelial function is limited. This study aimed to investi-
gate the effects of prolonged endurance exercise on the expres-
sion of selected soluble adhesion molecules and inflammatory 
markers. Twenty-four middle-aged males participating in a 308 
km ultra-marathon were recruited in this study. Venous blood 
was collected at baseline, 100 km, 200 km, and 308 km for the 
analysis of sVCAM-1, sE-selectin, leukocytes, hs-CRP, CK, and 
TNF-α. Significant increases of sVCAM-1, sE-selectin, and 
leukocytes were observed at 100 km. sVCAM-1 had the greatest 
significant increase at 100 km. In addition, sVCAM-1 was 
significantly associated with the running speed and leukocytes. 
sE-selectin was significantly associated with leukocytes, hs-
CRP, TNF-α, and CK. Delayed rises in hs-CRP and CK were 
observed at 200 km. TNF-α fluctuated throughout the race with 
a significant increase at 308 km. Delayed onset of hs-CRP and 
continuously increased sE-selectin suggest anti-inflammatory 
responses to suppress pro-inflammatory markers such as TNF-α. 
Prolonged repetition of muscle contraction may have released 
delayed CK and significant rise in TNF-α toward the end of the 
race. The present study demonstrated an activation of the surro-
gate markers of endothelial dysfunction in relationship to exer-
cise intensity and leukocyte trafficking without a significant 
activation of the inflammatory responses. Thus, alteration of the 
endothelium may be related to increased blood flow and shear 
stress put upon the endothelium in response to increased oxygen 
demand on the heart. 
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Introduction 
 
Physical activity is known for various beneficial effects 
on human body. Regularly performed moderate physical 
activity is known to reduce cardiovascular risk factors 
(Mora et al., 2007) and improve blood and lipid profiles 
(Dunn et al., 1997). However, studies on extreme physical 
activity involving long duration and heavy exertion have 
shown to increase the risk for cardiovascular events, 
(Maron et al., 1996; Siegel, 1997), myocardial infarction, 
sudden death, (Burke et al., 1999) and abnormal ranges of 
cardiac  markers  (Fortescue et al., 2007; La Gerche et al.,  
2004; Scott et al., 2009). 

However, the negative aspects of excessive exer-
cise on the cardiovascular system are not well understood. 

It is especially true for the exercise-related vascular endo-
thelial dysfunction. Recent studies have started to show 
the crucial role of the endothelium in cardiovascular 
health. The recent observational studies closely associate 
the involvement of vascular endothelial and inflammatory 
factors to cardiovascular complications (Tousoulis et al., 
2008; van Bussel et al., 2011). Inflammatory mediators 
are known to play an essential role in the pathogenesis of 
atherosclerosis and development of atheroma (Blake and 
Ridker, 2001; Bolad and Delafontaine, 2005). Abnormal 
endothelial function has been observed in various cardio-
vascular related pathogenesis such as congestive heart 
failure, coronary heart disease, and hypertension 
(Balciunas et al., 2009; Bolad and Delafontaine, 2005; 
Goel et al., 2007; van Bussel et al., 2011). In support of 
such reports, improvements in the endothelial function 
and inflammation were associated with reduction in car-
diovascular events (Tousoulis et al., 2008).  

Recently published reports have been associating 
physical activity with the activation of endothelium and 
inflammation (Marsh and Coombes, 2005; Suzuki et al., 
2003). Moderately performed exercise is known to im-
prove endothelium function and inflammation responses 
(Di Francescomarino et al., 2009; Petersen and Pedersen, 
2005). However, previous reports showed that exhaustive 
or vigorous exercise increased circulating inflammatory 
markers and altered the state of endothelium for further 
induction into the pathogenic state (Bartzeliotou et al., 
2007; Bernecker et al., 2011; Goel et al., 2007; Scherr et 
al., 2011). In addition, chronic inflammation and endothe-
lial dysfunction may lead to impaired exercise capacity 
(Bartzeliotou et al., 2007; Marsh and Coombes, 2005; 
Stewart et al., 2004). 

Inflammatory processes involve several markers 
of inflammatory cascade (Bartzeliotou et al., 2007; Blake 
and Ridker, 2001; Suzuki et al., 2003). In the early phase 
of the endothelial damage, leukocytes migrate to the in-
jury site for adhesion and transendothelial migration into 
the tissue. Selectin family of adhesion molecules such as 
E-, L- and P-selectin move to the endothelial surface for 
tethering and rolling of leukocytes on to the vascular wall 
(Balciunas et al., 2009; Marsh and Coombes, 2005). Im-
munoglobulin-like molecules, sVCAM-1 and ICAM-1, 
are involved in firm adherence of leukocytes onto the 
surface of endothelium to further promote inflammatory 
responses (Jaakkola et al., 2000; Porreca et al., 2002).  

Pro-inflammatory markers such as TNF-α, IL-6 
and hs-CRP are known to be involved in the classical 
symptoms of inflammation (Bernecker et al., 2011). Vig-
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orous exercise is also known to substantially increase the 
pro-inflammatory markers (Bernecker et al., 2011; 
Ostrowski et al., 1999; Scherr et al., 2011). However, 
although the association between the endothelial and 
inflammatory markers has been suggested in previous 
studies (Marsh and Coombes, 2005; Pedersen et al., 2007; 
Smith, 2000), the relationship is still in debate (Bernecker 
et al., 2011). 

Most of the exercise-related studies observed the 
inflammatory and endothelial markers before and after the 
exercise performance for pre-post comparison. However, 
the concentration of the inflammatory and endothelial 
markers are known to bioactively change in response to 
exercise intensity, duration, recruited muscle mass, and 
endurance capacity (Bernecker et al., 2011; Febbraio and 
Pedersen, 2002; Pedersen and Hoffman-Goetz, 2000). 
Information on the behavior of the markers can be limited 
by observing and comparing pre and post results. Observ-
ing the transient changes of the markers may further elu-
cidate the influencing factors on the endothelial dysfunc-
tion. 

Therefore, this study aimed to explore the releas-
ing points and interactions of the parameters, using the 
consecutive measurements of the surrogate parameters of 
endothelial dysfunction and inflammatory markers during 
a prolonged endurance exercise. To accomplish this, rep-
resentative circulating endothelial adhesion molecules, 
and inflammatory markers of sE-selectin, sVCAM-1, 
TNF-α, Creatine kinase (CK), hs-CRP, and leukocytes 
were measured at baseline, 100 km, 200 km, and at the 
end of the 308 km ultra-marathon race. 
 
Methods 
 
Subjects and study protocol 
Marathon runners with previous completion records of 
42.195 km marathons within five hours, minimum of one 
prior completion history of ultra-marathon with distance 
equal to or greater than 100 km, and 5 years of prior 
marathon experience were recruited voluntarily. The 
study protocol was approved and performed according to 
the guidelines set by the Ethics Committee of Inha Uni-
versity Hospital in Incheon, Korea. Informed consent was 
obtained from all subjects after a detailed explanation of 
the meaning and procedure of the study.  

The personal history of the participants was col-
lected by a questionnaire prior to the race. The partici-
pants were tested for the cardiovascular health 2 weeks 
prior to the ultra-marathon via graded exercise testing 
(GXT) on a treadmill. The participants were screened for 
cardiovascular disease, diabetes, renal disease, and he-
patic disease, and blood pressure medications for the 
study criteria. The meaning, purpose, experimental proto-
col, and any possible risks related to this study were fully 
explained to all participants prior to obtaining written 
consent forms.  

Out of 174 marathoners, 62 participants gave their 
consents to participate in the study. 38 participants were 
excluded from the study due to exclusion criteria (n = 26) 
or incompletion or voluntary withdrawal from the race (n 
= 12). The remaining 24 volunteers were included in the 

study. The subjects included male volunteers with median 
age and BMI of 49.5 (47 - 54) years and 23.7 (23.7 - 25.0) 
kg·m-2, respectively. The participants had marathon ex-
perience of 120.0 (78.8 - 141.8) months, participated in 
marathons 37.5 (20.0 - 60.8) times, and completed 42.195 
km marathon in 218 (202.75 - 230) minutes with the best 
completion time of 198.0 (190.0 - 210.0) minutes. The 
general characteristics of the participants are summarized 
in Table 1. 
 
Table 1. Baseline characteristics, responses to graded exer-
cise testing (GXT), and ultra-marathon records. Data are in 
median (interquartile ranges). 

Characteristics All subjects (n=24) 
Age (years) 49.5 (47 - 54) 
Height (m) 168.3 (164.2 - 171.8)  
Weight (kg) 65.5 (64.2 - 71.4) 
BMI (kg·m-2) 23.7 (23.7 - 25.0) 
Marathon experience (month) 120.0 (78.8 - 141.8) 
Number of participated marathons 37.5 (20.0 - 60.8) 
Average completion time (min) 218 (202.75 - 230) 
Record time (min) (n =20) 198.0 (190.0 - 210.0) 
Graded exercise testing (GXT)  
Exercise intensity (RPE) 13 (11 - 13) 
VO2max (ml·kg-1·min-1) 47.0 (44.6 - 49.0) 
At rest  
HR (bpm) 60.0 (53.0 - 67.8) 
SBP (mmHg) 117 (108.0 - 128.0) 
DBP (mmHg) 77 (70.5 - 81.5) 
At maximum  
HR (bpm) 171.5 (164.5 - 181.5) 
SBP (mmHg) 215.0 (200.0 - 237.5) 
DBP (mmHg) 76.0 (68.0 - 82.8) 

Total completion time (min) 3614.5 (3393.0 - 
3722.0) 

Mean speed (km/hr) 5.1 (5.0 - 5.5) 
From 0 to 100 km  7.6 (7.2 - 8.4) 
From 100 to 200 km 4.74 (4.6 - 5.1) * 
From 200 to 308 km 4.5 (4.3 - 4.6) *† 

Treadmill graded exercise testing (GXT) was conducted 4 weeks prior to 
the ultramarathon race on all volunteers. The symbols next to the values 
indicate following meanings. * The difference is significant from 100 
km, p < 0.001, † The difference is significant from 200 km, p < 0.001. 
 

The race started from Changhoo-ri dock of 
Ganghwa-do at 10 a.m. The finishing point was in 
Kyungpo Beach of Gangneung on the east coast of South 
Korea. The 100 km checkpoint was at Hanam city hall in 
Gyeonggi-do, and the 200 km checkpoint was at Dunnae 
rest area in Gangwon-do. The runners were required to 
arrive at 100 km, 200 km, and 308 km checkpoints within 
16, 39, and 64 hours, respectively. Mineral water and 
meals arranged in a Korean style with mostly of carbohy-
drates and proteins were offered at every 50 km. The 
runners were allowed to arrange extra food and water for 
additional supplementation. The ambient temperature at 
the starting point was 16.3°C with relative humidity of 
40%. The temperature fluctuated between 13°C and 
26.5°C from Ganghwa to Gangneung. The procedure of 
the study is summarized in Figure 1. 
 
Graded exercise testing (GXT) 
GXT was performed on the participants two weeks prior 
to the marathon using the Bruce protocol. Twelve-lead 
electrocardiogram (ECG) was monitored and recorded  
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         Figure 1. Flow chart of the study procedure. 
 
continuously during GXT. The maximal oxygen uptake 
(VO2max) was defined as the highest value or the plateau 
of directly measured oxygen consumption using a respira-
tory gas analyzer (QMC; Quinton metabolic cart, Quinton 
Instrument CO., Boston, USA). Exercise blood pressure 
(BP) was measured during the last minute of each 3-min 
stage and at the moment of the maximum effort. BP was 
measured with the cuffed arm relaxed and without hold-
ing onto the side bar of the treadmill on an automatic BP 
monitor designed for GXT (Model 412, Quinton Instru-
ment CO, Boston, USA). Furthermore, the use of an inte-
grated head-set was employed by the assessors to ensure 
correct identification of the Korotkoff sounds for meas-
urement of systolic and diastolic blood pressures. The 
maximal SBP was defined as the highest value achieved 
during the test. The test was terminated if the participants 
showed excessive fatigue to continue walking safely on a 
treadmill, an increase in SBP greater than 250 mmHg, 
chest discomfort, severe dizziness, leg fatigue, exhaus-
tion, dyspnea, or more than 1 mm of horizontal or 
downslope  ST segment depression. The participants with 
ST segment depressions were excluded from the study. 
 
Blood sampling 
Blood samples were collected from the antecubital vein of 
the participants according to the guidelines of the Clinical 
and Laboratory Standards Institute (CLSI) to identify the 
changes in the serum markers two hours before, 100 km, 

200 km, and immediately after the ultra-marathon. The 
subjects consumed water, electrolytes, and carbohydrate 
ad libitum before, during and after the race. The blood 
samples were collected and immediately transferred to 
sterile EDTA (anticoagulant containing tube) and SST 
(serum separator tube) blood collection tubes (BD Vacu-
tainer® SST, USA). EDTA blood collection tubes were 
immediately stored on ice and transferred to a laboratory 
for CBC (complete blood count) analysis. SST blood 
collection tubes were centrifuged at 3,400 rpm at 4 C° for 
10 minutes for serum separation. Serum was separated in 
collection tubes and stored frozen at -70 C° for further 
analysis of CK, CRP, TNF-α, sVCAM-1, and sE-Selectin. 

 
Blood analysis 
The concentrations of plasma cytokines were measured 
using the commercial ELISA kits according to the manu-
facturer’s instructions. Plasma TNF-α, soluble VCAM-1, 
and soluble E-selectin concentrations were measured with 
the Quantikine Human TNF-α, Soluble VCAM-1, and sE-
Selectin/CD62E kits from R&D Systems (R&D, USA). 
The ELISAs were performed using a microplate reader 
(VERSAmax, Molecular Devices, USA). The intraassay 
precisions of the measurement for TNF-α, sVCAM-1, and 
sE-Selectin were provided by the manufacturer and was 
reported to have 4.3%, 3.5%, and 5.7% coefficient of 
variations (CV) with reference values of 0.5 ~ 32 pg·mL-1, 
125 ~ 4000 ng·mL-1, and 1.25 ~ 80 ng·mL-1, respectively. 
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CK was assayed by PE, Modular Analytics using an en-
zymatic kinetic assay (Roche Diagnostics, Mannheim, 
Germany). The intra-assay precision presented by manu-
facturers had a coefficient of variation of 6.7 % and a 
reference value less than 190 U/L.  HS-CRP (high sensi-
tivity C-reactive protein) was determined by immunotur-
bidimetric analysis using the hs-CRP Roche Diagnostic 
Cobas Integra C-reactive Protein (Latex) and Modular 
analytics for analysis (Roche Diagnostics, Mannheim, 
Germany). The assay was sensitive to the value of 0.085 
mg·L-1. The reference values were as followed: Low: < 
1.0 mg·L-1, Average: 1.0~3.0 mg·L-1, High: > 3.0 mg·L-1. 
A clinical personnel performed on-site measurements for 
complete blood counts (CBC) for leukocytes, hematocrit, 
and hemoglobin. Analysis was performed with a hematol-
ogy analyzer (Advia 120, Bayer Diagnostics, Berkshire, 
UK).  

 
Statistical analysis  
Statistical analysis of the data was performed by the Sta-
tistical Package for Social Sciences (SPSS) version 15 
software (SPSS Inc., Chicago, IL, USA). Baseline charac-
teristics and responses to GXT are expressed in median 
(interquartile range) for all subjects. To determine the 
significant changes in the endothelial dysfunction and 
inflammation markers for each checkpoints of baseline, 
100 km, 200 km, 308 km, repeated measures analysis of 
variance test (ANOVA) was performed. The results are 
expressed in mean±SED (Standard error of mean). The 
Bonferroni’s test was performed for multiple compari-
sons. Pearson correlation analysis was performed to ex-
amine the relationship between the markers and mean 
speed. The results were considered significant when the 
probability was less than 0.05. 

  
Results 

 
In order to observe the changes of the vascular endothelial 
and inflammation markers during prolonged strenuous 
and competitive physical activity, sVCAM-1, sE-Selectin, 
TNF-α, CK, hs-CRP, and leukocyte counts were analyzed 
from the blood collected at baseline, 100 km, 200 km, and 
308 km. Hb and Hct were also analyzed to adjust possible 
hemoconcentration or hemodilution during the race ac-
cording to previous studies (Dill and Costill, 1974; 
Maughan  et  al., 1985). Hb and Hct increases were meas- 

ured at 100 km indicating hemoconcentration during 
strenuous physical activity. However, significant reduc-
tions in Hb and Hct concentrations at 200 km and 308 km 
showed hemodilution during prolonged physical activity.  
During prolonged submaximal exercise, restoration of 
plasma volume after the initial hemoconcentration was 
reported (van Beaumont et al., 1981). 

Baseline characteristics and responses to graded ex-
ercise testing (GXT) are shown in Table 1. The ultra-
marathons records such as total completion time and 
mean speed were measured at each checkpoint also shown 
between the checkpoints of 100 km, 200 km, and 308 km 
(Table 1). The total completion time and speed expressed 
in median and range are 3614.5 (3393.0 - 3722.0) minutes 
and 5.1 (5.0 - 5.5) km·hr-1, respectively. The median 
speeds significantly decreased from 100 km to 200 km, 
from 100 km to 308 km, and 200 km to 308 km (Table 1).  

sVCAM-1, sE-Selectin, TNF-α, CK, hs-CRP, and 
leukocytes counts were analyzed for each checkpoint 
(Table 2). sVCAM-1 significantly increased from base-
line to 100 km and 308 km. sVCAM-1 significantly de-
creased from 100 km to 200 km and 308 km. sE-selectin 
significantly increased from baseline  to 100 km, 200 km, 
and 308 km. sE-selectin also significantly increased from 
100 km  to 308 km.  

TNF-α fluctuated in concentration by significantly 
decreasing from 100 km to 200 km , and significantly 
increasing from 200 km to 308 km. Overall, TNF-α in-
creased significantly from baseline to 308 km. CK sig-
nificantly increased from baseline to all checkpoints of 
100 km, 200 km, and 308 km. CK also significantly in-
creased from 100 km to 200 km  and 308 km. Hs-CRP 
also significantly increased from baseline to all check-
points of 100 km, 200 km, and 308 km. Leukocytes sig-
nificantly increased from baseline to 100 km and 308 km. 
However, a significant reduction was shown at 308 km 
from 200 km. The correlation between sVCAM-1 and 
inflammatory variables and running speed as well as sE-
selectin and inflammatory variables and running speed 
were calculated for all values from baseline to 308 km. 
All values were calculated after adjusting for the cardio-
vascular fitness or VO2max values measured during GXT. 
Significant correlating relationships were observed be-
tween sVCAM-1 and running speed, and leukocytes. sE-
selectin showed significant correlating relationship with 
leukocytes, TNF-α, hs-CRP, and CK (Table 3).  

 
 

Table 2. Changes in endothelial dysfunction and inflammation markers in all subjects (n=24). Data are means 
(±Standard error of mean). 

Markers baseline 100 km 200 km 308 km 
sVCAM-1 (ng·mL-1) 870.51 (37.08) 1233.17 (78.11) * 921.80 (46.26) † 953.65 (41.96) *† 
sE-Selectin (ng·mL-1) 30.21 (2.09) 40.14 (2.75) * 44.55 (2.94) * 48.08 (4.04) *† 
TNF-α (pg·mL-1) 3.68 (.15) 4.00 (.20) 3.37 (.18) † 4.50 (.36) *‡ 
CK (U·L-1) 113.92 (8.65) 1311.35 (246.02) * 8528.82 (1409.54) *† 9368.97 (1652.07) *† 
hs-CRP (mg·L-1) .40 (.10) 5.06 (1.46) * 25.56 (3.82) *† 21.87 (3.49) *† 
Leukocyte (x106/µL) 6.20 (.32) 13.10 (.61) * 13.10 (.53) * 12.86 (.93) *‡ 
Hb (gm/dL) 14.28 (.28) 14.76 (.27) * 13.91 (.26) † 13.15 (.24) *†‡ 
Hct (%) 41.89 (.75) 42.87 (.66) 40.24 (.68) *† 38.49 (.65) *†‡ 

All changes were compared to previous values. The symbols next to the values indicate following meanings. *The mean difference is 
significant from baseline, p < 0.05, † The mean difference is significant from 100 km, p < 0.05, ‡ The mean difference is significant from 
200 km, p < 0.05, Hb: hemoglobin, Hct: hematocrit, sE-Selectin: serum E-selectin, TNF-α: tumor necrosis factor-alpha, CK: creatine 
kinase, hs-CRP: high sensitivity C-reactive protein, sVCAM-1: soluble vascular cell adhesion molecule-1.  
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Discussion 
 
This study observed the changes in the surrogate parame-
ters of endothelial dysfunction in relationship with         
the   inflammatory   markers   by   observing    sVCAM-1,  
sE-selectin, TNF-α, CK (creatine kinase), hs-CRP (high-
sensitivity CRP), and leukocytes during a prolonged and 
strenuous 308 km ultra-marathon race. 24 marathoners 
completed the 308 km ultra-marathon with blood sam-
plings at 4 different checkpoints of baseline, 100 km, 200 
km, and 308 km.  
 
Table 3. Correlation (r) between soluble VCAM-1, e-Selectin 
and running speed (n=20). 

 sVCAM-1 sE-selectin  
Running speed (km/hr) .365 ** -.242  
Leukocytes (x106/µL) .407 ** .537 ** 
hs-CRP -.194 .476 ** 
TNF-α .081 .347 ** 
CK -.075 .300 * 

All values adjusted for VO2max. Significance level: * p < 0.01, ** p < 
0.001. 
 

The markers observed during the race showed dif-
ferent responses at each checkpoint. sVCAM-1 and sE-
selectin, measured for indication of vascular endothelial 
dysfunction, and leukocytes, measured for inflammation, 
showed the greatest increases at 100 km. On the other 
hand, TNF-α, measured for pro-inflammatory activity, 
significantly decreased at 200 km and continued to in-
crease at 308 km. Furthermore, CK and hs-CRP showed 
the greatest increases at 200 km (Table 2). 

Significantly greater increases in sVCAM-1, sE-
selectin, and leukocytes at 100 km suggest a relationship 
between exercise intensity and endothelial function. The 
correlating relationship between the endothelial adhesion 
markers and leukocytes supports such suggestion (Table 
3). Furthermore, the significant relationship between the 
running speed and sVCAM-1 may support a positive 
relationship between the vascular function and exercise 
intensity (Table 3). sVCAM-1, a surrogate parameter of 
endothelial dysfunction measured at various clinical 
fields, (Bolad and Delafontaine, 2005; Silvestro et al., 
2005; Stewart et al., 2004) had the greatest significant 
increase at 100 km. The median running speed of the 
marathoners from the starting point to the 100 km check-
point was comparatively vigorous in terms of exercise 
intensity (ACSM, 2009). Exercise intensity significantly 
decreased to a moderate intensity at 200 km and 308 km 
(Table 1). 

The reasons for such correlating relationship be-
tween the endothelial adhesion molecules, leukocytes and 
exercise intensity could be multifactorial. Although exer-
cise-related stress confers protection against diseases such 
as atherosclerosis, exercise-induced stresses may also lead 
to negative consequences (Marsh and Coombes, 2005). 
Exhaustive endurance exercise induces various significant 
physiological changes such as increased heat production, 
heart rate, leukocyte count, leftward shift of neutrophil 
nucleus, shear stress along with stress hormones for leu-
kocyte release and systemic inflammation (Suzuki et al., 
1999). Upon inflammatory stimulation, the endothelial 

barrier function is rapidly lost and adhesion molecules are 
expressed on the luminal surface of endothelium. Leuko-
cytes migrate from blood into the inflammatory sites by 
tethering, rolling, activation, and firm adhesion to adhe-
sion molecules expressed on endothelium (Bartzeliotou et  
al., 2007; Nielsen and Lyberg, 2004). 

Increased leukocyte trafficking and blood velocity 
are characteristics of increased physical activity 
(Bartzeliotou et al., 2007). Shear stress increased during 
exercise results from oxygen demand in working muscle 
and a subsequent increase in cardiac output. Increased 
exercise intensity increases resistance or laminar shear 
force exerted by circulating blood upon the blood vessel 
walls (Marsh and Coombes, 2005; Stewart et al., 2004). 
Such increased shear force may increase the activation of 
sVCAM-1 to the risk level of endothelial dysfunction. In 
addition, increased systemic release of leukocytes has 
been related to increased stress hormones, catecholamine, 
cortisol, and GH, intermediated by exercise-intensity 
(Suzuki et al., 1999). 

The counteractive relationship should also be con-
sidered in explaining the changes in the markers during a 
prolong endurance race. Circulating selectin including sE-
selectin is known to inhibit lymphocyte adhesion to the 
endothelium at a high enough concentration (Nielsen and 
Lyberg, 2004). Anti-inflammatory cytokines are also 
known to release upon increased pro-inflammatory cyto-
kines for suppression and prevention of inflammatory 
tissue damage (Suzuki et al., 2003). sE-selectin also 
showed a relationship with the inflammatory markers 
such as leukocytes, hs-CRP, CK, and TNF-α (Table 3). 
Such results suggest a complex bioactive mechanism of 
sE-selectin through various influencing factors. 

The inflammatory markers express different re-
sponses to exercise (Bernecker et al., 2011). CK and hs-
CRP showed delayed significant increases at 200 km. 
TNF-α significantly decreased at 200 km and increased at 
308 km. Possible reasons for such changes in the inflam-
matory markers could be also multifactorial. Delayed 
release of hs-CRP was shown at 200 km along with CK. 
Hs-CRP released from hepatocytes is induced by IL-6, 
cytokine involved in glucose homeostasis and inhibition 
of TNF-a production during exercise (Pue et al., 1996; 
Vermeire et al., 2004). Hs-CRP is also known to suppress 
synthesis of pro-inflammatory cytokines with the greatest 
plasma level shown at a day (24 hours) into the race 
(Pedersen and Hoffman-Goetz, 2000).  

CK, a marker for muscle damage during exercise, 
was affected by exercise duration and intensity (Kim et 
al., 2007). The relationship between CK, delayed onset of 
muscle soreness (DOMS), and cytokines was previously 
reported (Nieman et al., 2005). Muscle damage depends 
on the rise in inflammation, induced by excessive repeti-
tion of muscle contraction. Exercise resulting in DOMS 
and injury induce neutrophil infiltration into the damaged 
tissue and delayed cytokine efflux into the circulation 
(Suzuki et al., 1999). 

TNF-α is a known pro-inflammatory cytokine in-
volved in pathogenesis of cardiovascular complications 
(Meldrum et al., 1998; Pedersen et al., 2001). Increase in 
TNF-α after physical activity, such as a marathon, has 



Inflammatory responses to ultra-marathon 

 
 

 

724 

been associated with a higher risk of acute cardiac dys-
function (Ostrowski et al., 1999). Despite the reports of 
the involvement of TNF-α to the endothelial pathology, a 
correlation relationship between sVCAM-1 and TNF-α 
was not observed in this study (Dschietzig et al., 2012; 
Picchi et al., 2006). While sVCAM-1 significantly in-
creased at the early phase of the race, TNF-α significantly 
increased toward the late phase of the race as in CK and 
hs-CRP. Different releasing points were observed for both 
markers. 

TNF-α is mainly produced in macrophages and ex-
pressed by circulating monocytes or fatigued contracting 
muscle (Bernecker et al., 2011; Meldrum et al., 1998; 
Petersen and Pedersen, 2005). It was assumed that irri-
tated exercising muscles or muscle damage caused by 
extended muscle contract may have elevated TNF-α at 
308 km (Bernecker et al., 2011). Another reason for such 
delayed response may be due to different response of 
TNF-α to exercise. Ordinarily, in sepsis, TNF-α is the 
initial cytokine released followed by IL-1β, IL-6, IL-1ra, 
sTNF-R, and IL-10 in the cytokine cascade (Pedersen and 
Febbraio, 2008). However, it was reported that exercise 
provoked primary increase in IL-6, both pro- and anti- 
inflammatory cytokine, followed by cytokine inhibitors 
such as IL-1ra and sTNF-R to inhibit TNF-α (Petersen 
and Pedersen, 2005).  

Previous studies reported that prolonged strenuous 
exercise induces inflammatory and endothelial markers 
reaching levels seen in major trauma, septic shock, sys-
temic inflammation, or a near-death state (Goussetis et al., 
2009; Margeli et al., 2005). However, most of the studies 
reported of a reversible or transient increase and recovery 
within hours to days after the termination of exercise. The 
balance between endothelial injury and recovery is crucial 
in reducing cardiovascular events (Endemann and 
Schiffrin, 2004). Endothelial progenitor cells (EPCs) 
binds to the activated dysfunctional endothelium and 
reconstitute the endothelial cell layer by proliferating or 
survival mediating factors (Rehman et al., 2003). After a 
bout of strenuous exercise, hematopoietic and endothelial 
progenitor cells significantly rise followed by a signifi-
cant elevation of mature endothelial cells with circulating 
VEGF levels as a physiological counteraction to maintain 
an intact endothelial cell layer (Mobius-Winkler et al., 
2009). 

However, the elevation of EPCs varied. For exam-
ple, Goussetis et al. reported of a 10-fold increase in col-
ony forming unit of EPCs after a 246-km spartathlon, 
suggesting exercise related EPC release (Goussetis et al., 
2009). On the other hand, other studies reported of either 
insignificant or downregulated hematopoietic and endo-
thelial progenitor cells. (Endemann and Schiffrin, 2004). 
Based on the most recent studies, no conclusion can be 
drawn on the availability of exercise-related progenitor 
cells. Nonetheless, it would be critical to know the sig-
nificant factors that trigger the changes in endothelial 
function as in this study. 

There are many bioactive mediators involved in en-
dothelial dysfunction. This study observed the acute 
changes in some of the mediators during a prolonged 
endurance marathon running. This study demonstrated 

that the surrogate markers of endothelial dysfunction were 
significantly influenced by exercise intensity and leuko-
cyte concentration. The inflammatory markers, also in-
volved in vascular pathology, responded in delayed fash-
ion. 

There  are  several  limitations  to this study. First of 
all, the anti-inflammatory cytokines should have been 
analyzed to further elucidate the counteractive relation-
ship between the surrogate parameters of endothelial 
dysfunction and inflammatory cytokines. In addition, 
since cytokine changes are related to glycogen depletion 
of the musculature, (Petersen and Pedersen, 2005) the 
participants’ glycogen levels along with hydration level 
should have been closely monitored and controlled 
throughout the race. Increased standard deviation of the 
measurements toward the end of the race may be related 
to the exercise capacity and completion time of the par-
ticipants. Finally, continuous measurements of hemody-
namic responses and exercise intensities during the race 
may have further elucidated the responses of endothelium 
to increased oxygen demand and repetitive muscle con-
tractions. 
 
Conclusion 
 
There are many undetermined factors that may alter the 
state of endothelium to the point of dysfunction. This 
study observed the changes in inflammatory and endothe-
lial markers during a prolonged endurance marathon for 
the first time to our knowledge. The results of the study 
indicated that the surrogate marker of endothelial dys-
function, sVCAM-1, was closely related to leukocyte 
responses and exercise intensity. Increased shear stress 
and leukocyte trafficking were suggested to release 
sVCAM-1. The inflammatory markers showed delayed 
responses. Delayed hs-CRP release and continuously 
increased sE-selectin suggest anti-inflammatory responses 
to suppress pro-inflammatory cytokines such as TNF-α.  
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Key points 
 
• Systemic inflammation is associated with vascular 

endothelial function for clinical implications includ-
ing exercise-induced pathology. 

• Inflammatory process involves a cascade of inflam-
matory and endothelial markers. 

• A prolonged endurance ultra-marathon induced sig-
nificant increases in systemic inflammation and vas-
cular endothelial markers at different checkpoints. 

• sVCAM-1, a surrogate marker of endothelial dys-
function, significantly increased in response to in-
creased exercise intensity and leukocyte trafficking 
without significant changes in the inflammatory 
markers. 

• Prolonged repetition of muscle contraction may 
have delayed released of pro-inflammatory markers, 
CK, hs-CRP, and TNF-α. 
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