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ABSTRACT

International Journal of Exercise Science 9(1): 34-46, 2016. The purpose of this
observational study was to determine the circulating leukocyte subset response to completing the
2013 Hotter’'N Hell Hundred recreational 164-km road cycle event in a hot and humid
environmental condition. Twenty-eight men and four women were included in this study. Whole
blood samples were obtained 1-2 hours before (PRE) and immediately after (POST) the event.
Electronic sizing/sorting and cytometry were used to determine complete blood counts (CBC)
including neutrophil, monocyte, and lymphocyte subsets. The concentration of circulating total
leukocytes (10% -uL1) increased 134% from PRE to POST with the greatest increase in neutrophils
(319%, p<0.0001). Circulating monocytes (including macrophages) increased 24% (p=0.004) and
circulating lymphocytes including B and T cells increased 53% (p<0.0001). No association was
observed between rolling time or relative intensity and leukocyte subset. Completing the Hotter
n’ Hell Hundred (HHH), a 100 mile recreational cycling race in extreme (hot and humid)
environmental conditions, induces a substantial increase in total leukocytes in circulation. The
contribution of increases in specific immune cell subsets is not equal, with neutrophils increasing
to greater than 4-fold starting values from PRE to POST race. It is likely that exercise in stressful
environmental conditions affects the complement of circulating immune cells, although
activational state and characterization of specific leukocyte subsets remains unclear. The
observed increase in circulating cell sub-populations suggests that the circulating immune
surveillance system may be acutely affected by exercise in hot and humid conditions.

KEY WORDS: White blood cells, heat, ultra-endurance, neutrophils, lymphocyte,
monocyte, exercise

INTRODUCTION and competitive athletes (7, 17, 34). Many of

these events occur in extreme
In recent decades participation in long- environmental conditions including high
distance endurance exercise events (e.g., altitude or low or high ambient
Ironman triathlons, ultra-marathons, and temperature. Such extreme environmental
ultra-distance cycling events), has increased conditions provide substantial additional

substantially among recreational exercisers physiological stress beyond that induced by
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the long-distance exercise alone and thus
can provide additional perturbations to
homeostasis. High intensity endurance
exercise ~and  environmental  stress
independently can affect immune system
function, but the combination of multiple
stressors likely has a more drastic effect on
the immune system (23).

Long-distance  exercise alone affects
populations of circulating immune -cells
that function in non-specific immunity.
Marathon (42.195 km) runners exhibit
increases in total leukocytes (~4 fold),
monocytes (~2.5 fold), neutrophils (~5.5
fold) (8, 14), with only a minor increase
(~1.25 fold) (8) in lymphocytes from before
to immediately after the event. Ultra-
marathon (2160km) runners display a
similar increase in total leukocytes and
monocyte/neutrophil subsets, but exhibit a
less dramatic increase in circulating
lymphocytes compared to traditional
marathon runners (27, 37). Similar results of
a 1-2 fold increase in leukocytes,
monocytes, neutrophils, has also been
observed for 75-km cycling events (19, 27,
46). Such long-distance exercise events
impose a substantial mechanical and
systemic physiological demand on the
body, even in thermoneutral environments
(46). It is likely that micro-trauma to
musculature and vascular system, leakage
of endotoxins from the gut to the
circulation, and glycogen depletion (13, 20,
39, 40, 43) occur during ultra-endurance

exercise and can instigate activation,
differentiation, and demargination of
leukocytes and greater systemic

inflammation (13).

Hot and humid environmental conditions
magnify the effect of exercise that occurs in
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thermoneutral environments. Studies of
shorter duration running and cycling
during hot and cold water immersion (40
min) (6, 33) and in temperature controlled
laboratory settings (40 min to 4 h) (3, 16, 21,
23, 38) demonstrate that exercise in a hot
environment (35-39°C) elicits greater
increases in total leukocytes, neutrophils,
and lymphocytes than exercising in a cold
to moderate temperature environment (18-
23°C) (6, 21, 33). One study emphasized the
inefficacy of a thermal clamp (16) in
reducing the exercise-induced changes in
circulating leukocyte populations.
However, it is interesting to note that the
exercise protocol in this study did not elicit
core body temperature increases above and
beyond the passive heating control in
which participants did not exercise. It is
likely that the core temperature increase
associated with high intensity exercise
alone has a role in instigating immune
responses, in addition to the damage
associated with long duration, eccentric
exercise.

Despite the growing popularity of
recreational long-distance exercise events
no field or controlled laboratory study
appears to have investigated the non-
specific ~immune response to such
prolonged endurance events (>4 h) in a
thermally stressful hot environment. Long-
distance exercise in moderate temperature
conditions induces an increase in
leukocytes and in laboratory settings a hot
environment augments the leukocyte
response to shorter-distance exercise.
Therefore, the purpose of this observational
study was to determine the leukocyte
subset response to completing a
recreational 164-km road cycle event in an
extremely hot and humid environment.
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Exercise duration and relative exercise
intensity (42) likely have significant effects
on the immune response, independent of
the extreme environmental conditions.
Thus, a secondary purpose of this study
was to examine the associations among the
time to complete the event, relative
intensity (%VOamax) and changes in
leukocyte subsets.

METHODS

Participants

In order to determine the leukocyte subsets
response to completing a recreational 164-
km road cycle event in a hot ambient
temperature we recruited adults registered
for participating in the 2013 Hotter’'N Hell
Hundred cycling event (HHH). The
procedures of the study were reviewed and
approved by the University Institutional
Review Board and undertaken in
compliance with the Helsinki Declaration.
On the day of the HHH, participants
provided a blood sample in the morning 1-
2 hours prior to the start of the event (PRE)
and immediately upon completion of the
event (POST). Blood samples were
analyzed for total leukocyte as well as
leukocyte subsets: neutrophils, monocytes,
and lymphocytes. In order to describe the
immune response that recreational riders
experience when completing the HHH, we
aimed to minimize any effect of study
involvement on participant behavior before
and during the event. Therefore, no
instructions or restrictions were provided
with regard to ride strategies (e.g.,
hydration/diet intake, number rest stops,
pace of the ride, or length of the rest stops).

Twenty-eight men and four women
volunteered to participate and were
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enrolled in this study. Participants’
demographic  information and ride
characteristics (e.g., pace) are presented in
Table 1 and 2, respectively.

Table 1. Participant’s demographic information
(MeantSD).

Men (n=28) Women (n=4)
Age 49 + 8 42 + 12
Body mass (kg)  ggo + 125 617 + 7.7
Height (cm) 179.0 + 4.9 1663 + 6.6
Body fat (%) 185 + 5.7 263 + 64

Table 2. Participants’ ride characteristics.

Min Max Mean + SD
Total Rolling
Time (hr) 47 82 64 + 1.0
Number of Stops 0 8 4 = 2
Total StopTime v 437 104 + 80
(min)
Heart Rate avg 125 158 142 = 9
Heart Rate max 148 181 167 = 10
Relative
Intensity 61 85 7% + 6
(% VO2max)
PREusg 1.003 1.032 1.018 + 0.001
POSTusg 1.013 1.035 1.026 *= 0.005
BodyMassLoss 9 43 25 + 12
(%)
Carbohydrate 55 7691 2908 + 1572
Intake (g)

Core temperature was not measured in the
present study but based on findings from a
prior year’'s HHH event (same course and
similar populations, environmental
conditions) it was expected to rise
approximately 1.6 °C from before to after
the ride (1). Participants were recruited
through the HHH official event registration
website, through invitation emails sent to
all HHH entrants, and at the official HHH
onsite event registration center (Wichita
Falls, TX). Potential participants attended a
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Table 3. Environmental Conditions at the start/finish line and at the 97-km aid station.
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Start/Finish Line 97km Aid Station
Min Max Mean + SD Min Max Mean + SD
Dry Bulb (°C) 25.1 43.7 353 + 50 27.2 414 327 + 50
Humidity (%) 32.6 78.0 472 + 145 23.7 65.3 411 = 175
WBGT Out (°C) 239 36.2 315 + 38 255 34.1 300 = 27

mandatory informational session prior to
providing  written informed consent.
Participants completed medical history and
training questionnaires. Upon review of the
medical history, and with follow-up
questions as needed, all participants were
approved for participation by the on-site
medical doctor. To be included in the study,
volunteers were required to 1) be
apparently healthy, 2) be 18-62 years of age,
3) have previously completed a 160-km
cycle ride, and 4) intent to complete the
HHH ride within 9 hours. Participants were
excluded if they met any of the following
criteria: 1) tobacco product user; 2) taking
cholesterol-lowering, blood pressure, or
anticoagulant medications; 3) healing from
a musculoskeletal injury; 4) liver, kidney,
cardiovacular, gastrointestinal or blood
disease or severe metabolic or endocrine
disorders (e.g., diabetes); 5) past history of
exertional heatstroke or exercise-heat
inotlerance; 6) use of anabolic hormonal
substances. No participant reported being
pregnant.

Protocol

A detailed description of the
anthropometrics measurements used in this
study has previously been published (15).
Briefly, anthropometric measurements were
obtained on one of the two days preceding
the event. Body weight and height was
measured using a floor scale and a tape
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measure attached to the wall, respectively.
Percent body fat was estimated using three-
site (men: chest, abdomen, thigh; women:
triceps, suprailiac, thigh) skinfold thickness
equations (18) using calibrated skinfold
calibers (Bodycare Harpenden Caliper,
England).

The HHH is among the largest recreational
road cycle events (>10,000 participant
annually) in the USA and held every late-
August in Wichita Falls, TX. The 164-km
course covers largely flat terrain (15) and is
usually held under hot and humid
conditions  (average  Wichita  Falls
environmental conditions for late-August is
35°C and humidity is 59%, with little to no
cloud cover). On event day, dry bulb
temperature, relative humidity, and wet
bulb globe temperature were recorded at
the start/finish line (7:31am to 3:24pm) and
at the 97-km aid station (8:17am to
12:32pm) using the Kestrel Meter 4400 Heat
Meter (Nielson-Kellerman Co., Boothwyn,
PA, USA). The details of the environmental
conditions are presented in Table 3.

The ride began at 0700h and depending on
starting position a particular rider might
not pass the start line until as late as 0800h.
Participants ~ without a  computer-
downloadable heart rate monitoring device
were provided one to wear during the ride
(Polar Electro Inc.,, Lake Success, NY);
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participants having their own computer-
downloadable heart rate monitoring device
were requested to provide heart rate data
files via electronic mail within 7d after the
event. Participant total ride time was
determined using either the participant’s
own timer or a timer provided by the
research team and was confirmed using
official HHH ride electronic chip
monitoring system. Participants were
instructed to record the number of stops
and the duration of each stop. The rolling
time was calculated as the difference
between the total event time and the resting
time. Heart rate was collected by standard
telemetry using either participants’ own
device or one provided by the investigators.

Whole blood samples and urine sample
were obtained 1-2 hours prior to the start of
the ride (PRE) and immediately after
(POST) completion of the event without
fasting. Upon arrival, participants were
weighted and then sat for a few minutes
after which 30ml of blood were collected
from an  antecubital vein  using
venipuncture by a 21 gauge needle with an
evacuated tube containing EDTA, while
participants remained in a seated position.
After  blood collection, participants
provided a small urine sample for
determination of urine specific gravity.
Participants were instructed to be arrive for
the PRE time point before performing their
event warm-up. The EDTA-treated whole
blood samples were refrigerated and stored
at 4°C until biochemical analyses on the
following morning.

Participants were instructed to remember
the food consumption during the ride and
if possible, kept the food labels. Upon
arrival at the medical tent after the ride,
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participants recorded the quantity and the
type of food that were consumed or
participants provided the food labels to
investigators for them to record.

Prior to analysis, blood samples were
diluted with an equal volume of phosphate
buffered saline and results were adjusted to
account for this dilution. Then complete
blood count was measured in duplicate
using a 20-ul sample of diluted EDTA-
whole blood loaded into an Automatic
Hematology Analyzer (BC-3200; Mindray,
Mahwah, NJ). In this automated procedure,
total (total leukocytes) WBC and three-part
differentiation (lymphocytes, monocytes,
and neutrophils) of WBC are measured
using electrical impedance. The analyzer
has a precision of #2.5% and a linear range
from 0.3~99.9 10°%ells-L-1 for WBC. The
complete blood count analysis also
included determination of hemoglobin (Hb)
concentration (using a cyanide free method)
and hematocrit (Hct). Plasma volume
change (APV) was determined by the
change in Hct and Hb from PRE to POST
using established methods (9) (APV: 7.1
12.6%). The POST immune cell (total
leukocytes, lymphocytes, monocytes, and
neutrophils) concentration was adjusted
according to individual APV. Urine samples
were analyzed for urine specific gravity by
a refractometer. The percent of body mass
loss (%BML) was the fluid loss as percent of
pre-body mass, and it was corrected for the
weight of food consumed during the ride.

Estimated relative exercise intensity during
the ride was calculated through the
estimation of %VOamax from exercise heart
rate using an equation which was validated
by Franklin et al. (11) (i.e. %VOamax=1.33 X
(%HRmax) - 37.3). The percent of maximum
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heart rate (%HRmax) was calculated using
the maximum heart rate (HRmax) and the
average heart rate (HRavg) recorded during
the cycling event. Although it is not
possible to determine if the recorded HRmax
represents the true HRmax, the recorded
HRmax (167 + 10 bpm) was similar to but
slightly less than the age predicted HRmax
(i.e. 208 - (0.7 X age); 174 + 6 bpm) (44).

Statistical Analysis

Data were analyzed using SPSS version 20.0
(IBM, Chicago, IL). Tests for normality of
distribution and homogeneity of variance
were performed for all data sets. Data sets
that did not meet assumptions of linear
statistics were logl0 transformed and
retested; after transformation all data sets
met these assumptions. Paired T-tests were
used to evaluate the mean PRE and POST
differences in total leukocytes, and each
leucocyte subset (neutrophils, monocytes,
and lymphocytes) concentrations. To
examine the effect intensity and duration
on total leukocytes and each leucocyte
subset, two different analyses were utilized.
First, Pearson’s product-moment
correlation coefficients between PRE to
POST changes and ride characteristics
(estimated relative exercise intensity and
total rolling time) were calculated. Second,
participants were grouped into quartiles
based on rolling time. Then data for the
fastest and slowest quartiles were examined
using 2 (Time point: PRE vs POST) x 2
(Rolling time: fastest vs slowest quartile)
ANOVAs with repeated measures on Time
point. The level of significance for all
analyses was set at a = 0.05. Data are
presented as mean * standard deviation
unless otherwise noted.
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RESULTS

The concentrations of total leukocytes and
of each leukocyte subset increased
significantly from PRE to POST. The
percent increase was 134% for total
leukocytes (p<0.0001), 319% for neutrophils
(p<0.0001), 24% for monocytes (p=0.004),
and 53% for lymphocytes (p<0.0001). The
data for leukocyte subset is presented in
Table 4 and individual responses are
presented in Figures 1-4.

Table 4. Immune marker concentrations before
(PRE) and after (POST, APV adjusted) 164-km road
cycling (Mean+SD).

Variables PRE POST

Leukocytes
(10 )
Lymphocytes
(10+ 1)
Monocytes
(10 pl)
Neutrophils
(10+p1)

54 + 11 129 + 3.4*

25

H+

0.6 3.7 £ 1.5*

1.2 = 04 1.5 + 0.6*

1.8 = 06 7.6

H

2.8%

251

201

151

101

Leukocytes (103sul")

° <
%)
Q <2O

Figure 1. Individual leukocyte concentrations before
(PRE) and immediately post event (POST). *POST
significantly (p < 0.05) different from PRE.

Both leukocytes and neutrophils increased
in concentration uniformly, while
monocytes and lymphocytes did not show
this pattern. Thirteen of 32 participants had
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a reduction from PRE to POST in monocyte
concentration (range: -0.05 to -0.88 103epl1)
and eight of 32 showed a reduction from
PRE to POST in lymphocyte concentration
(range: -0.11 to -0.83 103eul1). The cause of
these findings is unclear but could
represent naturally occurring individual
differences or be due to differences in
training state, heat acclimation, and/or
immune function.

204
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Figure 2. Individual neutrophil concentrations

before (PRE) and immediately post event (POST).
*POST significantly (p < 0.05) different from PRE.
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Figure 3. Individual monocyte concentrations before
(PRE) and immediately post event (POST). *POST
significantly (p < 0.05) different from PRE.

No significant relationship was observed
between changes in total leukocytes or
leukocyte subset concentrations from PRE

(
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to POST and ride characteristics (estimated
relative exercise intensity and rolling time).
The bivariate correlations ranged from -0.24
to 0.22. Furthermore, circulating total
leukocytes and  leukocyte subset
concentrations were not different between
the fastest and slowest quartile of riders.

8.
N
=
8
3 ==
] =
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Figure 4. Individual lymphocyte concentrations
before (PRE) and immediately post event (POST).
*POST significantly (p < 0.05) different from PRE.

DISCUSSION

The primary purpose of this study was to
determine the circulating leukocyte
response to completing a recreational 164-
km road cycle event in a hot ambient
temperature. Our data indicated that
leukocytes (134%) and the each leukocyte
subset (neutrophils: 319%; monocytes: 24%;
lymphocytes: 53%) increased from PRE to
POST, but these increases were not affected
by estimated relative exercise intensity.
Considering the growing popularity of
long-distance cycling, this is important new
knowledge since this substantial immune
response might affect the acute and long-
term health of recreational cyclist who
regularly perform long-distance cycling in
the heat. Better understanding of the acute
physiological effects of such exercise is

]
J

http:/ /www.intjexersci.com



International Journal of Exercise Science

critical to defining proper recovery and
monitoring health following rides and over
the course of training. To our knowledge
these results are the first to describe the
non-specific immune response to a
completion of a self-paced recreational
long-distance road cycling in a hot (>30 °C)
environment. Overall, this study provides
unique physiological insight by showing
that completing a 164-km cycling event (=5-
8h) without instructions or restrictions with
regard to pace or food and fluid intake
during the exercise induces substantial
leukocytosis. These findings adds to the
previous findings of increases in leukocyte
subsets concentrations with prolonged
endurance exercise in more moderate
temperature conditions: including standard
marathon running (8, 14, 46); 160-km
running (27); 2-4h cycling (28, 35); and 3h
treadmill running (26).

Long-distance endurance exercise induces
leukocytosis (8, 14, 19, 26-28, 35, 37).
Although all circulating leukocyte subsets
increase with exercise, the largest increase
is observed in neutrophils. Neutrophils are
involved in phagocytosis of damaged tissue
and thus are important to recovery from
exercise. Despite of its importance to the
host defense, neutrophils release reactive
oxygen species, which further the process
of muscle damage following exercise and
contribute to inflammation (29). The
exercise-induced increase in neutrophils
has been suggested to be the result of
demargination of cells from endothelial
tissues and bone marrow to the circulation,
a response which 1is mediated by
catecholamine and cortisol, respectively
(30). The absolute resting (PRE) circulating
of total leukocytes and each leukocyte
subset observed in the present study were
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all within the “normal” reference range for
the general population (2) and for elite,
albeit younger, cycle athletes (12); however,
the absolute concentration of neutrophil
was near the low end of the “normal”
range.  This low-end PRE neutrophil
concentration likely explain the low relative
proportion of neutrophils (33%) and the
high relative proportion of lymphocytes
(60%) among total circulating leukocytes. It
is uncertain why the neutrophil proportion
was low in the study population; however,
it has been suggested that that plasma
volume expansion, which is commonly
observed among trained endurance athletes
(5), might cause a selective reduction in
neutrophil concentration but not in
lymphocytes (12). Following 164-km of
cycling in the heat, POST neutrophil
concentrations were greater than 4-fold
those observed for PRE. The magnitude of
the increase in neutrophils is similar to the
increase found for 100-km (31) and 160-km
(27) running in a moderate (~23°C) ambient
temperature although these events were
likely performed at a lower relative
intensity (10) Since running induces greater
muscle damage than cycling at the same
relative  intensity  (41), the similar
neutrophil response suggests that a hot
environment provides added stress to the
immune system during exercise. This is
supported by the previous finding that
cycle exercise induced a greater increase in
neutrophils during shorter-term heat
exposure (40 min submersion in 39°C
water) than cold exposure (18- 23°C water)
(6, 33). A potential mechanism underlying
this augmented neutrophil response when
exercising in the heat could be changes in
cortisol and catecholamine (epinephrine,
and norepinephrine) concentrations.
Exercise in the heat induces a greater
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increase in the concentration of cortisol (2
fold), epinephrine (4 fold), and
norepinephrine (2-3 fold) compared to
exercise in the cold (6, 33, 38). Cortisol and
catecholamine interact with glucocorticoid
receptors (22) and p2-andrenergic receptors
(24) of neutrophils, respectively, and
influence the development, trafficking, and
function of immunocytes (25, 36, 47).

Monocytes with inflammatory profiles
migrate to damaged tissue and mature into
macrophages after entering that tissue.
Similar to neutrophils, macrophages are
involved in phagocytosis of damaged tissue
and thus facilitate muscle remodeling (45),
but macrophages also serve an important
role as a link between the non-specific and
specific response by releasing cytokines
into the circulation to attract other immune
cells. The increase in monocytes (24%) in
the present study is similar to that observed
for 4 hours of ergometer cycling at room
temperature (29%)(35) and for 40 min water
immersed cycling at 39°C (15%) and 18°C
(20%)(33). The similarity in these monocyte
responses to exercise suggests that, unlike

neutrophils and  lymphocytes, the
monocytes response is ambient
temperature independent during cycle
exercise. In contrast to the moderate

increase in monocytes found with cycling,
long distance running across a range of
relative intensities, including intensities
similar to that of the current study, induces
a substantial increase in monocytes:
marathon (150%) (8), 3 hour treadmill (67 %)
(26), 100 km (148%) (31), and 160 km (213%)
(27) running in moderate temperature; no
study appears to have investigated the
monocyte response to long distance
running in the heat. Running induces
greater muscle damage than cycling at the
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same intensity (41) thus, it appears likely
that the smaller monocyte increase
observed in this and other cycling studies
compared to that observed for running is
due to the difference in muscle damage
from the two exercise modes.

T and B lymphocytes function both in
innate and adaptive immunity. The
increase in lymphocytes in response to
endurance exercise observed in this and
previous studies is less pronounced than
that of neutrophils (6, 8, 26, 32, 33, 38). The
increase in lymphocytes (53%) in the
present study following the completion of a
164-km cycling event in the heat (average
temperature 35°C), is similar to the increase
found in studies involving shorter-term
exercise under heat exposure: 40 min
cycling immersed in 39°C water (53-54%)(6,
33) and 90 min cycling at 70%VOzpeak at
35°C (38). In contrast, exercise in a cold
environment (18- 23°C water) induced only
a modest increase in lymphocyte
concentration (21-25%) (6, 33). Using
multiple regression, Cross et al. (6) found
that  cortisol  concentration, growth
hormone concentration, and  rectal
temperature accounted for 93% of the
variance in lymphocyte concentrations
following exercise in the heat and 87% of
the variance following exercise in the
cold(6). Thus as with neutrophils, the
greater lymphocyte response to exercise in
the heat than in the cold is likely, at least in
part, the result of core temperature
mediated stimulation of stress hormone
release(6, 33).

The results of present study showed no
significant relationship between the change
in leukocyte subsets concentrations and
time to complete the event (rolling time) or
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intensity (%VOoamax). It was hypothesized
that the slower riders would have a greater
leukocyte response since they were exposed
to the high temperature for longer.
Although there was a large spread in the
time to complete the event (4.7-8.2 hours)
even the fastest rider spent more than 4
hours under heat exposure and thus the
additional heat exposure for the slower
riders appears to have not affected the
leukocyte subsets response. It is possible
that any potential effects of prolonged heat
exposure on leukocyte subsets
concentrations were counteracted by the
lower absolute intensity of exercise
performed by the slower riders. In contrast
to the large range in time to complete the
event, the range of the estimated relative
intensity was rather small (61-85%) and
thus not well suited for investigations of
bivariate correlations. It appears that when
completing a 164-km cycling event in the
heat, the rolling time and self-determined
relative intensity do not affect the leukocyte
response.

It should be noted that the age range of
participants in the current study was large
(25-61 years) although most of the
participants were between 40 and 58.
Previous studies have found that age can
significantly affect neutrophils (4), thus the
findings might not apply to young adults.
Gender can also affect immune cell volume,
but since only 4 women volunteered for the
current study, it is not possible to examine a
potential gender effect on changes in
immune cell volume during the 164 km ride
in a hot ambient temperature.

Although in this observational study, we
do not have clear information about the
activational state and characterization

(
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within each immune cell subpopulation, the
increases observed, most notably, in
neutrophil and monocyte sub-populations
vs. lymphocyte sub-populations, suggest
that the exercise in combination with the
environmental stress posed a significant
stimulus for a circulating immune response.
Furthermore, the lack of correlation to
relative exercise intensity or duration
suggests that in this event, the participants
might have experienced a dramatic enough
environmental stressor or overall exercise
stress such that differences on the order of
hours for duration time had no apparent
effect on circulating concentrations of
immune cells. This secondary finding
suggests an intriguing hypothesis that there
is a threshold of heat stress exposure
beyond which any additional effects of
exercise are either non-significant or
negligible with regard to the leukocyte
subset response. Long-distance endurance
events, and the training preceding these
events, which often occur in extreme
environmental conditions, might affect the
acute and long-term health of even in well-
trained participants. Considering the
growing popularity of these types of
events, better understanding the acute
effects of such events is critical to defining
proper recovery and monitoring health
over the course of training and post-ride.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the
help provided by the HHH medical staff
and Expo committee for this study.

REFERENCES

1. Armstrong LE, Casa D], Emmanuel H, Ganio MS,
Klau JF, Lee EC, Maresh CM, McDermott BP,
Stearns RL, Vingren JL, Wingo JE, Williamson KH,

]
J

http:/ /www.intjexersci.com



International Journal of Exercise Science

Yamamoto LM. Nutritional, physiological, and
perceptual  responses  during a  summer
ultraendurance cycling event. J Strength Cond Res
26: 307-318, 2012.

2. Bain BJ. Ethnic and sex differences in the total and
differential white cell count and platelet count. J Clin
Pathol 49: 664-666, 1996.

3. Brenner IK, Castellani JW, Gabaree C, Young A],
Zamecnik J, Shephard R] Shek PN. Immune changes
in humans during cold exposure: effects of prior
heating and exercise. ] Appl Physiol 87: 699-710,
1999.

4. Cannon ]G, Orencole SF, Fielding RA, Meydani
M, Meydani SN, Fiatarone MA, Blumberg JB, Evans
W]. Acute phase response in exercise: interaction of
age and vitamin E on neutrophils and muscle
enzyme release. Am ] Physiol 259: R1214-9, 1990.

5. Convertino VA. Blood volume: its adaptation to
endurance training. Med Sci Sports Exerc 23: 1338-
1348, 1991.

6. Cross MC, Radomski MW, VanHelder WP, Rhind
SG, Shephard R]. Endurance exercise with and
without a thermal clamp: effects on leukocytes and
leukocyte subsets. ] Appl Physiol 81: 822-829, 1996.

7. da Fonseca-Engelhardt K, Knechtle B, Rust CA,
Knechtle P, Lepers R, Rosemann T. Participation and
performance trends in ultra-endurance running
races under extreme conditions 'Spartathlon'
versus 'Badwater'. Extrem Physiol Med 2: 15-7648-2-
15, 2013.

8. Davidson RJ, Robertson JD, Galea G, Maughan R].
Hematological changes associated with marathon
running. Int ] Sports Med 8: 19-25, 1987.

9. Dill DB, Costill DL. Calculation of percentage
changes in volumes of blood, plasma, and red cells
in dehydration. ] Appl Physiol 37: 247-248, 1974.

10. Dumke CL, Shooter L, Lind RH, Nieman DC.
Indirect calorimetry during ultradistance running: a
case report. ] Sports Sci Med 5: 692, 2006.

—

LEUKOCYTES AND 164-KM CYCLING IN HEAT

44

11. Franklin BA, Hodgson ], Buskirk ER.
Relationship between percent maximal O2 uptake
and percent maximal heart rate in women. Res Q
Exerc Sport 51: 616-624, 1980.

12. Horn PL, Pyne DB, Hopkins WG, Barnes CJ.
Lower white blood cell counts in elite athletes
training for highly aerobic sports. Eur ] Appl Physiol
110: 925-932, 2010.

13. Kim HJ, Lee YH, Kim CK. Biomarkers of muscle
and cartilage damage and inflammation during a
200 km run. Eur ] Appl Physiol 99: 443-447, 2007.

14. Kratz A, Lewandrowski KB, Siegel AJ, Chun KY,
Flood JG, Van Cott EM, Lee-Lewandrowski E. Effect
of marathon running on hematologic and
biochemical laboratory parameters, including
cardiac markers. Am ] Clin Pathol 118: 856-863, 2002.

15. Kupchak BR, McKenzie AL, Luk HY, Saenz C,
Kunces L], Ellis LA, Vingren JL, Lee EC, Ballard KD,
Johnson EC, Kavouras SA, Ganio MS, Wingo JE,
Williamson KH, Armstrong LE. Effect of cycling in
the heat for 164 km on procoagulant and fibrinolytic
parameters. Eur ] Appl Physiol 115: 1295-1303, 2015.

16. Laing SJ, Jackson AR, Walters R, Lloyd-Jones E,
Whitham M, Maassen N, Walsh NP. Human blood
neutrophil responses to prolonged exercise with and
without a thermal clamp. ] Appl Physiol 104: 20-26,
2008.

17. Lepers R. Analysis of Hawaii ironman
performances in elite triathletes from 1981 to 2007.
Med Sci Sports Exerc 40: 1828-1834, 2008.

18. Lohman TG, Roche AF, Martorell R.
Anthropometrics standardization reference manual.
In:  Anthropometrics standardization reference
manual. Anonymous Champaign, IL: Human
Kinetics Books, 1988. pp. 55-70.

19. Lucas S], Anglem N, Roberts WS, Anson ]G,
Palmer CD, Walker R], Cook CJ, Cotter JD. Intensity
and physiological strain of competitive ultra-
endurance exercise in humans. ] Sports Sci 26: 477-
489, 2008.

et

http:/ /www.intjexersci.com



International Journal of Exercise Science

20. McCarthy DA, Dale MM. The leucocytosis of
exercise. A review and model. Sports Med 6: 333-
363, 1988.

21. McFarlin BK, Mitchell JB. Exercise in hot and
cold environments: differential effects on leukocyte

number and NK cell activity. Aviat Space Environ
Med 74: 1231-1236, 2003.

22. Miller AH, Spencer RL, Pearce BD, Pisell TL,
Azrieli Y, Tanapat P, Moday H, Rhee R, McEwen BS.
Glucocorticoid receptors are differentially expressed

in the cells and tissues of the immune system. Cell
Immunol 186: 45-54, 1998.

23. Mitchell JB, Dugas JP, McFarlin BK, Nelson M]J.
Effect of exercise, heat stress, and hydration on
immune cell number and function. Med Sci Sports
Exerc 34: 1941-1950, 2002.

24. Mueller H, Motulsky HJ, Sklar LA. The potency
and kinetics of the beta-adrenergic receptors on
human neutrophils. Mol Pharmacol 34: 347-353,
1988.

25. Newton R. Molecular mechanisms of
glucocorticoid action: what is important? Thorax 55:
603-613, 2000.

26. Nieman DC, Berk LS, Simpson-Westerberg M,
Arabatzis K, Youngberg S, Tan SA, Lee JW, Eby WC.
Effects of long-endurance running on immune
system parameters and lymphocyte function in
experienced marathoners. Int J Sports Med 10: 317-
323, 1989.

27. Nieman DC, Dumke CL, Henson DA, McAnulty
SR, Gross SJ, Lind RH. Muscle damage is linked to
cytokine changes following a 160-km race. Brain
Behav Immun 19: 398-403, 2005.

28. Nieman DC, Konrad M, Henson DA, Kennerly
K, Shanely RA, Wallner-Liebmann SJ. Variance in
the acute inflammatory response to prolonged
cycling is linked to exercise intensity. ] Interferon
Cytokine Res 32: 12-17, 2012.

29. Pizza FX, Cavender D, Stockard A, Baylies H,
Beighle A. Anti-inflammatory doses of ibuprofen:
effect on neutrophils and exercise-induced muscle
injury. Int ] Sports Med 20: 98-102, 1999.

—

LEUKOCYTES AND 164-KM CYCLING IN HEAT

45

30. Pyne DB. Regulation of neutrophil function
during exercise. Sports Med 17: 245-258, 1994.

31. Rama R, Ibanez ], Riera M, Prats MT, Pages T,
Palacios L. Hematological, electrolyte, and
biochemical alterations after a 100-km run. Can ]
Appl Physiol 19: 411-420, 1994.

32. Reid SA, Speedy DB, Thompson JM, Noakes TD,
Mulligan G, Page T, Campbell RG, Milne C. Study of
hematological and biochemical parameters in
runners completing a standard marathon. Clin ]
Sport Med 14: 344-353, 2004.

33. Rhind SG, Gannon GA, Shek PN, Brenner IK,
Severs Y, Zamecnik ], Buguet A, Natale VM,
Shephard R], Radomski MW. Contribution of
exertional hyperthermia to sympathoadrenal-
mediated lymphocyte subset redistribution. ] Appl
Physiol 87: 1178-1185, 1999.

34. Rust CA, Rosemann T, Lepers R, Knechtle B.
Gender difference in cycling speed and age of
winning performers in ultra-cycling-the 508-mile
“Furnace Creek” from 1983 to 2012. J Sports Sci 4:1-
13, 2014.

35. Scharhag J, Meyer T, Gabriel H, Schlick B, Faude
O, Kindermann W, Shephard R. Does prolonged
cycling of moderate intensity affect immune cell
function? Br ] Sports Med 39: 171, 2005.

36. Schedlowski M, Falk A, Rohne A, Wagner TO,
Jacobs R, Tewes U, Schmidt RE. Catecholamines
induce alterations of distribution and activity of
human natural killer (NK) cells. J Clin Immunol 13:
344-351, 1993.

37. Shin YO, Lee JB. Leukocyte chemotactic cytokine
and leukocyte subset responses during ultra-
marathon running. Cytokine 61(2): 364-369, 2013.

38. Starkie RL, Hargreaves M, Rolland ], Febbraio
MA. Heat stress, cytokines, and the immune
response to exercise. Brain Behav Immun 19: 404-
412, 2005.

39. Steensberg A. The role of IL-6 in exercise-
induced immune changes and metabolism. Exerc
Immunol Rev 9: 40-47, 2003.

et

http:/ /www.intjexersci.com



LEUKOCYTES AND 164-KM CYCLING IN HEAT

40. Steinacker JM, Lormes W, Reissnecker S, Liu Y.
New aspects of the hormone and cytokine response
to training. Eur ] Appl Physiol 91: 382-391, 2004.

41. Stocchero CM, Oses JP, Cunha GS, Martins JB,
Brum LM, Zimmer ER, Souza DO, Portela LV,
Reischak-Oliveira A. Serum S100B level increases
after running but not cycling exercise. Appl Physiol
Nutr Metab 39: 340-344, 2014.

42. Suzuki K, Yamada M, Kurakake S, Okamura N,
Yamaya K, Liu Q, Kudoh S, Kowatari K, Nakaji S,
Sugawara K. Circulating cytokines and hormones
with immunosuppressive but neutrophil-priming

potentials rise after endurance exercise in humans.
Eur ] Appl Physiol 81: 281-287, 2000.

43. Suzuki K, Nakaji S, Yamada M, Totsuka M, Sato
K, Sugawara K. Systemic inflammatory response to
exhaustive exercise. Cytokine kinetics. Exerc
Immunol Rev 8: 6-48, 2002.

44. Tanaka H, Monahan KD, Seals DR. Age-
predicted maximal heart rate revisited. ] Am Coll
Cardiol 37: 153-156, 2001.

45. Tidball ]JG. Inflammatory processes in muscle
injury and repair. Am ] Physiol Regul Integr Comp
Physiol 288: R345-53, 2005.

46. Waskiewicz Z, Klapciriska B, Sadowska-Krepa E,
Czuba M, Kempa K, Kimsa E, Gerasimuk D. Acute
metabolic responses to a 24-h ultra-marathon race in
male amateur runners. Eur ] Appl Physiol 112: 1679,
2012.

47. Wiegers GJ, Knoflach M, Bock G, Niederegger H,
Dietrich H, Falus A, Boyd R, Wick G.
CD4(+)CD8(+)TCR(low) thymocytes express low
levels of glucocorticoid receptors while being

sensitive to glucocorticoid-induced apoptosis. Eur ]
Immunol 31: 2293-2301, 2001.

International Journal of Exercise Science http:/ /www.intjexersci.com

46

—
| —



