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Regular running and strength training are the best ways to improve aer-
obic capacity and develop the size of skeletal muscles. However, un-
controlled physical activities can often lead to an undertraining or over-
training syndrome. In particular, overtraining causes persistent fatigue
and reduces physical performance due to changes in the various phys-
iological and immunological factors. In this study, we gave an exhaus-
tive submaximal endurance or resistance exercise to participants and
investigated the relationship between physical stress (cortisol level in
blood), oxidative stress (intracellular ROS accumulation), and adaptive
immune response (CD4:CD8 ratio). Materials and Methods: Ten male
volunteers were recruited, and performed a submaximal endurance or
resistance exercise with 85% of V0;max or 1-repetition maximum until
exhaustion. Blood samples were collected at rest, and at 0 and 30 min
after the exercise. Cortisol levels, oxidative stress, and immune cell
phenotypes in peripheral blood were evaluated. Cortisol levels in the

INTRODUCTION

Recently, an increasing number of people are participating in
physical activities due to today’s increased level of income and lei-
sure time. According to the “2013 National Survey on Physical
Activity Participation”, 45.5% of the population perform physical
exercise at least once a week and in terms of physical activities,
aerobic exercise such as walking and resistance training such as
bodybuilding are the most popular types of physical activities.

Aerobic exercise is a physical activity that meets the energy pro-

sera increased after the exhaustive endurance and resistance exercis-
es and such increments were maintained through the recovery. Intra-
cellular ROS levels also increased after the exhaustive endurance and
resistance exercises. The ratio of CD4+ T cells to CD8+ T cells after
each type of submaximal exercise decreased compared with that at
the resting stage, and returned to the resting level at 30 min after the
exercise. In this study, an exhaustive endurance or a resistance exer-
cise with submaximal intensity caused excessive physical stress, intra-
cellular oxidative stress, and post-exercise immunosuppression. This
result suggests that excessive physical stress induced temporary im-
mune dysfunction via physical and oxidative stress.

Keywords: CD4:CD8 ratio, Cortisol, Exercise, Inmunosuppression, Re-
active oxygen species

vision via the oxidative energy system during the exercise (Basa-
varajaiah et al., 2008). Regular aerobic exercise, also known as
“cardio”, improves cardiovascular endurance by increasing the
stroke volume, cardiac output, and arteriovenous oxygen differ-
ence. Furthermore, it indirectly reduces body fat and the incidence
rate of cardiovascular disease and disorders (Takeshima et al.,
2004). Resistance training improves muscular strength and mus-
cular endurance by changing neural adaptation, muscle hypertro-
phy, and hyperplasia; it also has an effect on body composition
changes by increasing the resting metabolic rate. However, regard-
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less of exercise types, high-intensive exercise decreases physical
ability due to ongoing fatigue. Intensive training causes chronic
exposure to stress-induced hormones such as cortisol that can in-
duce chronic fatigue (Prieto-Hinojosa et al., 2014). The level of re-
active oxygen species (ROS), included in free radical and non-free
radical oxygen intermediates, also increases during high-intensive
exercise. A rapid increase of ROS surpasses the capacity of antioxi-
dants that eliminate the ROS, thus causing an imbalance of the
oxidants-antioxidants and damage to the cells and tissues, thereby
causing oxidative stress (Radak et al., 2008). The oxidative stress
contributes to fatigue during strenuous exercise (Reid, 2008). Ele-
ments of the immune system are temporarily depressed during
high-intensive exercise. The post-exercise immunosuppression
links to an increased susceptibility of infection such as upper respi-
ratory tract infection. Immunological changes can be utilized as a
tool for measuring physical stress such as exercise intensity, dura-
tion, and type during a certain exercise. Long-term regular physical
exercise immediately increases adaptive immune response while
intermittent high-intensive exercise rather decreases the adaptive
immune response (Kwak et al., 2000; Walsh et al., 2011).

In this study, we gave an exhaustive submaximal endurance or
resistance exercise to participants and investigated the relationship
between physical stress (cortisol level in blood), oxidative stress (in-
tracellular ROS accumulation), and adaptive immune response-a
ratio of helper T cells to suppressor T cells (CD4:CD8 ratio).

MATERIALS AND METHODS

Subjects

Ten male volunteers who were all healthy and not currently
taking any medication were recruited under conditions approved
by the Institutional Review Board of Yonsei University for the
protection of human subjects. Informed consent was obtained
from all of the volunteers.

Scheme of study

In order to avoid interference among the tests, the participants
inconsecutively visited the laboratory once a week for 4 weeks. (1)
Basic physical characteristics (height, weight, percentage body fat,
and VO,max) were measured at their first visit. (2) On the second
visit, subjects performed a submaximal endurance exercise with
85% of maximal oxygen consumption (VO,max) until exhaus-
tion. (3) Their maximal strength in 5 different weight training
programs (bench press, seated long full, 45 degree sit-up, leg ex-
tension and leg curl) was measured at their third visit. (4) In the
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last visit, subjects performed a submaximal resistance exercise

with 85% of one repetition maximum (1-RM) until exhaustion.

Preliminary measurement of baseline characteristics

All participants performed preliminary tests for analysis of their
physical characteristics (height, weight, and percentage body fat).
To measure maximal aerobic power (VO;max and HRmax), sub-
jects performed a maximal test on a Q65 treadmill (Quinton, Se-
attle, WA, USA) according to the Bruce protocol (American Col-
lege of Sports Medicine. 2010). The ratings of perceived exertion
(RPE) (Borg’s RPE scale) were used as an indication of impending
fatigue (Borg, 1982). VO, and heart rate (HR) during exercise
were measured using the MetaMax 3B (Cortex, Leipzig, Germa-
ny) and Polar T31 transmitter (Polor Electro, Lake Success, NY,
USA), respectively. VO, and HR were analyzed using the Meta-
Soft Ver. 3.9.5 (Cortex). The maximum strength in weight train-
ing was measured by calculating 1-RM, including five different
stations of a resistance exercise: bench press, seated cable row, 45
degree sit-up, leg extension, and leg curl.

Submaximal endurance exercise with 85% of VO.max

According to the Bruce protocol, subjects ran on the treadmill
until their oxygen intake reached 85% of VO.max. The gradient
and speed of the 85% of VO,max were maintained until they
were exhausted. The exercise intensity during the endurance exer-
cise was fixed at 85% VO,max and was calculated using the HR
reserve method (Karvonen et al., 1957). In order to predict signs
of exhaustion, the oxygen consumption, HR, and Borg’s RPE
scale were monitored every 5 min during the submaximal endu-
ance exercise.

Submaximal resistance exercise with 85% of 1-RM

Following the 1-RM test, submaximal loads, which would elic-
it approximately 85% of maximal strength, wete selected for the
submaximal resistance exercise program. The submaximal resis-
tance exercise was composed of five consecutive sets of exercise
circuits: bench press, seated cable row, 45 degree sit-up, leg exten-
sion, and leg curl. Each exercise circuit was performed 8 times in
1 set followed by 30 sec of recovery until the participant was ex-
hausted.

Blood sampling

Peripheral venous blood was collected from the antecubital vein
of the subjects. Plain and heparin-containing vacuum tubes were
used to isolate sera and peripheral blood lymphocytes (PBLs), re-
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spectively. To isolate PBLs, Ficoll-Hypaque density centrifugation
was performed. The heparinized blood was diluted with the same
amount of PBS, overlaid on a Ficoll, and centrifuged at 800x g con-
tinuously for 10 min. The interphase was transferred to another
tube containing the PBS, mixed by inverting the tubes, and then
centrifuged at 500x g continuously for 10 min. The supernatant
was discarded and the cell pellet was suspended with PBS.

Blood cortisol levels

Blood samples were collected from each subject at rest, and at 0
and 30 min after the exercise. The sera isolated from the blood
were analyzed using COBRA 5010 Quantum (Packard Inc., Mer-
iden, CT, USA). Peripheral blood was spun at 1,000xg for 30
min at 4°C. The serum was separated and immediately stored at
-70°C until analysis. The measurements of the blood cortisol lev-
els were duplicated.

Flow cytometric analysis

To analyze the ROS positive cells and T cell phenotypes (CD4 or
CDS8 positive), the isolated PBLs were incubated with antibodies
labeled with fluorochromes in a fluorescence-activated cell sorting
(FACS) buffer (1% FBS and 0.05% sodium-azide contained PBS)
for 30 min on ice, washed twice with the FACS buffer, measured
using a BD LSR II (BD Bioscience, San Jose, CA, USA), and ana-
lyzed using BD FACS Diva (BD Biosciences) or Flow]Jo software
(Three Star Inc., Ashland, OR, USA). The antibodies used for the
immune cell phenotyping were as follows: FITC-anti-mouse-CD3,
PE-anti-mouse-CD4, PerCP-Cy5.5-anti-mouse-CD8, and APC-
anti-mouse CD45 (BD Pharmingen, SanDiego, CA, USA). The
intracellular ROS production was estimated by fluorescence using
5-(and-6)-chloromethyl-2’,7-dichlorodihydrofluorescein diacetate
(CM-H,DCFDA; Molecular Probes, Eugene, OR, USA) and ex-
pressed as a relative median fluorescence intensity (MFI) ratio, cal-
culated relative to the “rest” stage.

Table 1. Physical characteristics of the subjects

Statistical analysis

The data are expressed as mean +standard deviation (SD). The
significance of differences of the mean values among the groups
were determined by one-way analysis of variance (ANOVA) fol-
lowed by the Scheffé post-hoc test. Statistical significance was set
at P<0.05.

RESULTS

Subjects suitable for high-intensity physical activities
Subjects who participated in this study were male college stu-
dents majoring in physical education. They were all healthy adults
in their early 20s who performed well in a high-intensity endur-
ance and resistance exercise until exhausted. Their average levels of
VO.max and HRmax were 53.99+6.34 mL/kg/min and
186.2+7.61 bpm, respectively (Table 1). The maximum strength
in weight training involved five different stations of resistance ex-
ercises as follows: bench press, 65.5+11.47 kg; seated cable row,
148.5+12.03 kg; 45 degree sit-up, 15+4.41 kg; leg extension,
198.3+17.33 kg; and leg curl, 124+ 15.78 kg (Table 2).

Exhaustive physical activities with high intensity are
induced stress and fatigue.

As an exhaustive endurance exercise model that would induce
fatigue, the subjects performed a submaximal endurance exercise
with 85% of VO,max until exhaustion. Their average running
time was 28.85+4.74 min. Their heart rates dramatically in-
creased during exercise, and hit a plateau 10 min after exercise
(Fig. 1A). The cortisol levels in the sera also significantly increased
after the exhaustive endurance exercise and such increments were
maintained through the recovery (P <0.05; Fig. 1B).

In the submaximal resistance exercise with 85% of 1-RM, the
subjects petformed 5 different weight training programs (bench
press, seated long full, 45 degree sit-up, leg extension, and leg

Table 2. Resistance training program®

Characteristics Values*

Age (yr) 208+14

Height (cm) 174.61+3.75
Weight (kg) 70.54+6.58
%Body fat 13.16+3.76
VOzmax (mL/kg/min) 53.99+6.34
HRrest (bpm) 63.4+6.19
HRmax (bpm) 186.2+7.61

*All values are mean = SD of 10 independent subjects.
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Resistance training program’

Variables 1-BM (kg) :

Repeated time Set*
Bench press 65.5+11.47 8 56+178
Seated long full 1485+12.03 8 7.8+2.20
45 degree sit-up 15+4.41 8 5.1+057
Leg extension 198.3+17.33 8 99+367
Leg curl 124+15.78 8 74+2.72

*All values are mean+SD of 10 independent subjects; 'Resistance training was
performed at 85% of 1-RM until “exhausted.
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Fig. 1. Physiological changes in the exhaustive submaximal endurance and resistance exercises. (A) Heart rate at rest and after the exhaustive submaximal endur-
ance exercise. (B) Cortisol levels in the sera at rest, and 0 and 30 min after the submaximal endurance and resistance exercises. *represents statistical significance
with “rest” (P<0.05). # represents statistical significance with “rest” (P<0.01). %HRmax: percent of maximal heart rate. 85% V0,max: 85% of maximal oxygen con-
sumption. 85% 1-RM: 85% of one repetition maximum. Recovery: time point at 30 min after each exercise.

curl) until exhaustion, and the number of sets (8 times per set) is
shown in Table 2. The cortisol levels in the sera also significantly
increased after the exhaustive resistance exercise and such incre-
ments were maintained through the recovery (P <0.01; Fig. 1B).

Exhaustive physical activities causes a severe oxidative
stress

In order to investigate whether the physical stress of such an ex-
haustive exercise induces cellular damage, the ROS levels in PBLs
were measured during submaximal exercise with 85% intensity.
The submaximal endurance exercise as well as the submaximal re-
sistance exercise markedly increased the ROS levels in PBLs at the
end of the exercises (P < 0.05; Fig. 2).

Physical stress alters T cell phenotypes

T cell phenotypes such as helper and cytotoxic T cells are im-
portant leukocytes in the adaptive immune system for maintain-
ing homeostasis of an organism; the ratio of the T cell phenotypes
is one of the criteria for determining the health condition. The ex-
ercises presented in this study were sufficient to induce physical
stress, and were suitable for researching the relationship between
the ratio of the T cell phenotypes and the health condition. Both
the submaximal endurance exercise and the submaximal resis-
tance exercise significantly increased the CD8" T cell population
compared with that in the resting stage (P <0.05 in the submaxi-
mal endurance exercise and P <0.01 in the submaximal resistance
exercise), but did not affect changes in the CD4" T cell population
(Fig. 3A and B). The CD8" T cell population returned to the rest-
ing level at 30 min after the exercises (P <0.01). The ratio of
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Fig. 2. Changes of an intracellular oxidative stress during the exhaustive sub-
maximal endurance and resistance exercises. The populations of the ROS posi-
tive peripheral blood lymphocytes were measured by flow cytometric analysis.
*represents statistical significance with “rest” (P<0.05). ROS: reactive oxygen
species. Relative MFI ratio: relative median fluorescence intensity to “rest”
stage. 85% VO,max: 85% of maximal oxygen consumption. 85% 1-RM: 85% of
one repetition maximum. Recovery: time point at 30 min after each exercise.

CD4" T cells to CD8" T cells (CD4:CD8 ratio) after each type of
submaximal exercise decreased compared with that at the resting
stage (P<0.05 in the submaximal endurance exercise). The
CD4:CD8 ratio returned to the resting level at 30 min after the
exercises (Fig. 3C).

DISCUSSION

Aerobic exercise and resistance exercise are typical types in
physical exercises. Proper exercises for strengthening the cardio-
vascular system and the skeletal muscles are needed by healthy
people to improve and maintain their health (Haskell et al.,
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Fig. 3. Changes of T cell phenotypes during the exhaustive submaximal endurance and resistance exercises. (A) CD4(+) and CD8(+) T cell populations in peripheral blood
lymphocytes at rest, and 0 and 30 min after the submaximal endurance exercises. (B) CD4(+) and CD8(+) T cell populations in peripheral blood lymphocytes at rest, and
0 and 30 min after the submaximal resistance exercises. (C) CD4:CD8 ratio at rest, and 0 and 30 min after the submaximal endurance and resistance exercises. * rep-
resents statistical significance between “rest” and “end” (P<0.05). ** represents statistical significance between “rest” and “end” (P<0.01). # represents statistical
significance between “end” and “recovery” (P<0.01). CD4(+): CD4 positive helper T cells. CD8(+): CD8 positive cytotoxic T cells. CD4:CD8 ratio: the ratio of CD4 (+) to
CD8(+). 85% VO,max: 85% of maximal oxygen consumption. 85% 1-RM: 85% of one repetition maximum. Recovery: time point at 30 min after each exercise.

2007). However, inappropriate exercises negatively influence
physiological health (Ho et al., 2012) as well as other body sys-
tems, such as endocrine (Davies et al., 1982) and immune systems
(Gholamnezhad et al., 2014).

In this study, we confirmed experimentally that an exhaustive
endurance or a resistance exercise with submaximal intensity
caused excessive physical stress, intracellular oxidative stress, and
]post-exercise immunosuppression.

A number of studies have already been performed to determine
whether the exercise regulates or causes physical stress. However,
it is not clear how exercise changes the immune system. Several
researchers have reported that light to moderate exercises enhance
immunity but prolonged and severe exercises cause temporary
immunosuppression (Kazeem et al., 2012; Zhao et al., 2012). T
lymphocytes are part of the adaptive immune system and play an
important role in maintaining self-regulation against the external
environment. Clinically, abnormal T cell populations and dys-
function are often the cause of certain diseases, such as AIDS, he-
reditary deficiency of T cells, T-cell lymphoma, and T-cell exhaus-
tion caused by sepsis and viral infection. Recent reports also
demonstrated that the CD4:CD8 ratio does not reduce below 1.0
in healthy people (Nigam et al., 2011). However, in the case of
AIDS patients (O’Gorman and Zijenah, 2008), as well as athletes
such as elite swimmers (Mackinnon et al., 1997) or Taekwondo
athletes (Lee et al., 2012), the CD4:CDS ratio was inverted.

Our results also suggested that the exhaustive endurance or re-
sistance exercise reduced the CD4:CD8 ratio to less than 1. Oxi-
dative stress produced by the immune system participates in cel-
lular and DNA damage, and causes immunomodulation. Previous
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reports showed that older individuals (> 60 yr) as well as elite
Taekwondo athletes after competitions with inverted CD4:CD8
ratio also exhibited an excessive oxidative stress in their periphery
(Lee et al., 2012; Muller et al., 2015). In our results, CD4:CDS8
ratio as well as ROS levels in the PBLs decreased immediately af-
ter the exhaustive exercises, but returned to normal levels at re-
covery.

In conclusion, an exhaustive endurance or a resistance exercise
with submaximal intensity caused excessive physical stress, intra-
cellular oxidative stress, and post-exercise immunosuppression.
This suggests that excessive physical stress induces temporary im-
mune dysfunction via physical and oxidative stress.
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