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Abstract
Thl and Th2 immunity was examined following 60 minutes of exercise in 3 different
conditions: (UT) untrained females cycled at an intensity equivalent to 20watts below
their (VT); (TE1) trained females cycled at the same intensity as the untrained females
(90watts) and; (TE2) the trained females cycled at 20watts below their own VT. Blood
samples were taken at rest, post-exercise, and after 2-hours of recovery. Th2 cells
decreased and IL-12 and IFN-y concentrations increased following TE1 and TE2 exercise
conditions (P<0.05). IL-2 increased in the TE2 and decreased in the UT. IL-10
concentrations were lower in the TE1 compared to the UT (P<0.05). The findings
indicate that Th1 immunity was elicited in the trained women, While Th2 immunity was_
elicited in the untrained women following endurance exercise. In conclusion, Th1 and
Th2 immunity is altered in females following acute endurance exercise and this alteration

is influenced by the individual’s fitness level.
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Chapter 1

Introduction

1.1 Introduction

Exercise immunology is a new and developing area of exercise physiology in
which advances and discoveries in the understanding of the immune system enable
researchers to develop new theories as to how exercise influences immunity. In
particular, it has been recently discovered that there are cellular subsets of Helper T cells
(Th), known as Th0, Th1, Th2 and Th3 (De Carli et al., 1994; Doug & Flavell, 2001;
Romagnani, 1995; Yates et al., 2000). These Th cells can be identified by the cytokines
they produce. Cytokines are polypeptides that are secreted by various nucleated cells.
They play a central role in the regulation of the immune system and in the inflammatory
response. Cytokines provide communication between various immune cells and to other
cells outside the immune system. Generally they act locally, in a paracrine or autocrine
manner, although they do travel through the vascular system. Thl cells normally secret
interleukin (IL)-2, interferon (IFN)-y, tumor necrosis factor (TNF) -a and TNF-. Th2
cells predominantly secrete IL-4, IL-5, IL-6, IL-10 and IL-13 (Doug & Flavell, 2001,
Romagnami, 1995). ThO is considered a precursor to these two cells and is found to
secrete many of these various cytokines. Th3 is believed to be the only cell that secretes
transforming growth factor (TGF)-$ (Cerwenka and Swain, 1999). Thl cytokines support
the development of cellular-mediated immune response, which is important for defense

against intracellular pathogens. Th2 response supports the humoral-mediated immune
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response, which helps to defend against certain parasites and free-living bacteria
(Romagnani, 1995).

Research has shown that Thl and Th2 regulate each other, which creates a
homeostasis within the adaptive immune system (Morel & Oriss, 1998). Depending on
the type of infection, either Th1 or Th2 will differentiate to control the portion of the
immune system most suitable to combat the infection. Eventually, the adaptive immune
system will return to homeostasis through cross-regulation between the two cell’s
cytokines (Morel & Oriss, 1998). However, if either Thl or Th2 is chronically favoured,
this may leave the other component of the immune system suppressed, increasing the
susceptibility to various pathogens or certain chronic diseases that may be allowed to
develop, based on which Th cell line is influenced (Spellberg & Edwards, 2001).

There is a growing interest in understanding how the immune system responds to
various physiological stressors, such as exercise. It has been shown that marathon
running can cause a decrease in both immune cell numbers and function, creating an
“open window” of susceptibility to disease (Nieman, 2000). It has been shown that
various stress hormones, such as cortisol and epinephrine, increase in response to
strenuous endurance exercise and may influence this immune response (Pedersen et al.,
1997). Interestingly, both cortisol and epinephrine have been shown to inhibit the release
of pro-inflammatory cytokines, and the cytokines produced by Thl cells (IL-2, IL-6,
INF-y, TNF-a, and TNF-f). As well, it has been shown that IL-4 and IL-10 secretion is
stimulated by stress hormones (Elenkov & Chrousos, 1999; Rhind et al., 1995). It has
also been suggested that cytokines released during endurance exercise may also modulate

the immune response. IL-6, which stimulates Th2 cell differentiation, increases during
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and after endurance exercise (Moldoveanu et al., 2001; Northoff et al., 1994; Pedersen
2000). The exact mechanism for this exercise-stimulated increase in IL-6 still remains
unclear. This increase may be due to stimulation by either an increase in IL-1 or in
cortisol, or in both (Moldoveanu et al., 2001; Pedersen, 2000). It has also been suggested
that the muscle fibers produce IL-6 in response to muscle damage (Pedersen, 2000;
Pedersen & Toft, 2000).

Research suggests that training at a moderate intensity can benefit the immune
system, although this has not been extensively examined (Mackinnon, 2000). The
decreased IL-2 production and lymphocyte proliferation may be attenuation in trained
individuals, post-submaximal endurance exercise (Moldoveanu et al, 2001; Rhind et al.,
1996). The majority of this research is based on male participants. Trained females may
in fact show a different immune response after acute strenuous endurance exercise as
studies have shown that resting cortisol levels do not change with endurance training in
females (Filaire et al., 1998). However, other studies have reported that females,
compared to males, may be hypocortisolic during endurance and during combined
strength and endurance training programs (Bell et al., 1997; Horne et al., 1997; Tsai et
al., 1991). Females are often excluded from research studies due to the problem of
coordinating the study with the menstrual cycle in each participant. This gap in the
literature leaves many unanswered questions about immune system function in response

to various types of exercise in women.

1.2 Purpose and Hypothesis

The purpose of this study was to investigate the immune response in trained and

untrained females following an acute strenuous endurance exercise bout. The immune
3
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response was defined by changes in various immune cells numbers and lymphocyte
cytokine production. It was hypothesized that acute strenuous endurance exercise would
cause a shift between Th1 and Th2 type response in females, whereby Th2 cell numbers
and Th2 cytokine production would be favoured. To fully examine the immune response
to endurance exercise in trained and untrained females, two exercise intensities were
compared. One exercise condition allowed for a comparison between trained and
untrained women performing the same amount of work. The second comparison was
made after participants performed different amounts of work, but at the same intensity
relative to fitness level in both groups. It was also hypothesized that there would be a
difference in the cytokine production of Thl and Th2 cells in trained and untrained

females following the different exercise conditions.

1.3 Significance

Literature has shown that individuals suffering from certain diseases such as,
multiple sclerosis, rheumatoid arthritis, type 1 diabetes and other autoimmune diseases
have an over production of Thl cytokines. Individuals with conditions such as allergies,
asthma, systemic lupus, and systemic sclerosis have an overproduction of Th2 cytokines
and in the case with those who have human immunodeficiency virus (HIV) there is a
suppression of Thl cytokines. This has led to the suggestion that there is an imbalance
between Thl and Th2 cells which may contribute to the severity or the progression of
these diseases (Spellberg & Edwards, 2001). It has also been suggested that the
conditions of these diseases may be improved by stabilizing the balance between Thl and
Th2 immunity (Liblau et al., 1995; McGurik & Mills, 2002; Morel & Oriss, 1998;

Spellberg & Edwards, 2001).
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Exercise has been shown to affect various components of the immune system
(Mackinnon, 1999; Nieman, 1997). More specifically, acute strenuous endurance
exercise has been shown to suppress peripheral T cell counts, as well as lymphocyte
proliferation (Mackinnon, 1999; Nieman, 1997; Pedersen, 2000). Cytokine
concentrations have been found to change after acute strenuous endurance exercise
(Mackinnon, 1999; Moldoveanu et al., 2001; Pedersen, 2000; Smith, 2003). Depending
on the specific cytokine examined, concentrations have been either elevated or decreased.
Additionally, training has been linked with an adaptive response in T cells, lymphocyte
proliferation and cytokine production (Mackinnon, 1999, 2000; Moldoveanu et al., 2001,
Pedersen & Toft, 2000). Consequently, it was hypothesized that acute and chronic

exercise may influence the balance of Th cell subsets and their cytokine production.

1.4 Delimitations

For this study, healthy trained and untrained females were recruited. Both
progesterone and estrogens influence components of the innate and adaptive immune
system (Beagley and Gockel, 2003). Therefore, changes with the female menstrual cycle
will have an effect on he immune system (Northern et al., 1994; Pehlivanoglu et al.,
2001). To control for this, each participant’s menstrual cycle was monitored by
questionnaire, and participants were required to be taking oral contraceptives (OC) during
and four months prior to the study. The exercise tests were conducted during the first
seven days of the OC cycle, which mimics the early follicular phase of the menstrual
cycle. Individuals with severe allergies or immune disorders were excluded from the
study, due to unforeseen implications on the immune response. Participants were also be

asked to refrain from taking anti-inflammatory or anti-histamine medication three days
5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



prior to testing, as such medication has been shown to affect the level of cytokine

production (Rhind et al., 2002).

1.5 Limitations

Participants were volunteers from Edmonton and the surrounding community.
They were not randomly selected from a greater population or randomly assigned to the
two groups, since it was a cross-sectional study. Additionally, only peripheral blood was
analyzed for changes in immune response. [t must be kept in mind that blood represents
only 2% of the lymphocyte population in the body. Finally, the findings from this
research can only be claimed to occur during the first seven days of the pharmaceutical
contraceptive cycle. Though it is highly probable that similar findings would occur
during other phases of the OC and the menstrual cycle, this cannot be stated with

confidence, as female sex hormones do influence the immune system.
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Chapter 2

Literature Review

2.1 Immune System: General

The immune system includes the tissue, cells and molecules involved with the
prevention and elimination of any invading pathogen that could potentially harm the body
(Janeway et al., 2001). Examples of pathogens are viruses, bacteria, fungi, allergens and
parasites. The immune system also defends the body against tumors and aids in the repair
of damaged tissue.

Our immune system is comprised of two main components, the innate and the
adaptive immune systems (Janeway et al., 2001). Innate immunity is composed of
nonspecific mechanisms that provide the ﬁrst‘ line of defense against an infection
(Goldsby et al., 2000). The cells of the innate immune system are readily available
throughout the body and found mainly in the blood stream. Other components that play
an important role in the innate immune system include complement, which contributes to
inflammation, and mucosal membranes, which trap invading pathogens so they can be
removed from body. Response from the innate immune system is rapid and does not rely
on antigen recognition in order to defeat a pathogen (Janeway et al., 2001). Once a
pathogen has entered the body, the innate immune system attempts to destroy it before it
evolves into an infection (Goldsby et al., 2000). However, when the pathogen has
overwhelmed the first line of defense, the adaptive immune system will be signaled.

Adaptive immunity is the result of the adaptations.c;f the immune system to an

infection with that particular pathogen (Janeway et al., 2001). The adaptive immune
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system has specificity and diversity, meaning that its cells can recognize and respond to
any particular pathogen that possibly exists (Goldsby et al., 2000). This is possible
because every pathogen has a unique antigen molecule, which allows it to be
recognizable. Due to this diversity, the immune system also has the ability to “remember”
a particular antigen that has invaded the body. This memory allows the immune system to
react promptly and efficiently if the host encounters that particular pathogen again. This
is possible to the capacity of clonal expansion of the immune cells in response to the
second infection. The final key feature of the adaptive immune system is that these cells
are able to recognize the body’s own molecules and cells. Failure to do so could lead to
an autoimmune disorder, such as Type 1 diabetes (Goldsby et al., 2000).

The adaptive immune system is further sub-divided into the humoral-mediated
component and the cellular-mediated component (Goldsby et al., 2000). Humoral-
mediated immunity involves the production of antibodies, also known as immunoglobins
(Ig). Immunoglobins are soluble proteins, produced by B cells, which circulate in the
blood and the lymphatic system during an infection. They recognize the particular
infectious antigen, which they will bind to, neutralize and destroy by a variety of
responses (Goldsby et al., 2000). Cellular-mediated immunity involves the actual attack
of cells, either by attacking the pathogen directly or by destroying the cell that is host to
the pathogen through lysing or causing apoptosis (Goldsby et al., 2000). It must be kept
in mind that the cellular-mediated, humoral-mediated and the innate immune system
communicate with each other, helping to stimulate and regulate the entire immune system

response (Janeway et al., 2001).
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2.2 Immune System: The Cells

White blood cells (WBC), or leukocytes, are the cellular components of the
immune system. All leukocytes originate from hematopoietic stem cells in the bone
marrow. Many of the cells mature in the marrow, while others migrate and mature
elsewhere in the body (Janeway et al., 2001). Eventually, all of the leukocytes migrate to
peripheral tissue, circulating in blood or the lymphatic system, where they help to fight
invading pathogens.

Leukocytes can be divided into one of the three subclasses: granulocytes,
monocytes and lymphocytes (Janeway et al., 2001; Turgeon, 1993). Within these
subclasses there are many different leukocytes; however, those that are most commonly
found circulating in the blood will be discussed.

There are three types of granulocytes: neutrophils, eosinophils and basophils. All
three are rather short-lived and are heavily recruited during an innate immune response.
Neutrophils are phagocytotic, meaning they ingest invading pathogens. These cells are
the most numerous in the blood and most important for the innate immune system
response against bacteria (Janeway et al., 2001). Eosinophils are the chief defense against
parasites and play a role in allergy and asthmatic responses. The role of basophils is still
unclear, but it has been suggested that they also play a role with in allergies and the
release of histamine (Janeway et al., 2001).

Monocytes are immature macrophages. Hematopoietic growth factors in tissue or
blood influence monocytes to develop into macrophages (Janeway et al., 2001).
Macrophages are also phagocytotic, traveling to the area of infection to consume the

invading pathogens. These cells are part of the innate immune response, although they

12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



are heavily involved with cellular-mediated immunity. They are regulated by cytokines
that are released through the adaptive immune response and, in turn, can initiate the
adaptive immune system through presentation of the antigen to T and B cells (Janeway et
al., 2001).

Lymphocytes are small, inactive cells in a healthy individual (Turgeon, 1993).
These cells ‘are comprised of T cells, B cells, and natural killer (NK) cells. T cells and B
cells have antigen receptors that allow them to recognize specific antigens on pathogens.
This makes them the key components of the adaptive immune response. Once activated
by their particular antigen, T cells and B cells will differentiate and proliferate, which
means they divide into their respective roles and multiply. T cells, depending on their
role, can attack and kill invading pathogens, regulate other components of the immune
system, and establish a memory of the invading pathogen (Goldsby et al., 2000; Janeway
et al., 2001). B cells release Ig, which are designed to seek out the specific antigens and
destroy them. NK cells do not have antigen receptors and are therefore a part of the
innate immune system. They kill the pathogen by lysing any cells that are host to the

pathogen (Janeway et al., 2001).

2.3 T Cells

T cells are the primary part of the cellular mediated component of the adaptive
immune system. They are comprised of two main subsets, Helper T (Th) cells and
Cytotoxic/Suppressor T (Tc/Ts) cells. These are often classified according to antigen
markers on their surface, referred to as clusters of differential (CD). Helper T cells have

CD4+ marker while Tc/s cells have CD8+ marker.
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Helper T cells are among the most important cells in the immune system. They
help with regulation and communicate between cells of the adaptive and the innate
immune systems (Goldsby et al., 2000). The Th cells activate and regulate Tc/Ts cells, B
cells, NK cells, macrophages, and many other immune cells (Janeway et al., 2001).
Recently it has been discovered that there are further subsets to the Th cells. These Th
cell subsets are ThO, Thi, Th2 and Th3 and are classified according to the various
cytokines that they release (Dong & Flavell, 2001; Romagnani, 1995; Weiner, 2001).
These subsets differentiate from activated Th cells (Romagnani, 1995; Weiner, 2001). A
Th cell is activated when it comes in contact with the particular antigen that it recognizes,
either through the pathogen itself or through an antigen presenting cell (APC), such as a
macrophage or dendritic cells (Janeway et al., 2001). Upon activation, the Th cell
becomes a ThO cell and will further differentiate into Th1, Th2 or Th3 cells. The exact
mechanism behind this differentiation is yet to be determined. It has been speculated that
the APC releases cytokines, which in turn stimulate either Th1 or Th2 differentiation.
Interleukin 6 (IL-6) is thought to stimulate Th cells to differentiate into Th2, while [L-12
may stimulate Th1 (see Figure 2.1) (Dong & Flavell, 2001; Rincon et al., 1997; Spellberg
& Edwards, 2001).

Cytokines are polypeptides that are produced by cells such as lymphocytes and
macrophages; they affect the behaviour of cells in the immune system, as well as the cells
that originally produced it (Janeway et al., 2001; Thomson, 1994). Cytokines bind to
surface receptors and alter the pattern of gene expression on their target cells. Usually
their actions alter the rate of cell proliferation and affect the differentiation of the cells

(Thomson, 1994). By secreting cytokines, Th cells can communicate, stimulate and
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regulate other cells, such macrophages, B- cells, and Tc/s cells. Cytokines circulate in the
blood; however, they mostly act locally, in a paracrine or autocrine manner. Paracrine
interactions occur when the secreting/producing cells and the target cells are in close
proximity to each other. Autocrine interaction occurs when the cytokine affects the cells
that it originally came from, resulting in self-stimulation of that particular cell. There are
some key characteristics of cytokines: ambiguity, redundancy, synergy, and antagonism
(Goldsby et al., 2000; Thomson, 1994). Ambiguity means that cytokines have mulFiple
target cells and multiple actions, and there is redundancy of these actions between the
various cytokines. Also, for a particular action to occur, a cell many require more than
one cytokine; this is known as synergy. Finally, many cytokines are antagonistic to each
other, inhibiting the secretion or actions of other cytokines.

There are many types of cytokines, such as the interleukins (IL) the interferons
(IFN), and the tumor necrosis factors (TNF). The ILs are primarily secreted by
lymphocytes, dendritic cells and macrophages, and primarily affect the growth and
differentiation of various immune cells (Goldsby et al., 2000). The IFNs are proteins that
are able to interfere with viral replication and help prevent the spread of viruses from
infected to non-infected cells. They also aid in the regulation of many immune responses
(Janeway et al., 2001; Goldsby et al., 2000). TNFs are proteins that are cytotoxic to tumor
cells and play a role in inflammatory responses (Goldsby et al., 2000).

Thl, Th2 and Th3 regulate different aspects of the immune system and, therefore,
secrete different cytokines. Thl secretes IL-2, TNF-a,, TNF-f, and I[FN-y, communicating
primarily with the cellular-mediated component of the immune system (Dong & Flavell,

2001; Goldsby et al., 2000; Romagnani, 1995; Spellberg & Edwards, 2001). Th2 cells,
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however, secrete IL-4, IL-5, IL-6, IL-10, and IL-13, which communicate with humoral
immunity (Dong & Flavell, 2001; Romagnani, 1995; Spellberg & Edwards, 2001). It is
not fully understood what exact role Th3 cells play in the adaptive immune response, but
they are the only T cells that secret TGF-f3 (Weiner, 2001). The specific roles of each of
these cytokines will be discussed in detail later.

When the immune system is not responding to a pathogen/antigen challenge, there
is homeostasis. This homeostasis also exists between Th1 and Th2 cells and their
cytokines. This regulates the immune system, as many of the cytokines produced by Thl
and Th2 are antagonistic to each other (Janeway et al., 2001; Morel & Oriss, 1998;
Spellberg & Edwards, 2001). For example, many of the cytokines that Th1 produce are
also pro-inflammatory cytokines, while many of the cytokines Th2 cells produce are anti-
inflammatory cytokines. If an infection occurs, there is often an inflammatory response,
which helps to eliminate the invading pathogen. However, this response can become
detrimental to the host if not regulated. Therefore, Th2 cells will differentiate and release
cytokines that inhibit this inflammation, allowing the body to return to homeostatic state.

An activated Th cell will differentiate into Th1 or Th2, depending on the type of
pathogen that is challenging the host. Thl cells react against viruses, mycobacteria
(bacteria that inhabit cells), yeasts, and parasitic protozoan. Th2 cells react against free-
living bacteria and parasitic worms (Janeway et al., 2001; McGuirk & Mills, 2002; Morel
& Oriss, 1998). The common cold is generally the result of a viral infection. The viral
antigen is presented to the T cell by an APC. This will stimulate the Th cell to
differentiate into Thl. Fever, malaise, soreness and inflammation are due to the response

of cellular-mediated immunity (Janeway et al., 2001). Once the infection is cleared, Th2
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will be stimulated to differentiate and release the cytokines that will inhibit the Th1
reaction and allow the body to return to homeostasis (Morel & Oriss, 1998). The opposite
will occur in response to extra-cellular pathogen, in which the humoral immune system
will combat the infection.

If Th1 or Th2 type response is chronically favoured, the immune system may
have difficulty regulating itself and leave the body more susceptible to particular
infections. It has been shown that in several diseases, such as human immunodeficiency
virus (HIV), Type 1 diabetes, rheumatoid arthritis, multiple sclerosis, lupus, allergies and
with asthma, one particular T cell subset is favoured, allowing over production of the
various cytokines (Clerici & Shearer, 1993; Karol, 2002; Liblau et al., 1995; Spellberg &
Edwards, 2001). With the organ specific autoimmune disorders, the combination of Th1
cells and their cytokines appears to be dominant. For HIV/AIDS, systemic autoimmune
disorders, allergies, and asthma, the opposite occurs, with dominance of Th2 cytokines.
Even with aging, Th2 cell differentiation and cytokine production is favored (Sandmand
et al., 2002). This has led many to theorize that this imbalance may have an effect on the
severity and progress of the disease (Clerici & Shearer, 1993; Karol, 2002; Liblau et al.,
1995; Spellberg & Edwards, 2001). For example, although Th2 cells are produced more
than Th1 cells in individuals with HIV, in a few of these individuals this does not occur.
These particular individuals experience a slower progression to developing AIDS, and in
some cases they do not fully develop the disease (Clerici & Shearer, 1993).

Despite the evidence of differentiation in Th cells and their regulation of the
adaptive immune system, it must be stressed that Th cells are not the primary control of

the immune system. Many different cells, not just Th cells, release cytokines. Therefore,
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regulation and communication of the immune system are not entirely dependent on Thl
and Th2 cells. It must be kept in mind that the immune response to stress or infection is
complex and multi-dimensional, involving many different systems and cells. Examining
the differentiation of Thl and Th2 and their cytokines represents only a portion of this

large, complex and integrated system.

2.4 Stress Hormones and the Immune System

When the body is experiencing physiological stress, such as exercise, a number of
hormones are released. These hormones affect many physiological responses of the body,
including the immune system and its function. In response to stress, the central nervous
system (CNS) responds in two ways. First, it activates the sympathetic nervous system,
which then stimulates the release epinephrine and norepinephrine from the adrenal
medulla (Elenkov & Chrousos, 1999; Nagatomi et al., 2000; Webster et al., 2002).
Epinephrine and norepinephrine are hormones responsible for the “flight or fight”
response. The second response to stress by the CNS is the release of corticotropin
releasing hormone (CRH) by the hypothalamus. This hormone will stimulate the anterior
pituitary gland to release adrenocorticotropic hormone (ACTH) (Elenkov & Chrousos,
1999; Rook et al., 1994; Webster et al., 2002). ACTH will further stimulate the adrenal
cortex to secrete glucocorticords, such as cortisol (Elenkov & Chrousos, 1999; Rook et
al., 1994; Webster et al., 2002).

Epinephrine and cortisol are stress hormones that affect the immune system
(Chryssikopoulos, 1997; Elenkov & Chrousos, 1999). Both hormones modulate the
secretion of many cytokines, decreasing pro-inflammatory cytokines and cytokines

produced by Thl cells, IL-1, IL-2, IL-6, IL-8, IL-11, IL-12, TNF-qa, and INF-y, while
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stimulating anti-inflammatory cytokines such as IL-4, IL-10, and IL-13

(Chryssikopoulos, 1997; Elenkov & Chrousos, 1999). These changes in the production of
these various cytokines will down regulate inflammation and also affect the function of
many immune cells, such as macrophages, neutrophils, and lymphocytes (Elenkov &
Chrousos, 1999). Due to the suppression of IL-2, IL-12 and INF-y and the stimulation of
IL-4 and IL-10, there is a shift in Th1 and Th2 immunity, where Th2 appears to be
favored. Since Th2 cells primarily control humoral immunity, antibody and B-cell
activity increases during stress. Th1 cells also appear to have -2 receptors, suggesting
that these cells are also regulated by the epinephrine and norepinephrine released by the
CNS in response to stress (Elenkov & Chrousos, 1999; Nagatomi et al., 2000).

Cytokines in turn regulate the endocrine and nervous system. IL-1 and IL-6 can
also increase the secretion of ACTH and consequently the release of cortisol (Pedersen &
Hoffman-Goetz, 2000; Webster et al., 2002). This could possible create a negative-
feedback loop between the immune, endocrine and nervous system, which most likely
serves as a protective mechanism against inflammation.

Sex hormones can also affect the immune system. Both estrogens and testosterone
have been shown to increase serum levels of IL-6 (Chryssikopoulos, 1997; Pedersen &
Hoffman-Goetz, 2000). Estradiol also increases levels of the hormone prolactin (Vera-
Lastra et al., 2002; White-Welkley et al., 1996). Receptors for prolactin, progesterone and
estradiol have been found on lymphocytes, suggesting that these hormons may indirectly
contribute to the regulation of these cells (Chryssikopoulos, 1997; Vera-Lastra et al.,

2002). Therefore, the function of the immune system will be altered as these hormones
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increase and decrease during the different phases of the menstrual cycle (Beagley and

Gockel, 2003).

2.5 Acute Exercise and the Immune System

Exercise is a physiological stress placed on the body, and research has shown that
strenuous exercise may compromise certain aspects of the immune system (Mackinnon
2000; Nieman et al., 1997, 2000). During acute strenuous exercise, cortisol, epinephrine,
and nor-epinephrine and even prolactin levels increase (Borer 2003; Kjaer et al., 1985;
Pedersen and Hoffman-Goetz, 2000; Shinkai et al., 1996; Starkie et al., 2001). It also
appears that the increase with cortisol and epinephrine levels is linear, up to a set point, to
the duration of the exercise (Petersen & Hoffman-Goetz, 2000), suggesting that
endurance exercise places large amounts of stress on the body. The acute exercise-
induced immune responses of Thl and Th2 cells and their specific cytokines will be
further discussed.

The majority of the literature has demonstrated that Th (CD4) cell numbers
increase during prolonged intense bouts of exercise, and then fall below baseline during
recovery. This suppression can last anywhere between 2 and 72 hours, depending on the
intensity and duration of the exercise (Mackinnon, 2000). Lymphocyte proliferation also
appears to be suppressed during and following an intense bout of exercise (Mackinnon,
1999; Nieman 1997; Pedersen & Toft, 2000). This suggests that there is suppression in T
cell numbers and function in response to a strenuous endurance exercise bout.

Currently there are few studies that have examined Thl and Th2 cell numbers and
their cytokines. It is difficult to identify Th1 and Th2 cells, as they are defined by their

function rather than physical characteristics. However, a few studies have directly
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measured T cells for Thl and Th2 cytokine pattern through the use of
immunofluorescence (IF). Steensberg et al. (2001) found that, with nine male endurance
runners tested during and following a 2. 5 hour run at 75% of their V0;;ax, the percentage
of CD4 and CDS8 cells producing IFN-y and IL-2 decreased. The percentages of CD4 and
CDS8 cells producing IL-4 did not change significantly. This suggested that Thl cells
were suppressed, allowing Th2 cells to become dominant following the exercise
(Steendberg et al., 2001). Ibfelt et al. (2002) found that, in seven healthy males who ran
for 1. 5 hours downhill at 75% of V0ymax, the percentage of CD8 cells producing IFN-y
decreased significantly following the run. Similarly, IL-4 producing CDS cells did not
change in response to the exercise. A third study (Starkie et al., 2001) examined the
effects of an adrenergic blocker on T cell (CD3) IL-2 and IFN-y production. The results
showed that, following a strenuous 20-minute bout of exercise (10 minutes at 82% of
VO02max and 10 minutes at 78% of VOymax), the percentages of IL-2 and IFN-y producing T
cells decreased significantly in six endurance runners.

Although there is limited research specifically investigating the Th1 and Th2
response to strenuous endurance exercise, similar responses have also been demonstrated
in cases of severe physiological stress, such as surgery, where Thl cytokine
concentrations decrease following aortic surgery or carotid endarterectomy (Berguer et
al., 1999; Spellberg & Edwards, 2001). Studies examining psychological stress have also
found that the percentage of Th cells producing Th1 cytokines decreased following a
psychologically stressful event, while Th2 cytokines remained unaffected (Kang & Fox,
2001; Paik et al., 2000). This suggests that Thl differentiation may be suppressed during

a different stressful event, such as a severe bout of exercise.
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The majority of the studies examining cytokine response to acute strenuous
exercise have focused on plasma concentrations and lymphocyte stimulated production as
markers for change. These types of measurements can help to indicate if there is a change
in the cytokine profile in response to exercise. However, due to differences in
biochemical measures and methodological procedures conducted in different laboratories,
there have been contradictory findings in the literature with respect to certain cytokines
(Moldoveanu et al., 2001). Despite this, the common findings in the literature will be
discussed along with these various cytokines.

Interleukin (IL)-2

Thl cells primarily release IL-2, which in turn stimulates Th cells to proliferate
and grow. Therefore, IL-2 is vital for both humoral and cellular-mediated aspects of the
immune system (Janeway et al., 2001; Thomas, 1994). Interluekin-2 stimulates Tc/s cell
growth and proliferation, and to a lesser extent B cells, and NK cells.

Two studies have found no changes in plasma/serum IL-2 concentration and
lymphocyte production after strenuous endurance exercise (Haahr et al., 1991; Weinstock
et al., 1997). However, the majority of the literature that has examined IL-2 after a
strenuous endurance bout of exercise found a decrease in plasma concentrations
(Espersen, et al., 1990; Suzuki, et al., 2000). When the mitogen phytohaemagglutinin
(PHA) is used for lymphocyte stimulation, IL-2 concentrations have also been shown to
decrease post exercise (Fu et al., 2003; Lewicki et al., 1988; Rhind et al., 1996; Tvede et
al., 1993). In all the studies, IL-2 concentrations returned to baseline after 1-2 hours of

recovery.
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Interferon (IFN)-y

Interferon-y is also released by Thl cells. It stimulates macrophages, activates NK
cells, and increases the major histocompatibility complex (MHC) I and II, which help
immature T cells to determine if they are Th cells or Tc/s cells (Spellberg & Edwards,
2001; Thomas, 1994). Most importantly, IFN-y inhibits Th2 cytokine and is often
considered the cytokine that represents Th1 immunity (Janeway et al., 2001; Thomas,
1994).

There is inconsistency in the literature regarding the response of IFN-y to
strenuous endurance exercise using plasma/serum and using lymphocyte stimulated
biochemical measures. Some studies have found no significant changes in IFN-y
production and stimulation post exercise (Haahr et al., 1991; Nieman et al., 2001; Suzuki
et al., 1999, 2000; Weinstock et al., 1997); increases in [FN-y (Braum et al. 1997; Moyna
et al., 1996; Mueller et al., 2000; Viti et al., 1985); as well as decreases after exercise
(Baum et al., 1997; Henson et al., 2000; Surkina et al., 1994; Weinstock et al., 1997).
This inconsistency may be due to differences in the exercise intensity and duration or
differences in biochemical techniques. For example, Weinstock et al. (1997) examined
both IFN-y concentrations in plasma and with lipopolysaccharide (LPS) stimulated
lymphocytes in 15 trained male runners following a strenuous exercise test. No changes
were found in the plasma; however, there were deceases in IFN-y in the LPS stimulated
lymphocytes. As well, IFN-y degrades quite quickly, which means that the timing of the

blood samples can be crucial in attaining reliable results (Moldoveanu et al., 2001).
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Interleukin (IL)-4

Th2 cells produce IL-4, which in turn promotes Th2 cells to continue growing and
proliferating. It stimulates B cells to become activated and grow. IL-4 also inhibits
macrophages and increases the growth of mast cells, and orchestrates asthmatic and
allergic responses (Janeway et al., 2001; Speelberg & Edwards, 2001; Thomas, 1994).
The majority of literature has found no changes in IL-4 production or stimulation after
exercise (Moyna et al., 1996; Mueller et al., 2000; Nieman et al., 2001; Suzuki et al.,
2000), suggesting IL.-4 production is unaffected by exercise stress.

Interleukin (IL)-10

Th2 cells produce IL-10, which inhibits the cytokines that Thl cells secrete. As
well, it inhibits macrophages and stimulates mast cell growth (Janeway, 2001; Speelberg
& Edwards, 2001). IL-10 is also a key anti-inflammatory cytokine (Thomas, 1994).

Studies have found IL-10 to increase in plasma following strenuous exercise, and
to return eventually to baseline during recovery (Bishop et al., 2001; Nieman et al., 2001,
Ostrowski et al., 1999; Suzuki et al., 2000). However, Mueller et al. (2000) and Gannon
et al. (1997) found that no changes occurred in IL-10 post exercise with lymphocyte
stimulation or in plasma concentrations. Insulin like growth factor (IGF)-1 has been
shown to increase IL-10 concentration in PHA stimulated cells, as well as in serum
(Warzecha et al., 2003). Circulating concentrations of IGF-1 have been shown to rise due
to exercise (McCarty, 1997). Therefore, this may be one of the possible mechanisms

behind the changes of IL-10 as a result of endurance exercise.
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Interleukin (IL)-6

IL-6 stimulates Th2 production and IL-4 secretion. Th2 cells also release IL-6 that
in turn stimulates other activated Th cells to differentiate into Th2 (Rincon et al., 1997;
Speelberg & Edwards, 2001). IL-6 is often considered a pro-inflammatory cytokine;
however, it has many anti-inflammatory properties as well (Thomas, 1994). It has been
found to increase plasma IL-1ra, IL-10 (anti-inflammatory cytokines) and cortisol
(Steensberg et al., 2003). It is released by antigen presenting cells (APC) in response to
stress or infection, and can also be produced by muscle tissue during strenuous exercise
(Pedersen & Toft, 2000; Rincon et al., 1997).

Numerous studies have shown that strenuous exercise will increase the plasma
concentrations of IL-6 during and following exercise (Moldoveanu, 2001; Nieman et al.,
2001; Northoff et al., 1994; Ostrowski et al., 1999). Eventually the levels of IL-6 return
to pre-exercise concentrations; however, this depends on the intensity and the duration of
the exercise, as well as on adequate recovery time. Brenner et al. (1999) found that
exercise at 60% of VO,yax for 120 minutes increased 1L-6 levels, but that exercising at
90% of V0ymax for 5 minutes did not alter IL-6 levels. This suggests that exercise duration
may be a key factor affecting IL-6 production. The increase in IL-6 during exercise has
been found to precede the changes with other cytokines (Ostrowski et al., 1998). This
suggests IL-6 plays a central role in the cytokine response to exercise (Steensberg et al.,
2003).

Interleukin (IL)-12

IL.-12 stimulates Th1 cell differentiation from an activated Th cell (Rincon et al.,

1997). Macrophages or other APCs usually secrete IL-12. Rhind et al. (2002) conducted
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an acute 60-minute exercise bout of 60% of V0,max and found a rise in IL-12 plasma
concentrations in ten healthy male participants. However, these levels returned to base
line immediately after exercise. Many other studies have attempted to analyze 1L-12
changes after strenuous endurance exercise but were not successful, as concentrations
were below the detection limit of the immunoassay kits (Gannon et al., 1997; Steensberg
et al., 2001; Suzuki et al., 2000).

Despite the controversies in the literature with certain cytokines, some
conclusions can be drawn. It is well documented that IL-6 increases and remains elevated
after prolonged strenuous exercise. As stated earlier, IL-6 stimulates Th2 cytokine
production. Though IL-4 does not change, IL-10 has been found to increase in response
to exercise. This suggests that exercise does not inhibit Th2 response and may in fact
promote it. As well, it appears that strenuous endurance exercise decreases many Thl
cytokines. IL-2 concentration and production decreases post-exercise, and despite the
controversies with IFN-y, the studies that have used immunofluorescence for biochemical
analysis have all found IFN-y to decrease as well. This suggests that strenuous exercise
may induce a shift of Thl and Th2 cells, favoring Th2 immunity.

It has also been suggested that these changes in cytokine patterns may not be
related to Th1 and Th2 immunity but may be more representative of shift between
pro/anti-inflammatory responses (Gannon et al., 1997). Most likely the inflammatory and
Th response are interrelated. The shift from pro- to anti-inflammatory cytokines may be a
protective mechanism in response to stress. In order to protect the body from excess

_ inflammation, perhaps Thl cells and their cytokines must be compromised. This shift

between Thl and Th2 may be another explanation as to why athletes are more susceptible
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to upper respiratory tract infection (URTI) (Smith, 2003). URTIs are usually in the form
of a virus which is controlled and attacked by the cellular-mediated defenses, initiated by
Thl cells. If these Th1 cells are inhibited or suppressed following a competition, the

athlete may be more susceptible to specific viral/ bacterial infection.

2.6 Comparing Trained and Untrained Individuals

Attempting to understand how the immune system responds to an acute bout of
exercise 1s very important for therapeutic and clinical reasons. Examining how the
immune system is altered by chronic exercise or regular training can lead to further
insight into how the immune response adapts to physiological stress. It can also provide
an indication of the overall health of individuals in various populations. There is evidence
that intensive exercise training, without adequate recovery, can lead to a chronic
suppression of the immune system (Bruunsgaard et al., 1997; Mackinnon, 2000; Nieman,
1997), causing training athletes to be more susceptible to URTIs. However, the effect of
moderate exercise training on the immune system is still not fully understood. Despite
anecdotal claims that moderate endurance training will benefit the immune system, there
is limited research to support this, particularly in females. Currently, no known studies
have examined the effects of exercise training, either moderate or intense, on the Th1 and
Th2 cytokine profile in humans. Cross-sectional, training and animal studies have
provided some evidence that regular exercise may affect these cytokines, especially in
response to a stimulus such as a strenuous exercise bout.

Cross-Sectional Studies

The majority of cross-sectional studies have only compared resting immune

measures between athletes and sedentary individuals. Although some studies have found
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no differences between trained and untrained individuals (Eliakim et al., 1997; Henson et
al., 2001; Nieman et al., 1994, 1995), others have found differences with respect to
lymphocyte cell counts and proliferation, and in various cytokine concentrations (Mueller
et al. 2000; Nieman et al. 2000; Shinkai et al., 1995; Yan et al., 2001). Nieme{n et al.
(2000), comparing marathon runners and sedentary controls, found that in resting levels
lymphocyte proliferation was higher in the athletes, while IL-6 was higher in the
sedentary controls. Mueller et al. (2000) found higher plasma IFN-y levels in recreational
cross-country skiers, compared to elite cross-country skiers and sedentary controls. It was
also found that there were no differences in plasma IL-4 and IL-10 concentrations
between the three groups. In another study that compared older male runners (ages 65 +)
to sedentary aged matched controls, T cell proliferation, IL-2, [IFN-y and IL-4 LPS
stimulated concentrations were found to be higher in the runners (Shinkai et al., 1995).
This was an important finding, as Th2 type response becomes more dominant in the
elderly. In this case, the runners seemed to have a higher Th! cytokine profile than their
sedentary controls.

Finally, a large cross-sectional study examined young, middle-aged, and elderly
moderately active and sedentary males and found that B cell counts were higher in the
sedentary individuals, and even more so in the elderly (Yan et al., 2001). This finding
suggests that Th2 type response, known to control humoral immunity, is more dominant
in the aged and that perhaps moderate exercise can alleviate this dominance.

Further research is needed to understand fully the immune system differences
between trained and untrained individuals. It would also be beneficial to examine

changes in the immune system, between these two populations, after a strenuous
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endurance exercise bout. There is a growing belief that resting immune cell measures
may not adequately test for differences between trained and untrained individuals
(Shephard & Shek, 1998). In healthy individuals, the immune system is in homeostasis
(Janeway et al., 2001) and remains homeostatic unless stimulated by a stressor such as an
invading pathogen, or by an increase in environmental, psychological or physiological
stress. Therefore, a response to acute strenuous endurance exercise may test for
differences in the immune system and its function between trained and untrained
individuals (Shephard & Shek, 1998). Understanding these differences will allow further
insight into the immune response to exercise training.

Training Studies

Many studies have examined changes in the immune system before and after
training. Nehlsen-Cannarella et al. (1991) conducted a study examining pre-menopausal
women before and after a 15-week walking program (5 days/week, 45 minutes at 60% of
heart rate reserve). They found that resting lymphocyte percentages, particularly T cell,
decreased after 6 weeks of training. However, this decrease was attenuated at 15 weeks,
suggesting that an adaptive response to training occurred. Other studies have found
increases (Host et al., 1995; Woods et al., 1999;), decreases (Kajiura et al., 1995; Pizza et
al., 1995; Scanga et al., 1998), or no change (Ferrandez et al. 1996; Nieman et al. 1993,
1998) in resting T cells (CD3) and their subsets (CD4 and CD8). This discrepancy may
be largely due to differences in the training program, length of the study, and differences
in biochemical measures. Most studies solely examined values before and after training,
but if an adaptive response is to be observed, blood samples (at rest and in response to

acute exercise) may need to be taken periodically throughout the training program.
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Rebelo et al. (1998) investigated the effect of an 11-month training program and
participation in soccer matches on circulating leukocytes and lymphocytes in male
players. It was found that in resting samples, naive T cell (CD4+CD45RA+) numbers
increased, while CD8+CD57+ decreased during the preseason. These numbers returned
to baseline halfway through the season.

Rhind et al. (1996) examined the effects of 12 weeks of moderate training on pre-
and post-immune cell responses to acute exercise in males. It was found that resting B
cells decreased with training and plasma I1-2 increased with training. Interestingly, the
decreases in IL-2, IL-2 receptors and lymphocyte proliferation after acute exercise were
significantly less after training than before the training program. This again suggests an
adaptive response of the immune system.

Nieman et al. (1993) examined the effect of a 12-week walking program on
sedentary elderly women (67-85 years of age). Although there were no immune changes
after the training program, the number of URTIs that the women in the exercise group
reported was significantly less than those reported by the control group. As stated earlier,
cellular-mediated immunity initiates the response against URTIs. Therefore, this research
suggests that moderate exercise may compromise the cellular-mediated response.

Animal Studies

Moriguchi et al. (1998) randomized ten lean and ten obese female rats into
exercise training and control groups. After 40 weeks of training, there was a smaller
decrease in lymphocyte proliferation in the obese rats. Kohut et al. (2001) compared
young and old male mice and found that with 8 weeks of exercise training, IL.-2 and IFN-

v (LPS stimulate spleen cells) increased, more so in the older mice, while IL-10 was not
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affected by the exercise training. The authors suggested that the training program seemed
to have an effect on Thl cytokines, while not affecting Th2. Another study, with similar
conditions, also found that IL-2 increased (Con-A stimulated spleen cells) in mice after a

22-month training program (Nieman et al., 1994).

2.7 Gender

Gender differences are not often studied in the field of exercise immunology, as
the majority of research has been done with male participants only. This is largely due to
the challenges posed by the effects of the female menstrual cycle on the immune system.
Changes in the circulating hormones that occur during the menstrual cycle affect how the
immune system responds to various stressors. Pehlivanoglu et al. (2001) compared
lymphocyte cell numbers during the follicular and luteal phase, before and after acute
mental stress. During the luteal phase, CD4 and CD8 numbers were higher. As well, after
acute mental stress, there was a greater suppression of the CD4:CD8 ratio during the
luteal phase. Therefore, it may be ideal to test female participants during the same phase
of the menstrual cycle to control for this. At this time, the few studies that have examined
immune response to exercise in females have controlled for the phase of menstrual cycle.

Females are more likely to use a Thl type response rather than a Th2 type
response (Goldsby et al., 2000). The exact mechanism for these gender differences and
changes throughout the menstrual cycle is still unclear, although it is believed that the
estrogens may be responsible (Ahmed et al., 1985; Goldsby et al., 2000). During
pregnancy, when the ratio of estrogens to progesterone is high, there is a shift in the Thl,
Th2 and Th3 balance to favor Th2 and Th3 responses (Goldsby et al., 2000; Raghupathy,

2001). This is a protective mechanism to prevent the rejection of the fetus, which is a
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semiallogenic graft (Ahmed et al., 1985). Estradiol also regulates the release of prolactin,
which is not a sex hormone, although it is in far greater concentrations in females than in
males (Vera-Lastra et al., 2002). Receptors for prolactin have been found on T cells and
B cells, suggesting that it also plays a role in the regulation of the immune system
(Goldsby et al., 2000).

Finally, females may have a different immune response to exercise than males. It
has been demonstrated in a few studies that females, compared to males, had higher
resting cortisol levels during endurance and concurrent (endurance and resistance)
training (Bell et al. 1997; Horne et al., 1997; Tsai et al., 1991). Tegelman et al. (1990)
found that, when compared to sedentary controls, elite female athletes had higher cortisol
levels as well. With elevation in levels of circulating cortisol, a different immune
response to stress may be observed in trained females when compared to sedentary
controls or to males.

Understanding the female’s immune response to exercise, especially concerning
the Th1 and Th2 cells and their cytokines, is important. Females are 2-3 times more
susceptible to autoimmune diseases than males (Bijlsma et al., 2002; Whitacre, 2001). It
would be beneficial to understand the physiological differences in response to exercise
between females and males. This knowledge can perhaps lead to further research
concerning the role that regular exercise plays in people’s lives and the significance of

these immune responses.

2.8 Summary

It is well known that strenuous endurance exercise will modulate various

components of the immune system. Although examination of the Th1 and Th2 response
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is relatively new in exercise immunology, it has been demonstrated that there may be a
suppression of Th1 type response following strenuous endurance exercise. As well, it has
been shown that with training there may be an adaptation in the immune system. Further
research is needed to understand this adaptation, as well as the differences that may exist
between trained and untrained individuals. At this time there are no known studies that
have compared the Thl and Th2 response and their cytokines to strenuous endurance
exercise in trained and untrained individuals. Finally, the majority of the research in
exercise immunology has primarily examined males; thus there is a need to examine the

response to exercise of women’s immune system.
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Figure 2.1. Schematic Schematic model for the differentiation of precursor Th cells (pTh)

into effector Thl and Th2 cells.'

! Note: From “Interleukin (IL)-6 directs the differentiation of IL-4-producting CD4+ T
cells,” by M. Rincon et al., 1997, Journal of Experimental Medicine, 185(3), p. 467.
Reprinted with permission.
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Chapter 3

Comparison of T Cell Subsets and Cytokine Production in Response to Strenuous

Endurance Exercise in Trained and Untrained Females

3.1 General Introduction

Acute strenuous exercise has been suggested as a possible model with which to
examine the physiological changes that occur with acute stress (Shephard & Shek, 1998;
Shephard, 2001). It has been demonstrated that there are transient changes with the
immune system in regard to cell numbers and their function following acute strenuous
endurance exercise (Mackinnon, 1999, 2000; Nieman, 1997, 2000; Pedersen et al., 1998;
Pedersen, 2000). Cytokine concentrations have also been shown to change following
acute strenuous endurance exercise, whereby an inhibition of pro-inflammatory cytokines
and a stimulation of anti-inflammatory cytokines have been reported (Bishop et al., 2001;
Brenneret et al., 1999; Fu et al., 2003; Henson et al., 2004; Smith, 2003; Steensberge et
al., 2001; Suzuki et al., 2000). It has been suggested that a type 2 helper T cell (Th2)
response is favorqd and that a type 1 helper T cell (Thl) is suppressed following such
exercise (Elenkov & Chrousos, 1999; Rhind et al., 1995; Steensberge et al., 2001).

Aerobic training can potentially benefit the immune system (Mackinnon, 2000).
Therefore, the immune system in aerobically fit individuals may respond to the
physiological stress of exercise differently than in those individuals who are sedentary.
There is limited research supporting this claim (Mueller et al., 2000; Nieman et al., 2000;
Shinkai et al., 1995;. .Yan et al., 2001). As well, the majority of available research

involves male participants. Females may in fact show a different immune response after
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acute strenuous endurance exercise, due to different circulating levels of reproduction
hormones. Another limitation with many of the present cross-sectional studies is that only
resting measurements are compared; despite similar resting levels, there can be dramatic
changes in the immune responses as a result of acute exercise. Therefore, the immune
response to physiological stress has not been fully examined.

The purpose of this study was to examine immune responses, specifically T cell
sul;sets and cytokine concentrations in healthy trained and untrained females following
acute endurance exercise conditions. It was hypothesized that there would be a difference
between the Th1 and Th2 type responses, whereby Th2 cells numbers and cytokine
production would be increased following 60 minutes of endurance exercise in females.
This immune response was examined in untrained women and aerobically trained
women. The trained females completed two exercise conditions at 2 different intensities
to allow for a relative and absolute intensity comparison to the untrained females. The
first exercise bout allowed for a comparison between trained and untrained women
performing the same amount of work; the second comparison was made after both groups
of participants performed different amounts of work but at the same intensity relative to
fitness level. It was also hypothesized that there would be a difference in the shift
between cytokine production of Th1 and Th2 cells in trained and untrained females

following the different exercise bouts.

3.2 Methods

Participants
Eleven trained and 14 untrained females between the ages of 18 and 36 were

recruited for this study from Edmonton and the surrounding community. An untrained
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individual was defined as a person who had not participated in formal exercise training
for at least a year, who may have participated in recreational exercise no more than two
times per week, and who had a V0ymax less than 35ml/kg/min determined on a cycle
ergometer. A trained individual was defined as a person who had been participating in
formal endurance exercise training three or more times per week for the two months
previous to the study, and who had a VOyma greater than 45ml/kg/min measured using a
cycle ergometer.

Participants were required to complete a Physical Activity Readiness
Questionnaire (PAR-Q) and a menstrual/general health questionnaire (see Appendix B).
Inclusion criteria were that participants must be 1) healthy and free of certain conditions
that could affect their performance or the immune system, such as allergies, asthma, and
other immunological/hormonal disorders; 2) non-smokers; 3) currently not using
medication that can affect immune function or inflammation; 4) abstaining from using
vitamin or mineral supplements in excess of their recommended daily intake; or 5) taking
oral contraceptives (OC) for at least four months prior to and for the duration of the
study.

Height and weight were recorded for all participants. The sum of 6 skinfolds were
taken at the following sites: tricep, subscapular, iliac crest, abdominal, and front and rear
thigh. The mean of two skinfolds, within 4mm, was taken at each of these sites. The
Yuhasez formula was used to calculate body fat percentage [% fat = (sum of 6 skinfolds x

0.217) - 4.47].
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Exercise Testing

Maximal aerobic power (VOmax) and ventilatory threshold (VT) were measured
in each participant, using a graded exercise test to exhaustion on a Monark Ergomedic
cycle (Varberg, Sweden) while being monitored with a calibrated metabolic cart
(Parvomed True Max 2400, Utah). Time of test was done set to the participant’s
convenience, usually one week prior to the 60-minute endurance exercise test. This test
protocol followed the American College of Sports Medicine (ACSM) guidelines for a
graded cycle exercise test. Participants were allowed to warm up for approximately 5
minutes. Each participant began the test at power output (PO) of 40 watts (W), with an
increase of 20W every 2 minutes. The criteria for determining VOynax were two of the
following: a plateau in oxygen consumption with continued effort, respiratory exchange
ratio (RER) greater than 1. 1, or the participant reaching volitional exhaustion. Heart rate
was also recorded every minute using a heart rate monitor (Polar USA, CT). Ventilatory
threshold (VT) was determined using the “V-slope” method, according to the
methodology of Wasserman et al., 1999. Oxygen consumption and power output at
V02max and VT were used as dependent variables.

The 60-minute endurance exercise test on a Monark cycle ergometer took place
during days 1-7 of the OC cycle. For the untrained group, the intensity of the test was
performed at 20W just below the PO that elicited VT. The trained group were asked to
perform two endurance exercise tests. The first exercise condition was conducted at the
mean absolute intensity achieved by the untrained group (approximately 90 watts). This
allowed for a comparison of the trained and untrained participants at the same absolute

intensity of exercise. The second condition was done at 20W just below the PO of their
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own VT. This allowed a comparison of the same relative intensity between the groups.
Similar exercise intensity and duration have been shown in previous literature to elicit an
immune response (Brenner et al., 1999; Rhind et al., 2002; Tvede et al., 1993;
Vassilakopoulos et al., 2002). Heart rate was also measured throughout the endurance
tests in both groups, as described previously.

Participants were asked to refrain from participating in any physical exercise,
consuming alcohol, and ingesting any anti-inflammatory/histamine (including pain or
allergy relief) medication for 36 hours prior to the day of the testing. Subjects arrived in
the morning (7:00am) following a 12-hour overnight fast. Upon arrival, participants were
provided with a meal (CLIF bar, Berkley CA) standardized to their body mass. The
standardized amount was equivalent tol gram (g) of carbohydrate, 0. 13g of fat, and 0.
24g of protein per 1 kilogram (kg) of body mass. The amount of carbohydrate followed
the guidelines outlined by Sherman (1989) for pre-event meals. See Appendix C for
nutritional information on the CLIF bars. Two hours were given before the exercise test
to allow for digestion of the breakfast.

Participants were required to drink a minimum of 500 ml of water during the two
hours before the test, 125 ml every .15 minutes during the exercise challenge, and an
additional 500 ml during the two hours of recovery. Body mass was taken pre- and post-
exercise to determine fluid loss. In incidences where there was fluid loss, the participants
were required to drink that volume of water in addition to the 500 ml consumed after the

test.
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Blood Collection

Blood samples were collected by a trained phlebotomist, at rest (T0), immediately
following the exercise test (T60), and again after two hours of recovery (T180).
Venipuncture of the anti-cubital vein was used for sample collection. Two 10 ml blood
samples were collected in vacutainer tubes at each time point. One tube was coated with
tripotassium ethylene diamine tetraacetic acid (K3;EDTA), and the other with sodium
heparin, both anti-coagulants. Two anti-coagulants were used because K;EDTA inhibits
cellular function and therefore could alter cytokine production.

Blood Analysis

Whole blood was analyzed for hematocrit, hemoglobin, plasma cortisol, plasma
cytokine concentration (IL-6, IL-12), lymphocyte phenotyping, lymphocyte stimulated
cytokine production (IL-2, IL4, IL-6, IL-10, and IFNY), and total leukocyte numbers.

Total blood cell count, white blood cell differentiation (granulocytes, monocytes
and lymphocytes), hemoglobin, and hematocrit were determined using an automated
Coulter counter (Beckman Coulter AcT 5diff Cap Pierce Hematology Analyzer, Miami
FL), which follows the electrical principle of counting cells. The sample passes through
an aperture where an electrical current is passed between two electrodes. Blood cells are
poor conductors of electricity, and so they increase the electrical resistance of the sample.
Each cell alters the flow of resistance differently and this resistance is measured to count
and differentiate between specific cells.

Lymphocyte Isolation

The lymphocytes were isolated from the blood to be stimulated for cytokine

production. Whole blood samples were centrifuged at 700 x gravity (x g) for 10 minutes.
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The plasma was transferred into microcentrifuge tubes and stored at -80°C until analysis.
Four ml of sterile buffer solution was added to the remaining sample [red blood cell
(RBC) pellet and buffy coat] and re-suspended gently. Histopaque 1077 (Sigma Chemical
Co., St. Louis, MO) was gently added to the sample in a 1:1 ratio (4 ml: 4ml). The
sample was spun at 400 x g for 30 minutes at room temperature. The lymphocyte band
was removed, and 10 g-L.-1 of bovine serum albumin (BSA) in phosphate buffer saline
(PBS) was added to the isolated lymphocytes; this was further centrifuged at 250 x g for
10 minutes at 4°C.

Excess fluid was disposed, and 1 ml of complete culture medium (CCM) was
added to the cell pellet. The number of lymphocytes in the sample were counted using a
hemocytometer, and the sample was further diluted to a concentration of 1x10° cells'm!™
for the lymphocyte stimulated cytokine analysis.

Lymphocyte Cytokine Production

The samples were stimulated with Phytohaemagglutinn (PHA), a mitogen known
to activate T cells. The mitogen was added to an isolated lymphocyte sample to a

concentration of 1x10° cells'ml”, and 2 ml of complete culture medium (CCM). The
samples were incubated for 48 hours at 37°C in a controlled atmosphere (5% CO,, 95%
relative humidity) to allow for cytokine proliferation. After the incubation, the samples
were spun in the centrifuge for 10 min at 200 x g at 4°C. The supernatant was removed

from the sample, transferred to microcentrifuge tubes, and stored at —80°C for later

determination of cytokine production.
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Immunofluorescence

The lymphocyte phenotypes were identified by direct incubation with labeled
monoclonal antibodies (mAb) specific to surface antigens. This labeling emits a
particular fluorescence that can be read by a flow-cytometer (Becton Dickinson,
Sunnyvale, CA). Data are presented as the percentage of total mononuclear cells. The
peripheral concentration of each immune subtype was determined by calculating the
percentages from the immunofluorescence analysis with the differential WBC count.

The plate used for immunofluorescence was preconditioned with 200ul of 4%
fetal calf serum (FCS) in PBS and allowed to incubate at room temperature for
approximately 30-minutes. Whole blood from the 10 ml K;EDTA tube was centrifuged at
700 x g for 10 minutes. The serum was discarded, and RBCs were lysed with lysis buffer.
This was allowed to incubate for 10 minutes at 37°C. The tube was similarly centrifuged
again, excess lysis buffer was withdrawn, and these steps were repeated until the RBC
pellet was gone. One pl of 4% FCS in PCS buffer was added to the tube, and the white
blood cell pellet was re-suspended. One hundred pl of the sample was added to each well
of the microliter plate. The plate was then centrifuged for 2 minutes to pellet the cells,
was vortexed, and the wells were washed with 200ul of the 4% FCS in PBS buffer, and
then centrifuged again for 2 minutes. The wells were labeled with 10ul of each particular
monoclonal antibody (mAb; Sigma Chemical Co., St. Louis, MO and BD Pharmigne,
Mississauga, ON) labeled with fluorescein isothiocyanate (FITC), phycoerythrin (PE),
allophycocyanin (APC), quantum red (QR) or biotin (B). The following clusters of
differentiation (CD) were examined: CD3+ (T cells), CD3+CD4+ (Th cells), CD3+CD8+

(Tc/s cells), CRTH2+CD3+, CRTH2+CD4+ (Th2 cells), CRTH2+CD8+ (Tc/s2) CD20+
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CD19+ (B cells), CD3-CD16+CD56+ (NK cells), and CD25+CD3+ (activated T cells),
CD25+CD4+ (activated Th cells), CD25+CD8+ (activatéd Tc/s cells), and
CD25+CRTH2+ (activated CRTH2 cells). Refer to Appendix C for specific mAbs added
to each well.

After the mABs were added, the plate was incubated in the refrigerator (4°C) for
30 minutes. Following incubation, 10ul of quantum red (QR) strept-avidin was added to
each biotin labeled well, and the plate was incubated for an additional 30 minutes at 4°C.
Each well was washed again with 200ul of 4% FCS in PBS buffer. Finally 200pul of cell
fixative (PBS with sodium azide) was added. The plate was covered and stored in a
refrigerator at 4°C until analysis. Samples were acquired with FasCalibur (BD
Bioscience, San Jose, CA). A minimum of 6000 gated cells were acquired and analyzed
with CellQuest Pro (BD Bioscience, San Jose, CA) for relative percentage of lymphocyte
populations.

Plasma Cytokines and Lymphocyte Stimulated Cytokines (ELISA)

Extra-cellular cytokines IL-6 and IL-12 concentrations were measured in plasma.
The concentrations of IL-2, IL-4, IL-6, IL-10, and IFN-y were examined on unstimulated
culture media, as well as the PHA stimulated culture media. Concentrations were
determined using commercially available enzyme-linked immunosorbent assay (ELISA)
kits (OptEIA from BD Pharmigen, ON). Procedure was followed according to the
company’s specifications. The ranges of standard curves for each of the cytokines are as
follow: IL-2, 7.8 — 1000 pg'ml™'; IL-4, 7.8 — 500 pg'ml™’; IL-6, 4.7 - 600 pg-ml™; IL-10,
4.7 - 600 pgrml™; IL-12, 15.7 - 2000 pg'ml™'; IFN-y, 7.8 - 600 pg'mlI™. Samples were

analyzed in duplicate. If the co-efficient of variance (CV) was over 15 %, the sample was
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re-analyzed. The average CV for each of the cytokines were the following: IL-2 - 6. 7%;
IL-6 - 4.6%; IL-10 - 4.5%; IL-12 - 9.9%; IFN-y - 7.24%.

Samples were added to antigen-coated micro-well plates, in which the specific
cytokines will bind to the antigen. Excess sample was washed away with wash buffer,
and a second enzyme-conjugated antigen was added that binds to the cytokines. The
excess was again washed away, and a substrate for the enzyme was added to produce the
colour. The colour absorption was read on a Spectra Max 190 plate reader (Molecular
Devices, Sunnyvale, CA) at wavelength of 450-570 nm and concentrations determined
against a standard curve.

Hormones

Cortisol was measured in plasma with commercially available radioimmunoassay
(RIA) kits (Oxoid, Stillwater, MN) in duplicate. The procedure was followed according
to the company’s specifications. RIA operates similarly to the ELISA procedure;
however, in this case the antigen is labeled with a radioactive label (***1) instead of an
enzyme. Ten pl of each sample were added to the GammaCaoat tubes, in duplicate. The
121 was added, following 45 minutes of incubation in a water bath at 37°C. Samples were

- decanted and counted on a 1470 Wizard Gamma Counter (Wallace, Turku, Finland). The
samples were compared to a standard curve (1-60 ug-dl™") to determine plasma cortisol

concentrations. The average CV for the assay was 8.7%.

3.3 Statistical Analysis

Means and standard deviations were calculated for all blood measures taken
before, during, and after the strenuous endurance exercise test. All measures were

examined for normal distribution using Kurtosis and Skewness techniques. In cases
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where the results were not normally distributed, concentrations were converted to
logarithms before analysis. Separate two-way analysis of variance (ANOV A) procedures
with repeated measures were used to determine any significant differences in the immune
and hormonal measures at three different times (T0, T60, and T180) and between the
exercise conditions. Three separate comparisons were performed. First, the untrained
group exercise condition (UT) and the trained group’s first exercise condition at the same
absolute intensity (TE1) were compared. The second comparison examined the “relative”
exercise intensity comparison between the UT exercise condition and the second higher
intensity exercise condition of the trained group (TE2). Finally, the third repeated
measure analysis compared the trained group’s two exercise conditions (TEI vs. TE2).
Any significant F-ratios determined by ANOVA were further analyzed with a Tukey
multiple comparison procedure. A standard independent t-test was used to determine any
significant differences between group characteristics and exercise performance. An alpha

of p<0. 05 was considered significant.

3.4 Results

Participant Characteristics

There were no significant differences with regard to participant characteristics
(age, height, weight, body percent fat) between the untrained and trained participants
(Table 3. 1). Participants in the trained group exercised 5 times per week (range 4-7
days/week). These participants were involved in a variety of different endurance sports
and training, including synchronized swimming, compe.t.itive and recreational cycling,

recreational and cross-country running, and triathlon.
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Different pharmaceutical contraceptives were taken by the participants. In the
untrained group, 5 participants were taking Ortho Tri-Cyclen, 3 were taking Tri-phasil, 2
were taking Ortho-Cyclen, 3 taking Allesse, and 1 was taking Diane. In the trained group,
2 were taking Tri-phasil, 3 were taking Allesse, 2 were taking Ortho Tri-Cyclen, and 1
participant each was taking Marvelon, Lo Estrin, or Diane. One individual was using
Ortho-Evra, a dermal pharmaceutical contraceptive patch. Refer to Appendix C for
composition of these pharmaceutical contraceptives.

Two of the participants in the trained group were unable to complete both 60-
minute exercise conditions during days 1-7 of the same OC cycle. Therefore, they were
tested approximately one month later, during days 1-7 of their following OC cycle.

Performance Measurements

There were significant differences between the groups with regard to all
performance measures (Table 3. 1). The trained group had a significantly higher VO,myax
power output (PO) at VO, test, PO at VT, percentage of V0,nax at VT, and VO, at VT.

Blood Measures

Hemoglobin and Hematocrit

There was a statistically significant main effect of time for hemoglobin (Hb),
resulting in a significant increase from T0 to T60 between UT and TE1 exercise
conditions (Table 3. 2). However, Hb concentrations at T180 returned to baseline and
were significantly lower than T60 for all exercise conditions (Table 3. 2). There was a
significant interaction effect between the TE1 and TE2 exercise conditions. Hemoglobin

concentration was significantly elevated from TO to T60, and significantly decreased
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from T60 to T180, returning to baseline with TE2, but not with the lower intensity
exercise condition (TE1).

There was a significant time main effect for hematocrit (Hct) indicating that T180
had decreased significantly from T60, returning to or just below baseline values for all 3
exercise conditions. A significant increase between TO to T60 occurred for both the UT

and TE1 exercise conditions (Table 3. 2).

White Blood Cells

There was a significant main effect of time that showed circulating white blood
cell (WBC) concentrations increased from TO to T60 and again from T60 to T180 for all
3 exercise conditions (Table 3. 3). There was also a significant main effect for exercise
condition between the UT and TE1 comparison, which indicated that WBC
concentrations were significantly lower for the TE1 compared to UT exercise condition.

A significant main effect for time occurred with circulating neutrophil
concentrations exhibiting an elevation from TO to T60, and again after 2 hours (T180)
with all 3 exercise conditions. A significant main effect of exercise condition occurred
between UT and TE1, indicating that TE1 had a significantly lower neutrophil
concentration compared to the UT group (Table 3. 3).

There was a significant main effect of time for circulating lymphocyte
concentrations. These cells increased post exercise from rest and returned to baeline
levels after two hours (T180) of recovery (Table 3. 3).

There was a significant main effect of time where circulating monocyte

concentration increased at rest and remained elevated at T60 and T180 (Table 3. 3).
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Eosinophils and Basophils

There was a significant main effect of time for circulating eosinophil
concentrations indicating a decrease just below baseline from T60 to T180 after both the
UT and TE2 exercise conditions (Table 3. 4).

There was a main effect of time where circulating basophil concentrations
increased significantly from TO to T60, and remained significantly elevated from rest at
T180 for both the UT and TE2 and the TE1 and TE2 comparisons. There was a
significant interaction effect that revealed a significant elevation in basophils from T0 to

T60 with the TE2 exercise condition, but not in the TE1 exercise condition (Table 3. 4).

Percentage of Lymphocyte Subsets- Immunofluorescence

The percentage of circulating CRTH,+CD4+ (Th2) cells was not normally
distributed, and therefore it was converted to logarithm before statistical analysis. There
were no significant changes in the relative percentage of circulating CD3+ (T) cells,
CD3+CD8+ (Tc/s) cells, CRTH,+CD8+ (Tc/s2) in any of the exercise conditions (Table
3. 5). However, the proportion of CD3+CD4+ cells was affected by group.

There was a significant main effect of exercise condition indicating that TE2 had
a higher percentage of CD3+CD4+ (Th) cells than UT across all time points. There was a
significant main effect of time indicating that the percentage of circulating CD3+CD4+
cells significantly increased from T60 to T180 for both the TE1 and TE2 exercise
conditions (Table 3. 5).

The percentages of CD3-CD56+CD16+ (NK) circulating cells were not normally
distributed, and so they were converted to logarithm before statistical analysis. There was
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a main effect of time that showed that the proportion of circulating CD3-CD56+CD16+
cells was significantly decreased just below base line values from T60 to T180 in the UT
and TE2 exercise conditions (Table 3. 5).

There was a significant main effect of time for the percentage of circulating
CD20+CD19+ (B) cells resulting in an elevation just above baseline values from T60 to
T180 (Table 3. 5).

There was a significant main effect of time for the percentage of total circulating
CRTH; cells, exhibiting an elevation, close to baseline values, from T60 to T180 for both

the UT and TE1 and the TE1 and TE2 exercise conditions (Table 3. 6).

Absolute Cell Numbers of Lymphocyte Subsets

To calculate the absolute cell number/concentration for lymphocyte subsets, the
percentage of gated cells was multiplied by the lymphocyte concentration. Circulating
cell numbers for CD3+, CD3+CD4+, CD3+CD8+, Total CRTH,, CRTH,+CD4+,
CRTH,+CD8+, CD3-CD16+CD56+ and CD20+CD19+ were calculated. There were no
significant differences with the cell concentration with CD3+CD4+, CD3+CD8+ and
with CD20+CD19+ cells.

A main effect of time was found for circulating CD3+ cells numbers, illustrating a
significant increase from rest to T60 with both the UT and TE1, and the TE1 and TE2
exercise conditions. Cell numbers also decreased significantly from T60 to T180 for the

TE1 and TE2 comparison (Table 3. 7).
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There was a main effect of time for CD3-CD16+CD56+ resulting in a significant
decrease of circulating cell numbers from T60 to T180 for both the UT and TE1 and with
UT and TE2 exercise conditions (Table 3. 7).

There was a significant interaction effect for CRTH; resulting in an elevation of
these circulating cell numbers from T0 to T60 in the UT exercise condition, but not in
TE1. There was a significant main effect of exercise condition showing that TE2 had a
significantly lower number of CRTHj cells than UT. There was also a main effect of time
where cell numbers significantly increased from rest to T60 for both the UT and TE2
exercise comparisons (Table 3. 8).

There was a significant interaction in CRTH,;+CD4+ circulating cell numbers
with the UT and TE1 exercise conditions; however, there were no further significant
findings when analyzed with the Tukey multiple comparison procedure. There was a
significant main effect of exercise conditions where TE2 had lower circulating cell
numbers than the UT exercise condition (Table 3. 8).

There was a main effect of time for CRTH2+CD8+ cell numbers indicating a
significant decrease back to baseline values from T60 to T180 with both the UT and TE1
exercise comparisons. There was an additional main effect of time for these cells
resulting in a significant elevation from rest to T60 with the UT and TE2 exercise

conditions (Table 3. 8).
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Percentage T Cell Subsets expressing the IL-2 a Receptor (CD25 Activation

Marker)

There was a main effect of time whereby the percentage of circulating
CD25+CD3+ cells had significantly elevated from rest to T180 in the UT and TE1
exercise conditions. There was also a significant main effect of time when comparing the
UT and TE2 exercise conditions; however, there were no further significant differences
observed after analysis with the Tukey multiple comparisons procedure (Table 3. 9).

There was a main effect of time with the percentage of circulating CD25+CD4+
cells resulting in a significant increase at T180 from both TO and T60 with both the UT
and TE1 exercise conditions. These cells also significantly increased from T60 in
comparison of the UT and TE2 exercise conditions (Table 3. 9). There was also a main
effect of exercise condition, where TE2 had a significantly lower percentage of
circulating cells than TEI.

There was a main effect of time for the percentage of circulating CRTH,+CD25+
cells, indicating a significant increase above resting values from T60 to T180 with the UT
and TE1 and the UT and TE2 exercise conditions (Table 3. 9). There was also a main
effect of exercise condition, where TE2 had a significantly lower percentage of
CRTH,+CD25+ cells than TE1. There was no significant difference between exercise

conditions at any of the specific time points.

Proportion of Th2 cells to Total CD4+ population.
There was a significant decrease from T60 following recovery in TE1 when

compared to UT (Figure 3. 10). There was also a significant interaction effect between
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TE2 and UT, however analysis with the Tukey multiple comparison procedure did not

reveal any further significant findings.

Cytokines: PHA Stimulated Cytokine Production

There were no significant differences observed with any of the cytokine
concentrations between the UT and TE1 exercise condition. There were no significant
differences found with Interleukin (IL)-6 with any of the exercise comparisons (Table 3.
11 and Figure 3. 3). IL-4 concentrations were below the detection limit of the ELISA kit
and therefore were not reported.

A significant interaction effect was found with the IL-2 logarithm conversions
between the UT and TE2 exercise conditions (Table 3. 11 and Figure 3. 1). However, the
Tukey multiple comparison procedure revealed no further significant differences.

A significant main effect of exercise condition was found indicating that the TE2
had significantly higher IL-10 concentration than TE1 (Table 3. 11 and Figure 3. 4).
There were no significant differences with IL-10 concentration between any of the time
points.

There was a significant main effect of time, where IFN-y concentrations were
significantly elevated at T180 from resting levels when comparing the TE1 and TE2

exercise conditions (Table 3. 11 and Figure 3. 2).

Cytokines: Plasma Concentrations
Plasma IL-6 concentrations were below the detection limit of the assay and

therefore were not reported. IL-12 concentrations were below the detection limit of the
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assay for some of the samples; as a result, half of the lowest detection limit was inserted
for statistical analysis. IL-12 concentrations were not normally distributed, and the
concentrations were converted to logarithm before analysis. There was a significant main
effect of time, where the IL-12 was significantly elevated at T180 from rest and T60.
This was found for the comparison of the UT and TE2 and the TE1 and TE2 exercise
conditions. A significant interaction effect was found with the IL-12 concentrations
between the UT and TE2 exercise condition (Table 3. 12 and Figure 3. 5). However, the

Tukey multiple comparison procedure revealed no further significant differences.

Cytokines: Unstimulated

Random samples of unstimulated lymphocytes were selected and also analyzed
for IL-2, IL-4, IL-6, IL-10 and IFN-y. All cytokine concentrations were close to or below
the detection limit of the ELISA kits, except for IL-6. Only 11 samples were selected
across all exercise conditions. Therefore, the three exercise conditions were combined for
statistical analysis. There were significant increases in [L-6 concentration post exercise
(T60) and significantly decreases below baseline values from T60 to T180 (Table 3. 13).

Stress Markers

Neutrophil: Lymphocyte Ratio

There was a significant increase in the ratio of neutrophils to lymphocytes at T180

compared to both rest and T60 in all exercise conditions, but this did not differ between

groups (Figure 3. 6).
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Cortisol

There was a significant main effect of time for plasma cortisol concentrations
indicating a significant decrease below resting values from T60 to T180, with the UT and
TE2 exercise conditions. There was a significant main effect of exercise conditions,
where TE?2 had significantly higher plasma cortisol concentrations than TE1. A
significant interaction effect was also found indicating that TE2 plasma cortisol
concentrations were significantly elevated at T60 from resting values and had
significantly decreased close to resting levels at T180. Finally, TE2 was significantly

higher than TE1 at T60 (Table 3. 14).

CD4:CDS8 Ratio
There was no significant difference between the exercise conditions or over time

with the ratio of CD3+CD4+ to CD3+CD8+ cells (Table 3. 15).

3.5 Discussion

This study was designed to examine the immune response following 3 different
exercise conditions in healthy women. The purpose of this investigation was two fold: to
examine the Thl and Th2 immune response following endurance exercise in women, and
to compare this immune response between exercise conditions that differed in exercise
intensities. It was hypothesized that all three exercise conditions would elicit a Th2
immune response whereby Th2 cell numbers would increase and there would be an
elevation gf Th2 cytokine production and a decrease in Th1 cytokine production. It was
also hypothesized that there would be a difference with this immune response between

trained and untrained women.
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The findings of this study showed changes with circulating immune cells
following all three exercise conditions. The majority, but not all, of the results are
consistent with previous findings (Mackinnoon, 1999; Nieman, 1997; Pedersen and
Hoffman-Goetz; 2000). The inconsistenties were likely due to the duration and intensity
chosen in this study (Nieman, 1997; Pedersen and Hoffman- Goetz, 2000). The results of
this study did not completely support the hypothesis with regard to changes related to
Thl and Th2 immunity. Following the exercise in the untrained women, Th2 immunity
appeared to be favoured, as indicated by the decrease in stimulated IL-2 production, and
an elevation with Th2 cells. This was not the case, however, in the same (TE1) or higher
(TE2) exercise intensities in the trained women, where Th2 cells numbers decreased, and
Thl cytokines were elevated. These results indicate that there was a stronger Thl
immune response observed in the trained women, and a stronger Th2 immune response

observed in the untrained women following endurance exercise.

General Immune Changes Following Endurance Exercise in Healthy Untrained

and Aerobically Trained Women

The results of this study demonstrated a leukocytosis response to exercise,
indicated by an elevated concentration of circulating WBC (neutrophils, and
lymphocytes) immediately after exercise and following recovery. This is consistent with
previous reports (Mackinnon, 1999; Nieman et al., 1995, 1997; Shinkai et al., 1996). It
has been suggested that the increase in WBC concentrations is a result of the recruitment
and trafficking of immune cells by catecholamines, cytokines, chemokins, and alterations

with adhesion molecules (Mackinnon 1999; Shephard, 2003; Woods et al., 1998). Since
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endurance exercise alters the production of catecholamines, chemokines, cytokines and
adhesion molecules, this leads to the redistribution of immune cells (Mackinnon, 1999;
Nieman et al., 1997; Pedersen & Hoffman-Goetz, 2000). These results indicate that the
exercise conditions used in this study were effective in altering the distribution and
trafficking of circulating immune cells.

The elevation of neutrophil concentration was similar following the exercise in
the untrained women (UT) and the trained women at the higher intensity (TE2) but was
lower following exercise in the trained women at the same intensity (TE1). Therefore, it
appears that aerobically trained women must work at a higher intensity of exercise in
order to elicit a similar elevation of neutrophil concentration in comparison to untrained
women. Although this difference is not a consistent finding in all cross-sectional studies,
similar results have been reported by researchers (Eliakim et al., 1997; Oshida et al.,
1988). Suzuki et al. (1999) reported that untrained males showed a decrease in neutrophil
dynamics following 90 minutes of endurance exercise at 90 watts after 3 consecutive
workouts on separate days. It was suggested that the increase in neutrophil concentrations
following an exercise bout after repeated exercise is attenuated. Since in the present study
there was a difference between trained and untrained neutrophil concentrations following
60 minutes of exercise at the same intensity, it can be suggested that aerobic training may
lead to attenuation with neutrophil redistribution following acute endurance exercise.

The lymphocyte changes showed a typical biphasic response following all 3
exercise conditions (Mackinnoon, 1999). After 2 hours of recovery, however, the
lymphocyte cell concentrations did not significantly decrease below resting values. This

finding is inconsistent with the literature (Mackinnon, 1999; 2000; Nieman et al., 1995,
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1997, Pedersen & Hoffman-Goetz, 2000; Tvede et al., 1993). Previous studies have
examined lymphocyte changes following marathon races, exercise bouts of high
intensity, and exercise bouts lasting 2 hours or longer. The duration of the exercise
conditions in this study was 60 minutes at a moderate intensity (Nehlsen-Cannarella,
1998); and may not have been strenuous enough to elicit a compromise in circulating
lymphocyte numbers, compared to other research using longer and more intense exercise
bouts (Nieman et al., 1999).

Further analysis of the lymphocyte response revealed no changes with B
(CD19+CD20+) cell concentrations following any of the exercise conditions. This result
is also consistent with previous findings, which reported little to no change with B cells
following moderate endurance exercise (Mackinnon, 1999; Nieman et al., 1994, 1999;
Shek et al., 1995). Thus, it appears that the acute endurance exercise used in this study
does not influence the redistribution and trafficking of B cells, which play a pivotal role
in humoral immunity and immunoglobulin production.

There was an increase with circulating NK (CD3-CD16+CD56+) cells
immediately following the exercise in the untrained women and with the trained women’s
higher intensity exercise condition. This is consistent with previous research (Mackinnon,
1999; Moyna et al., 1996; Pedersen & Hoffman-Goetz, 2000; Nieman et al., 1994; Wood
et al., 1998). However, this increase in NK cells was not observed in the trained women
at the lower exercise intensity, suggesting that the NK cell distribution may be dependent
on the intensity of the exercise and an individual’s fitness level (Mackinnon, 1999).

T cell concentrations significantly increased after 60 minutes in both the untrained

and trained women, regardless of exercise condition. Despite these changes, Th
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(CD3+CD4+) and Tc/s (CD3+CD8+) cell concentrations did not significantly change
following the endurance exercise. This is contrary to some previous research (Nieman et
al., 1995; Pedersen and Hoffman-Géetz, 2000; Shek et al., 1995; Shinkai et al., 1996;
Steensberg et al., 2001). Previous research has reported an elevation of Th and Tc/s cell
concentrations immediately post exercise, followed by a decrease in concentrations
reaching levels below resting values. In support of this study, however, Nieman et al.
(1994) found no changes with Th and Tc/s cell numbers after 45 minutes of exercise bout
at 50% of V0,max in men, but did find significant changes at 80% of V0amax- In another
study, Nieman et al. (1999) also found no changes with Th and Tc/s cells following 2.5
hrs of rowing at approximately 57% of VOnax in female rowers. The untrained
participants in this study exercised at approximately 55% of VO;nax While the trained
exercised at 44% of VO,ax In their first exercise condition and at 65% of V0,4« in the
second exercise condition. It may be that the intensities used in this study were not high
enough to elicit significant changes in the Th and Tc/s cells. Thus it may be concluded
that 60 minutes of moderate endurance exercise did not affect the recruitment of
lymphocytes, specifically Th and Tc/s cells, to the circulation.

Interestingly, there were changes with activated T (CD3+CD25+) and Th
(CD4+CD25+) cells following all three exercise conditions. These changes indicated that
the acute endurance exercise used in this study was able to alter the distribution and
trafficking of these particular cells. Since activated Th cells produce many of the Thl and
Th2 cytokines, an increase in activated Th cells following the endurance exercise may
influence the Thl and Th2 responses. Previous research has shown that activated T cells

and Th cells both increase (Rhind et al., 1996) and decrease (Sellar et al., 2003; Shore et
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al., 1999) following endurance exercise. More research is needed to examine the
physiological implications of changes that occur with this marker in the post exercise
condition.

Physiological Stress of Exercise

The changes that occur in the concentration of the particular immune cells
observed following exercise have been used to indicate the level of physiological stress
placed on the immune system. For example, the neutrophil to lymphocyte ratio
(NE:LYM) has previously used as one such indictor. Nieman et al. (1995) found a
positive correlation between cortisol levels and the NE:LYM ratio following 2.5 hours of
running in endurance trained males. However, in this study there was also no correlation
found between NE:LYM ratio to cortisol (r =-0.057). This ratio increased after exercise
and during recovery. In this study, the NE:LYM ratio increased after two hours of
recovery, compared to rest, and immediately post in all 3 exercise conditions. This seems
to be a typical response due to the elevation of neutrophil concentrations and the decrease
of lymphocyte concentrations following exercise (Nieman et al., 1995, 1999; Sellar et al.,
2003). Another common indicator of exercise induced immune stress is the ratio of Th
cells and Tc/s cells (CD4:CD8). Typically there is an increase with both CD3+CD4+ and
CD3+CD8+ cells following endurance exercise (Mackinnoon, 1999; Nieman, 1997,
1999; Pedersen and Hoffman-Goetz; 2000). The increase in CD3+CD8+ cells is usually
greater than in CD3+CD4+ cells, and causes the CD4:CDS8 ratio to decrease following
exercise (Kajiura et al., 1995; Mackinnon, 1999; Moyna et al., 1996; Pedersen &
Hoffman-Goetz, 2000; Shinkai et al., 1996). With regard to this study, the exercise

intensity was likely not great enough to elicit significant changes in Th and Tc/s cells,
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and therefore the ratio did not significantly change. It has been reported that ratios below
1.5, the immune system could be considered impaired and there may be an increase risk
of infection (Fitzgerald, 1991). In the current study, the ratio was below 1.5 only in the
untrained women immediately after exercise, indicating that this population may be
slightly more prone to infection at this time point. However, this was only temporary, and
the ratio increased above 1.5 following the two hours of recovery.

Increases in plasma and serum cortisol concentrations have been reported
immediately following endurance exercise (Consitt et al., 2002; Duclos et al., 2003;
Mackinnon, 2000; Nieman et al., 1995, 2001; Steensberg et al., 2001). The present
findings do not support this, as a significant increase of cortisol was not observed after
exercise, although there was significant decrease following two hours of recovery in the
untrained and in trained women’s second exercise conditions. Studies reporting little or
no significant change in cortisol concentrations have typically examined changes elicited
by moderate endurance exercise (50-70% of VOamax, 90 watts), and exercise extending for
90 minutes or less in duration (Baum et al., 1997; Henson et al., 2000; Mitchell, et al.,
2002; Moyna et al., 1996; Pedersen and Hoffman-Goetz, 2000; Suzuki et al., 1999).
Since the exercise conditions of this study would be considered moderately intense, this
may explain the lack of elevation in plasma cortisol levels post exercise. Other factors
may have contributed to the cortisol values obtained in the study. Anticipation of exercise
has been known to elicit a normal cortisol levels to rise, therefore resting values may
have already been elevated. As well, the exercise tests were conducted in the morning,

were, according to the circadian rhythm cortisol concentrations are at the highest.
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Plasma and serum IL-6 exhibit a consistent increase following endurance
exercise, and these concentrations remain elevated for several hours (Brenner et al., 1999;
Moldoveanu et al., 2001; Nieman et al., 2001; Ostrowski et al., 1999; Rhind et al., 1995;
Suzuki et al., 1999; Weinstock et al., 1997). However, in all 3 exercise conditions in this
study, plasma IL-6 levels were below the detection limit of the assay; therefore, the data
from this study do not agree with other research (Pedersen and Hoffman-Goetz, 2000;
Pedersen, 2000; Rhind et al, 1995; Weinstock et al., 1997). It has been theorized that
skeletal muscle damage due to exercise may stimulate IL-6 production, either from the
tissue directly or from localized monocytes (Ostrowski et al., 1998; Pedersen et al., 2003;
Rincon et al., 1997). Studies examining eccentric exercise have shown far greater
increases in plasma IL-6 concentrations than those with concentric muscle contractions
(Bruunsgaard et al., 1997; Pedersen et al., 2003). It is unlikely that the intensity and mode
of exercise in this current study were sufficient to cause muscle damage to elicit this type
of IL-6 response.

In summary, the level of intensity achieved during exercise in this study is
considered low to moderate compared to that used in other research (Nehlsen-Cannarella,
1998; Nieman et al., 1994). Therefore, it is likely that the level of intensity and the
duration with the 3 exercise conditions may have influenced the Th1l and Th2 immune
responses observed in this study. Previous research has found suppression in Thl
immunity following strenuous endurance exercise (Ibelt et al., 2002; Steensberg et al.,
2001). This level of intensity (1. 5 hours of running at 5% downbhill grade, at 75% of
VOimax; 2. 5 hours of running at 75% of V0nax) may explain the Thl response observed

in the TE1 and TE2 exercise conditions. Interestingly, despite the similar intensity, the
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untrained women exhibited a favored Th2 response. This may indicate that, regardless of
the intensity and physiological stress, the immune system of trained women responded
differently to endurance exercise than that of untrained women.

Thi and Th2 Response Following 60 Minutes of Endurance Exercise in Trained

and Untrained Women

One of the purposes of this investigation was to examine the changes in Thl and
Th2 cell concentrations and their respective Thl and Th2 cytokine production. The
antigen marker CRTH, has been used to determine the proportion of circulating Th2
cells, since it is found on T cells that secrete Th2 cytokines (Cosmi et al., 2000).
Currently there are no known reported studies that have examined the changes with
CRTH; in response to endurance exercise. Due to the lack of a reliable marker for Thl
cells, only the changes of Th2 cells can be reported. This study found that changes with
total CRTH;, Th2 (CRTH; + CD4+) and Tc/s2 (CRTH;+ CD8+) cell concentrations
occurred in all 3 exercise conditions. It is recommended that further research be
performed to verify these findings and to further evaluate the physiological significance
of these changes.

Tht and Th2 changes following endurance exercise with untrained and trained

women at the same absolute exercise intensity

As previously discussed, there was a redistribution of immune cells following 60
minutes of endurance exercise in both untrained and trained women at the lower intensity
of exercise in this study. However, the redistribution of Th2 cells appeared to be different
between these two groups. The concentration of Th2 (CRTH,+CD4+) cells decreased

immediately after exercise in the trained women, while cell concentration was elevated in
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the untrained women following exercise. Circulating Tc/s2 (CRTH;+CD8+) cell numbers
were slightly elevated post exercise and significantly decreased at T180 with both of the
exercise conditions.

The proportion of Th2 cells to the total CD4 population followed a similar
response. Additionally, there were no changes in the concentration of Th or Tc/s cells
following the exercise. Both these findings indicate that the redistribution of Th2 and
Tc/s2 in the circulation was specific to these cells alone, and not due to changes in the
general Th or Tc/s population. According to the results of this study, endurance exercise
at an absolute power output of 90 watts elicited different changes with CRTH, cell
recruitment in trained and untrained women. This alteration in the proportion and
population of these cells in the circulation may have affected the Thl and Th2 response.
A greater number of CRTH,; cells circulating in the blood can indicate a Th2 response,
while a decrease in these cells can indicate that Th2 immunity may be suppressed.

Activated CRTHj cells were elevated during recovery when comparing the
untrained women and the trained women’s lower intensity exercise condition. This
change was likely due to the untrained women’s exercise condition, as no significant
changes were found over time when comparing the trained group’s two different intensity
exercise conditions. This increased percentage of activated CRTHj; cells also suggests
that Th2 immunity may be favored following endurance exercise in untrained women.

Despite the changes with circulating Th2 cell concentration, there were no
significant changes of Thl cytokines (IL-2 and IFN-y) or Th2 cytokines (IL-4, IL-6, IL-
10) following exercise or between the untrained women and trained women’s first

exercise condition. IL-2 has been commonly found to decrease following endurance
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exercise (Fu et al., 2003; Lewicki et al., 1988; Rhind et al., 1996; Tvede et al., 1993).
These inconsistencies may be due to the intensity of the exercise conditions.
Additionally, the individual participants samples of this study had a large degree of
variability that decreased the opportunity to observe a significant difference over time or
between the exercise conditions. Some research has also reported no significant changes
in IFN-y production and stimulation after exercise (Nieman et al., 2001; Suzuki et al.,
1999, 2000; Weinstock et al., 1997). However, previous research examining changes with
IFN-y post exercise is inconsistent. It is also difficult to compare the IFN-y response
because of the different exercise protocols used, and because these studies examined
IFN-y in plasma, serum, and with PHA or LPS stimulated lymphocytes. Previous results
have also been inconsistent with IL-10. Some researchers have reported no changes in IL-
10 either in plasma or in stimulated lymphocytes (Mueller et al., 2000; Gannon et al.,
1997). Others have found IL-10 concentrations to increase following endurance exercise
(Nieman et al., 2001; Ostrowski et al., 1999; Suzuki et al., 2000). According to the results
of this study, endurance exercise of the intensity and duration used does not affect IL-10
production in trained and untrained women.

IL-6 was produced by PHA stimulated lymphocytes, a finding that has not
received much attention in the exercise immunology literature. There were no significant
changes in IL-6 either between trained and untrained women in the 3 exercise conditions
or over time. It may be concluded that stimulated lymphocyte production of IL-6 was not
affected by moderate endurance exercise. Interestingly, there was an increase in IL-6 in
the unstimulated condition, after 60 minutes of exercise that returned to resting levels

after 2 hours of recovery. This cytokine is produced by Th2 cell but originates primarily
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from monocytes (Morel & Oriss, 1998; Rincon et al, 1997). IL-6 can stimulate Th2 cell
differentiation and proliferation (Rhind et al., 1995; Rincon et al., 1997; Steensberg et al.,
2003) and is considered to be an anti-inflammatory cytokine (Duclos et al., 2003; Morel
& Oriss, 1998; Pedersen et al., 2003). It is possible that endurance exercise may not
influence T cell production of IL-6 (measured with PHA stimulation) but may affect the
production of IL-6 from other cells, such as monocytes.

Finally, the results found IL-4 to be below the detection limit of the assay in all
three exercise conditions. This is consistent with previous research (Moyna et al., 1996;
Mueller et al., 2000; Nieman et al., 2001; Suzuki et al., 2000). Therefore, IL-4 did not
appear to be influenced by endurance exercise in healthy women.

A comparison between the untrained and trained women at the same exercise
intensity exhibited a difference in CRTH; and the related subset (Th2 and Tc/a2)
recruitment to the circulation. This difference indicated that the Th1 and Th2 response
following exercise may depend on an individual’s aerobic fitness level. Endurance
exercise may have promoted a Th2 immune response with untrained women, while the
opposite may have occurred with trained females.

Th1 and Th2 changes following endurance exercise with untrained and trained

women at the same relative exercise intensity

Similar changes were found with CRTH,, Th2, and Tc/s2 cell numbers following
60 minutes of exercise in the untrained women and the higher exercise intensity in the
trained women. Thus, endurance exercise at the same relative intensity (i.e., 20 watts
below VT) was sufficient to elevate CRTH; and Tc/s2 cell numbers and the percentage of

activated CRTHj cells immediately post exercise in both trained and untrained women.
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Additionally, there were no changes over time with Th2 cell numbers. These results
suggest that trained women need to exercise at a higher PO than untrained women to
elicit similar changes with these cells.

Despite the lack of change in Th2 cells following exercise, there was a significant
lower concentration of these cells in the trained women’s second exercise condition when
compared to the untrained women. The reason for this lower concentration may be that
the trained women performed their second higher intensity exercise condition 1-2 days
after their first. Any change with Th1 or Th2 phenotype occurs within the first 48 hours
following stimulation (Morel & Oriss, 1998). The first exercise condition (TE1) appeared
to decrease Th2 cell numbers; this response may have influenced the second exercise
condition, lowering the overall Th2 cell number in the circulation of the trained women.

As seen with the comparison between untrained and trained women at the same
absolute intensity, there were no changes with PHA stimulated IL-6, IL-10 or IFN-y.
However, a significant interaction with IL-2 was found in the untrained and the trained
higher intensity exercise conditions. Further analysis did not reveal any differences
between time points or exercise conditions. However, examining the trends (Figure 3. 1),
it appears IL-2 decreased below resting levels at T60 in the untrained group, while
concentrations were elevated above resting levels in the TE2 exercise condition. This
may indicate that there was a different production of IL-2 at the same relative exercise
intensity in trained women compared to untrained women. However, caution is advised
with this interpretation, since these changes were not statistically significant. It was
hypothesized that IL-2 would decrease following the exercise conditions, as has been

reported shown in the literature (Espersen et al., 1990; Kohut, et al., 2001; Steensberg et
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al., 2001; Suzuki et al., 2000). However, conflicting results exist in the literature. Tevde
et al. (1993) found that the intensity of the endurance exercise does influence PHA
stimulated IL-2 production. These researchers examined sedentary males who cycled at
25%, 50%, and 75% of their VO,max. The higher intensity exercise showed a significant
decrease in IL-2 concentration, while the exercise bout at 50% did not. In addition, Rhind
et al. (1996) reported an attenuated suppression of PHA stimulated IL-2 in response to an
exercise bout following a 12-week training program. According to the literature and the
results of this study, it is possible that aerobic training may lead to increased production
of IL-2 following endurance exercise.

IL-2 can be produced by activated Thl cells and activates and stimulates
proliferation of other Thl cells (Janeway et al., 2001; Kuby et al., 2000; Morel & Oriss,
1998). It also stimulates B cells, NK cells and macrophages. IL-2 is very important for
cellular-mediated immunity, and a chronic decreased level of IL-2 is considered
immunosuppressive (Elenkov & Chrouos, 1999). The results of this study indicate that
Thl immunity and proliferation may be promoted in the trained women. This conclusion
is supported by the elevation of IL-12 in the plasma following the two hours of recovery.
IL-12 is produced by antigen presenting cells (APC), such as macrophages. This increase
with [L-12 may be linked to the increase with circulating monocytes following the
exercise conditions. IL-12 is also important for the generation of Thl cells. It stimulates
ThO cells to differentiate into Th1 cells and leads to proliferation of Thl one cells by
stimulating IL.-2 production (Morel & Oriss, 1998; Rhind et al., 1995). The increase in
IL-12 could also be associated with the increase in IL-2 production and percentage of

activated T cells and Th cells seen in the trained women’s higher intensity exercise
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condition. The results of this study demonstrate the numerous variables that can influence
the Thl and Th2 responses. The nature of the inter-connection between cytokines and
Th1 and Th2 cells requires further research.

To summarize, the results of this study did not reveal changes with CRTH,, Th2
and Tc/s2 cell numbers in trained and untrained women following an endurance exercise
set at a relative intensity determined by the individual’s own fitness level. It also appears
that trained women may have a greater Thl response following endurance exercise, as
evidenced by the increase in IL-2 production. In the untrained women, IL-2 decreased
following exercise, suggesting that Th1 immunity may be suppressed. This suppression
may allow Th2 immunity to be favored. The most profound finding indicating that Th1
immunity may be favored in trained women was the elevation of plasma IL-12, which
promotes Thl differentiation. These results suggest that untrained and trained women
have similar changes in CRTH,, Th2 and Tc¢/s cell numbers, but they may have different
Th1 and Th2 responses.

Th1 and Th2 changes following endurance exercise with trained women at the

different exercise intensities

There were no changes in CRTH;, Th2 and Tc/s2 cell numbers and the percentage
of activated CRTH, cells following exercise in trained women. This lack of change
suggests that intensity of exercise does not have a major impact on the redistribution of
these cells in trained women.

Interestingly, the concentration of PHA stimulated IFN-y significantly increased
following recovery in both of the exercise conditions. [FN-y is a pro-inflammatory

cytokine and is important for the cellular-mediated immune response. Th1 and NK cells
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produce IFN-y. This cytokine stimulates the activation of macrophages and NK cells and
is cross-regulated with Th2 cells, inhibiting their proliferation and production of Th2
cytokines (Morel & Oriss, 1998). The majority of exercise immunology research has
found little or no change in either plasma or lymphocyte stimulated IFN-y production
following endurance exercise (Haahr et al., 1991; Nieman et al., 2001; Moldoveanu et al.,
2001; Suzuki et al., 1999, 2000). Despite these reports, the results from this study appear
to suggest that trained women have greater IFN-y concentrations following endurance
exercise, thus promoting a Th1 response.

The concentration of IL-12 in plasma also increased in both exercise conditions
for the trained women. IL-12 and IFN-y are linked, since IL-12 stimulates Thl and NK
cells to produce IFN- y, while, IFN- y stimulates monocytes to produce IL-12 (Morel &
Oriss et al., 1998; Rhind et al., 1995). This cross-stimulation between these two cytokines
may explain the elevation in both plasma IL-12 and lymphocyte stimulated IFN-y
following exercise. Regardless of intensity, it appears that acute endurance exercise
promotes a Th]l immune response in trained women.

IL-10 concentration did not significantly change over time, although it was
significantly lower in the lower intensity exercise comparison compared to the higher
intensity exercise condition. This suggests that exercise intensity may influence IL-10
production. IL-10 is produced by Th2 cells and is strongly associated with
immunosuppression, inhibiting cellular-mediated and inflammatory responses. It inhibits
the secretion of IFN-y by T cells and NK cells, and reduces the nitric oxide production
and cytotoxicity of macrophages (Kuby et al., 2001; Moldveanu et al., 2001; Morel &

Oriss, 1998). An examination of the trends (Figure 3. 3) indicates that there was a
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decrease in IL-10 production following the lower intensity exercise condition that was
not seen in the higher intensity exercise condition. This decrease in IL-10 production may
be due to the decrease in the percentage of activated CRTHj cells, as well as the increase
in IFN-y seen in the trained participants. While this result could indicate that Th2
immunity may be suppressed following the lower intensity exercise condition, caution is
advised since this is based on a trend only.

It appears that trained women may have a predominant Thl immune response
following endurance exercise. This response may be slightly affected by the intensity of
exercise, where lower intensity exercise may lead to a temporary suppression of Th2
immunity. These findings are contrary to the hypothesis, and further research will be
needed to determine the physiological implications of this conclusion.

Summary

Th2 immunity may be favoured following endurance exercise in untrained
women. Th2 cytokines and circulating CRTH, cells and their subsets were unaffected by
the endurance exercise in untrained women, and there was a decrease IL-2 production by
stimulated lymphocytes post exercise. Following the trained women’s lower intensity
exercise condition, there was a favoured Th1 immune response. This was concluded
based on elevated plasma IL-12 concentrations and the increase in [FN-y production
following the exercise. The production of the Th2 cytokine IL-10 was lower in this
condition compared to the higher intensity exercise condition, suggesting a suppressed
Th2/anti-inflammatory response when challenged. In addition, there was a decrease in
CRTH; cell numbers and their subsets immediately following exercise when compared to

the untrained women. Both the lower CRTH, cell numbers and the reduced IL-10
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production after stimulation suggest a temporary suppression of Th2 immunity in the
circulation, thereby allowing Th1 immunity to become more prominent.

Examination of the trained women’s higher intensity exercise condition shows
that the immune response also favored Thl immunity. Following the exercise bout
plasma IL-12 was elevated, and after stimulation with a T cell mitogen, IL-2 and IFN-y
increased. All of these changes suggest Th1l immunity. There was a decrease in CRTH,
cells and their subsets, again suggesting lower concentration of Th2 cells in the blood.
Despite this, Th2 cytokines after stimulation were not affected by the endurance exercise.
Therefore, the suppression of Th2 immunity may not be as physiological significant in
the trained women’s lower intensity exercise condition.

It can be suggested that higher intensity endurance exercise favours a Th2
immune response in the untrained women. However, Th2 immunity may be suppressed,
however, at the same relative intensity in trained women. This Th2 immune suppression
may even be greater following the same absolute exercise intensity in aerobically trained
women. It has been shown that there is a suppression of Th1 immunity following
strenuous endurance exercise (Ibelt et al., 2002; Smith, 2003; Steensberg et al., 2000).
This suppression has been suggested to be a protective mechanism against inflammation
(Northoff et al., 1998; Morel, Oriss et al., 1998; Pedersen & Hoffman-Goetz, 2000). This
temporary suppression, however, could increase the risk for an URTI (Mackinnon, 1999;
Nieman, 1998; Northoff et al., 1998). According to the findings of the current study,
untrained women may be at greater susceptible to URTI following endurance exercise,
while trained women may be protected, since their Thl immunity under the stimulating

conditions used, does not appear to be suppressed. Perhaps aerobic training leads to an
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adaptation with the immune response whereby Thl immunity is favoured following

endurance exercise.

3.6 Limitations of the Study

One limitation of this study relates to the choices that had to be made to control
for the reproductive cycle. All participants were using pharmaceutical contraceptives
(OC). While all the OC contained estrogen and progesterone supplements, the amount of
each differed between brands (refer to Appendix C). Estrogens and progesterone have
been shown to regulate some aspects of the immune system (Goldsby et al., 2000;
Pehlivanoglu et al., 2001; Vera-Lastra et al., 2002). These different compositions may
have increased the variability of the present results. The exercise challenges were done on
days 1-7 of the OC cycle (representing the follicular phase of the menstrual cycle). Due
to this control, the results of this study can only be claimed to occur during this particular
phase. Changes during the later phase of the menstrual cycle may not differ greatly, but
this cannot be stated with confidence and requires further investigation (Burrows et al.,
2002). In addition, these results cannot be generalized to women who are not using OC.
A future comparative study that examines women both on and off OC may explain any
influence that these supplemental hormones have on the immune system.

The complexity and integration of the immune system makes it difficult to
evaluate fully. Only certain immune and hormonal parameters related to Thl and Th2
immunity were chosen for this study. For reasons of cost and time, only a select few of
the Thl and Th2 cytokines were examined. Further analysis with other Th1 and Th2
cytokines, such as TNF-q, -,IL-5 and IL-13 might have provided better support and

understanding of the immune response that occurred post exercise. Analysis of the
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antigen marker CRTH, has not been reported in exercise immunology literature;
therefore this study’s findings cannot be compared to previous research. Laboratory
techniques and procedures for acquiring and analyzing these cells were novel. Further
research is needed to validate these findings and laboratory techniques. At this time there
is not a reliable marker for Th1 cells. Thus only Th2 cell concentration could be
analyzed, and any change related to Thl cells remains unknown.

Unlike animal studies, where immune parameters can be measured elsewhere
such as in the spleen, lymph nodes and muscles, studies examining humans are usually
limited to blood. Circulating lymphocytes only represent approximately 2% of the total
lymphocyte population in the body (Nehlsen-Cannarella, 1998). Different immune
responses to endurance exercise may be occurring elsewhere in the body, such as in the
muscles and lymph nodes. Thus lymphocytes in the circulation may not adequately
reflect the rest of the immune system. These results can only be claimed to have occurred
in the circulation; changes elsewhere in the body are only speculated. As well, cytokine
production was measured in controlled conditions, and stimulated with a T cell mitogen
that favours Th1 immunity. Therefore, there is limitations with using invirto assessment
of cytokine production.

Finally, the means and standard deviations of some the PHA stimulate cytokines
may not fully represent the changes resulting from endurance exercise. For example,
lymphocyte stimulated IL-6 production did not change over the three time points in all
three exercise conditions. However, examination of the individual IL-6 concentrations

following exercise (Figure E. 4) indicates that IL.-6 may have changed in response to
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endurance exercise. These changes were not found to be significant due to the large

variability and different levels of concentrations between samples.

3.7 Conclusion

The results from this study indicated that several immune changes occurred in
both aerobically trained and untrained women following an hour of cycling exercise.
Since the trained participants completed two different exercise bouts, one at the mean PO
of the untrained group (90 watts) and the second at 20 watts below their own individual
ventilatory threshold, the immune responses between untrained and trained women could
be compared in greater depth.

There were some atypical findings following the exercise conditions. Usually Th
and Tc/s cells decrease following exercise (Mackinnon, 1999), but this decrease was not
significant in any of the exercise conditions. Consequently, the CD4:CDS8 ratio did not
significantly change. Cortisol levels also did not increase significantly following the
exercise bouts; this was perhaps due to the influence of the circadian rhythm, as well as,
the intensity and duration of the exercise conditions. Another atypical finding in this
investigation was the low concentration of plasma IL.-6. Typically plasma IL-6
concentrations are elevated above resting levels following exercise (Moldoveanu et al.,
2001; Pedersen & Hoffman-Goetz, 2000). The lack of change in all these measures
indicates that the intensity of the exercise challenge was inadequate to stimulate such
changes. Despite this, typical changes occurred with the differential WBC counts. A
decrease in T cells and NK cells occurred, which is commonly reported in the literature

(Mackinnon, 1999; Pedersen & Hoffman-Goetz, 2000). In addition, the percentage of
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activated T cells, Th and Tc/s cells increased following the exercise, which has
previously been found (Rhind et al., 1996).

Trained women had a more pronounced Thl response following 60 minutes of
endurance exercise. There was also a decrease in circulating Th2 cell numbers
immediately following both exercise conditions. Furthermore, there was a lower IL-10
production after stimulation with the TE1 exercise condition. Both findings suggested
Th2 immunity suppression. This suppression was contrary to the hypothesis of this study
and to the literature that has examined these immune measures. The untrained women,
however, did show a dominant Th2 response following their exercise condition. As a
result, the immune system in healthy women responds to moderate endurance exercise
ciifferently depending on the individual fitness level.

Further research, examining similar immune measures in women, is needed
establish consistent findings. In addition, investigation is needed concerning any gender
differences in this immune response. The influences of OC and the menstrual cycle need
to be taken into account, as the role they play with the immune response to exercise has
not yet been fully established. Exercise immunology is still a relatively new area.
Consistent findings with these aspects of the immune system need to be established

before physiological relevance can be claimed.
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Table 3.1. Subject Characteristics and Exercise Performance Measurements.

Characteristics
Weight Height Body fat (%)
Age (years) (kg) (cm)
UT mean 26 63.3 163.7 24
+S.D 4 12.7 5.2 7
T mean 24 61.5 166. 8 19
+8.D 3 6.6 5.3 6
Performance
V0,max Max PO PO at VT % of max at V0,at VT
(ml/kg/min) (watts) (watts) VT (ml/kg/min)
UT  mean 31.9 163. 2 101.9 65.9 21.5
+S.D 4.1 27.1 23.3 6.3 3.9
T mean 49.4° 254.6° 175.9° 71.4° 35.0°
+S.D 3.6 41.5 28.9 1.77 3.78

UT= untrained group

T= trained group

PO= power output

VT= ventilatory threshold

a= significantly different from untrained group, p <0. 0S.

Table 3.2. Changes with Hemoglobin Concentration and Changes with Hematocrit in
Response to 60 minutes of Endurance Exercise.

TO T60® T180°
Hemoglobin UT mean 134. 4 137. 4 134.5
(gL™h +S.D 6.7 8.1 7.6
TE1 mean 134.5 136. 1 132.7
+S.D 10.9 11.9 1.7
TE2 mean 132.5 138. 1¢ 131. 7°
+S.D 11.8 12.2 10.5
TO T60* T180°
Hematocrit UT mean 0.41 0.42 0. 41
@“Lh +S.D 0.02 0. 05 0.03
TE1 mean 0. 41 0. 40 0.39
+S.D 0. 06 0.03 0.04
TE2 mean 0.39 0. 41 0. 39
+S.D 0. 04 0. 04 0.03

UT= untrained group exercise condition

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significantly different from TO in groups UT and TEl; time main effect, p <0. 05
b=significantly different from T60 in all groups; time main effect, p <0. 05

d= significantly different from TO; interaction effect, p < 0. 05
e= significantly different from T60; interaction effect, p <0. 05
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Table 3.3. Changes in Circulating White Blood Cell (WBC), Neutrophil, Lymphocyte,
and Monocyte Concentrations in Response to 60 minutes of Endurance Exercise.

TO T60° T180¢
WBC UT mean 6.1 7.9 9.6
10° cells-L™ +S.D 1.2 1.1 2.5
*TE1 mean 5.1 6.3 8.0
+S.D 1.0 0.8 1.8
TE2 mean 4.7 7.2 8.8
+S.D 1.0 1.9 1.8

TO T60" T180°
Neutrophils UT mean 3.4 4.5 6.7
10° cells-L™! +S.D 1.0 0.9 2.2
*TE1 mean 2.7 3.5 5. 4
+S.D 0.7 0.5 1.5
TE2 mean 2.5 4.3° 6.2'
+S.D 0.7 1.3 1.4

TO T60° T180¢
Lymphocytes UT mean 1.9 2.5 2.1
10° celis L +S.D 0.5 0.6 0.7
TE1 mean 1.7 2.1 1.9
+S.D 0.5 0.6 0.5
TE2 mean 1.7 2.1 1.8
+S.D 0.4 0.6 0.5

TO T60° T180°"
Monocytes UT mean 0.4 0.5 0.5
10° cells'L™ +S.D 0.1 0.1 0.1
TEI mean 0.3 0.4 0.4
+8S.D 0.1 0.1 0.1
TE?2 mean 0.3 0.4 0.4
+S.D 0.1 0.1 0.1

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a = significantly different from UT at all time points; group main effect, p <0. 05
b= significantly different from TO in all groups; time main effect, p <0. 05
c=significantly different from TO and T60 in all groups; time main effect, p <0. 05
d= T180 significantly different from T60 in ali groups; time main effect, p <0. 05
e= significantly different from TO; interaction effect, p <0. 05

f= significantly different from TO and T60; interaction effect, p <0. 05
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Table 3.4. Changes in Circulating Eosinophils and Basophils Concentrations in Response
to 60 minutes of Endurance Exercise.

TO T60 T180°
Eosinophils UT mean 0.25 0.27 0. 21
10° cells-L™! +S.D 0. 09 0.10 0.08
TE1 mean 0.25 0.27 0.24
+S.D 0. 21 0. 20 0.13
TE2 mean 0.22 0.26 0. 21
+S.D 0.20 0. 21 0.14

TO T60*c T180*
Basophils UT mean 0.09 0.12 0.12
10° cells'L™ +S.D 0.05 0.05 0.07
TE1 mean 0. 13 0.14 0.15
+S.D 0. 06 0. 06 0. 06
TE2 mean 0. 06 0. 13¢ 0.13
+S.D 0. 03 0. 08 0.06

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significantly different from TO in groups UT vs. TE2; time main effect, p < 0. 05
b=significantly different from T60 in groups UT vs. TE2; time main effect, p <0. 05

c= significantly different from TO in groups TE1 vs. TE2; time main effect, p <0. 05
d= significantly different from TO; interaction effect, p <0. 05
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Table 3.5. Percentage of Gated Lymphocyte Subsets in Response to 60 minutes of

Endurance Exercise.

TO T60 T180
Total CD3+ UT mean 80 74 74
(T cells) +S.D 10 9 23
TE1 mean 76 74 73
+S.D 11 15 25
TE2 mean 77 75 80
+8.D 7 10 5
TO T60 T180°
CD3+/CD4+ UT mean 26 23 22
(Th cells) +S.D 26 23 25
TE1 mean 43 37 41
+S.D 20 18 23
*TE2 mean 41 36 43
+S.D 18 17 21
TO T60 T180
CD3+/CD8+ UT mean 21 19 27
(Tc/s cells) +S.D 14 12 17
TE1 mean 20 20 20
+S.D 8 1 11
TE2 mean 27 21 23
+S.D 14 9 6
TO T60 T180°
CD3-/CD16+/CD56+ UT mean 4 4 3
(NK cells)” +S.D 4 3 4
TE1 mean 4 3 3
+8.D 3 3 3
TE1 mean 3 4 3
+S.D 4 4 2
TO T60 T180°
CD20+/CD19+ UT mean 9 8 10
(B cells) +S.D 6 3 6
TE1 mean 11 7 11
+S.D 6 4 6
TE2 mean 10 8 11
+8S8.D 4 4 4
UT= untrained group exercise condition.
TE1= trained group exercise condition matched in intensity to UT.
TE2=trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.
T60= sample immediately post the 60-minutes of exercise.
T180= sample two hours post exercise.
* = converted to logarithms before statistical analysis.
a= significantly different than UT; group main effect, p < 0. 05
b= significantly different from T60 in groups TE1 vs. TE2; time main effect, p <0. 05
c= significantly different from T60 in UT vs TE2; time main effect, P <0. 05
d=significantly different from T60 in all groups; time main effect, p <0. 05
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Table 3.6. Percentage of Gated CRTH2 Cells and Subsets in Response to 60 minutes of
Endurance Exercise.

TO T60 T180*
Total CRTH, UT mean 22 24 27
+S.D 18 18 18
TEI mean 22 15° 21
+S.D 13 9 14
TE2 mean 15 12 14
+S.D 9 8 9
TO T60 T180
CRTH,+CD4+ UT mean 9 10 10
(Th2 celis) " +S.D 12 10 12
TE1 mean 10 5 9
+S.D 9 7 13
TE2 mean 4 3 4
+S8.D 4 2 4
TO T60 T180
CRTH,+/CD8+ UT mean 4 5 4
(Tc/s2 cells) +S.D 4 5 4
TE1 mean 5 4 3
+S8.D 4 4 2
TE2 mean 3 3 2
+S.D 2 4 2

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

* = converted to fogarithms before statistical analysis.

a= significantly different from T60 in groups UT vs. TEl and TEI vs. TE2; time main effect, p <0. 05
b= significantly different from TO; interaction effect, p <0. 05
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Table 3.7. Absolute Cell Numbers of Lymphocyte Subsets in Response to 60 minutes of
Endurance Exercise.

TO T60® T180°

Total CD3+ UT mean 1.45 1.73 1. 53
(T cells) +S.D 0. 34 0. 46 0.79
10° cells'L™ TE1 mean 1. 31 1.49 1.32
+S.D 0. 47 0. 51 0. 54

TE2 mean 1.29 1.59 1. 39

+S.D 0. 29 0.53 0. 39

TO T60 T180

CD3+/CD4+ UT mean 0.44 0. 51 0. 42
(Th cells) +S.D 0.45 0. 49 0. 45
10° cells-L™! TE1 mean 0. 71 0.74 0.73
+S.D 0.32 0. 45 0.46

TE2 mean 0.64 0.71 0. 67

+S.D 0.32 0. 42 0. 38

TO T60 T180

CD3+/CD8+ UT mean 0. 38 0.45 0.53
(Tc/s cells) +S.D 0.26 0.3 0.41
10° cells'L™! TE1 mean 0.34 0. 42 0.37
+S.D 0.17 0. 29 0. 21

TE2 mean 0. 47 0.46 0.40

+S.D 0. 33 0. 29 0.18

TO T60° T180¢

CD3-/CD16+/CD56+ UT mean 0.06 0.1 0. 06
(N§< cells’ ‘l X S.D 0.07 0.08 0.08
10" cells T TiEsl oo 0.05 0.06 0.03
0. 04 0. 05 0.02

°TE2 mean 0.06 0.09 0. 05

+S.D 0.10 0.10 0. 04

TO T60 T180

CD20+/CD19+ UT mean 0.16 0.19 0.19
(B cells) +S.D 0.09 0. 09 0. 12
10° cells'L! TE1 mean 0.19 0.16 0.2
+S.D 0. 12 0.12 0.14
TE2 mean 0.18 0.19 0.2

+S.D 0. 08 0. 11 0. 09

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher refative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

* = converted to logarithms before statistical analysis.

a= significantly different from TO with UT vs. TE2; main effect for time, p < 0. 05

b= significantly different from TO with TE1 vs. TE2; main effect for time, p < 0. 05

c= significantly different from T60 with TE1 vs. TE2; main effect for time, p <0. 05
d=significantly different from T60 with UT vs. TEl and UT vs. TE2; main effect for time, p <0. 05
e= significant main effect for time with TE1 vs. TE2, p <0. 05
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Table 3.8. Absolute Cell Numbers of CRTH2 and Subsets in Response to 60 minutes of
Endurance Exercise.

T0 T60¢ T180

Total CRTH; UT mean 0. 40 0.57°% 0.52
10° cells- L™ +S.D 0.29 0. 40 0.29
TE1 mean 0. 40 0. 31 0. 39

+S.D 0.25 0. 20 0.23

“TE2 mean 0.25 0.27 0.24

+S.D 0.15 0.2 0.17

TO T60 T180

CRTH,+/CD4+ "UT mean 0. 16 0.23 0.18
(Th2 cells) +S.D 0.2 0. 21 0. 19
10° cells-L! ®TE1 mean 0.18 0.10 0.15
+S.D 0. 14 0.12 0. 21

*TE2 mean 0.07 0.06 0.07

+S.D 0.05 0. 05 0. 05
TO T601 T180°

CRTH,+/CD8+ UT mean 0.07 0.12 0.07
(Tc/s2 cells) +S.D 0.08 0.13 0. 07
10 cells'L™! TE1 mean 0.08 0.08 0. 04
+S.D 0. 06 0.07 0.03

TE2 mean 0.04 0. 07 0. 04

+S.D 0.03 0. 1 0. 04

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significantly different than TO; interaction effect with UT vs. TE1, p <0. 05

b= significant interaction effect with UT vs. TEL, p <0. 05

c= significantly different from T60 with UT vs. TE1; main effect for time, p <0. 05
d= significantly different from TO with UT vs. TE2; main effect for time, p <0. 05
e= significantly different from UT; main effect for group, p <0. 05
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Table 3.9. Percentage of Gated T Cell Subsets with and without CD25 Activation/IL-2
Receptor Marker in Response to 60 minutes of Endurance Exercise.

TO T60 T180?
CD25+/CD3+  °UT mean 4 9 7
+S.D 4 5 6
TE1 mean 7 6 9
+S.D 5 4 5
®TE2 mean 6 6 6
+S.D 4 4 4
TO T60 T180¢
CD25+/CD4+ UT mean 9 7 10
+S.D 5 5 7
TE1 mean 7 7 10
+S.D 4 5 6
*TE2 mean 6 6 6
+S8.D 6 4 5
TO T60 T180
CD25+/CD8+ UT mean 1 1 1
+S.D 2 1 1
TE1 mean 1 2 1
+S.D 1 3 1
TE2 mean 1 1 1
+S.D 1 1 1
TO T60 T180°
CRTH2+/CD25+ UT mean 4 3 4
+S.D 3 3 3
TE1 mean 4 3 4
+S.D 3 2 4
8TE2 mean 2 2 3
+S.D 2 1 3

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60=sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significantly different than TO in groups UT vs. TE1; time main effect, p <0. 05

b= significant time main effect in groups UT vs. TE2 p <0. 05

c=significantly different than TO and T60 in groups UT vs. TE1; time main effect UT vs. TE1, p <0. 05
d= significantly different than T60 in groups UT vs. TE2; time main effect, p <0. 05

e= significantly different than TO in groups UT vs. TEl; time main effect, p <0. 05

f= significantly different than T60 in groups UT vs TE1 and UT vs. TE2; time main effect, p <0. 05

g= significantly different from TE1; group main effect, p <0. 05
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Table 3.10. Changes in the proportion of Th2 cells to Total CD4+ cells in Response to 60
minutes of Endurance Exercise.

TO T60 T180
Proportion *UT mean 16 21 19
(nmol-L™" +S.D 18 20 19
TE1 mean 20 18 15°
+S.D 16 25 18
*TE2 mean 27 25 28
+S.D 36 37 37

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significantly different than T60; interaction effect with UT vs. TE1, p <0. 05.
b= significant interaction effect found between UT and TE2 groups, p <0. 5.
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Table 3.11. Changes with Phytohaemagglutinin (PHA) Stimulated Cytokine
Concentrations in Response to 60 minutes of Endurance Exercise.

TO T60 T180"
IFN-y UT mean 1.8 2.6 1.7
ng-ml” +S.D 2.6 3.0 2.2
TE1 mean 1.8 1.9 3.1
+S.D 2.0 1.9 3.2
TE2 mean 1.2 1.8 1.5
+S.D 2.0 2.6 2.4
TO T60 T180
IL-10 UT mean 0.8 0.8 0.7
ng-ml™ +S.D 0.7 0.6 0.7
TE1 mean 0.9 0.3 0.9
+S.D 0.6 0.3 0.5
*TE2 mean 0.9 1.0 1.0
+S.D 0.5 0.5 0.6
TO T60 T180
IL-6 UT mean 3.7 3.4 4.1
ng-ml! +S.D 3.3 2.4 3.5
TE1 mean 3.9 4.1 4.0
+S.D 3.2 2.7 3.5
TE2 mean 2.8 3.9 3.7
+S.D 2.4 2.7 2.0
TO T60 T180
IL-2 “UT mean 249.5 71.9 24.8
pgml*” +S.D 443.0 123.5 31.5
TE1 mean 115. 4 57.2 252. 4
+S.D 231.6 50. 1 297.8
°TE2 mean 69. 1 149. 5 91.9
+S.D 114. 6 203. 1 190. 6
UT= untrained group exercise condition.
TEI= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.
T60= sample immediately post the 60-minutes of exercise.
T180= sample two hours post exercise.
IFN= interferon.
IL= interfeukin
* = converted to logarithms before statistical analysis.
a= significant difference from TE1; group main effect, p <0. 05
b= significantly different from T0 with TE1 vs. TE2; time main effect, p <0. 05
c= significant interaction effect found between UT and TE2 groups, p <0. 05
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Table 3.12. Changes in IL-12 Cytokine Concentrations in Plasma (pg-ml-1 converted to
logarithms) in Response to 60 minutes of Endurance Exercise.

TO T60 T180%

IL-12 UT mean 34. 1 31.9 33.4
pgml*’ +S.D 66. 7 60. 0 56. 8
TE!1 mean 17.9 18.2 34.6

+S.D 15.7 15.3 33.2

TE2 mean 20. 5 23.0 35. 9°

+S.D 18.5 20.9 24.8

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

IL= interleukin.

* = converted to fogarithms before statistical analysis.

a= significant difference from T0 and T60 with groups UT vs. TE2 and with TE2 vs. TE2; time main
effect, p <0. 05

b= significant difference from T0 and T60 with TE2; interaction effect with comparison between UT vs.
TE2, p <0.05

Table 3.13. Changes with Unstimulated IL-6 Cytokine Concentrations in Response to 60
minutes of Endurance Exercise (n=11).

T0 T60 T180
IL-6 mean 994. 2 1407.1 826. 5
ng-ml" *8.D 779.7 931. 7 802. 7
TO= resting sample before exercise.
T60=sample immediately post the 60-minutes of exercise.
T180=sample two hours post exercise.
L= interleukin.
a= significantly different from T60, p <0. 05
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Table 3.14. Changes in Plasma Cortisol Concentrations in Response to 60 minutes of
Endurance Exercise.

TO T60 T180%

Cortisol UT mean 718. 3 773.5 630. 6
(nmol-L™" +S.D 220.9 373.7 293.9
*TE1 mean 718.6 723. 6° 635. 9

+S.D 131. 5 113. 3 141. 0

TE2 mean 728. 6° 881.6 720. 1°

+S.D 92.08 165. 3 199. 5

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significant difference from T60, with UT vs. TE2; time main effect, p <0. 05

b=significant difference from TE2; group main effect, p <0. 05

c= significant difference from T60; interaction effect with TE1 vs. TE2 comparison, p <0. 05
d=significant difference from TE2 at this specific time point; interaction effect with TE1 vs. TE2
comparison, p <0. 05

Table 3.15. Changes with CD4:CDS8 Ratio in Response to 60 minutes of Endurance

Exercise.
TO T60 T180
CD4:CD8 UT mean 1.97 1.45 2.25
+S.D 1. 82 1.18 3.88
TE1 mean 2.09 1.87 2.05
+S.D 0.86 0.70 1. 09
TE2 mean 1.62 1. 53 2. 01
+S.D 0. 96 0. 98 1. 28

UT= untrained group exercise condition.

TEI= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO=resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.
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Log converted IL-2

T60
Time Points

UT= untrained group exercise condition.

TE 1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= significant interaction effect found between UT and TE2 groups, p <0. 05

Figure 3.1. Changes with PHA stimulated Interleukin-2 production in response to 60
minutes of endurance exercise.
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IFN-y ng/ml

T0 T60 T180
Time Points

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= T180 significantly different from TO with TE1 vs. TE2; time main effect, p <0. 05

Figure 3.2. Changes with PHA stimulated Interferon-gamma production in response to 60
minutes of endurance exercise.
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IL-6 ng/ml

T60
Time Points

UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

Figure 3.3. Changes with PHA stimulated Interleukin-6 production in response to 60
minutes of endurance exercise.
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UT= untrained group exercise condition.

TEI= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= TE2 significant difference from TE1; group main effect, p <0. 05.

Figure 3.4. Changes with PHA stimulated Interleukin-10 production in response to 60
minutes of endurance exercise.
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UT= untrained group exercise condition.

TE 1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= T180 significant difference from TO and T60 with groups UT vs. TE2 and with TE2 vs. TE2;
time main effect, p <0. 05.

b= T180 significant difference from TO and T60 with TE2; interaction effect with comparison
between UT vs. TE2, p <0. 05.

Figure 3.5. Changes with plasma Interleukin-12 in response to 60 minutes of endurance
exercise.
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UT= untrained group exercise condition.

TE1= trained group exercise condition matched in intensity to UT.
TE2= trained group exercise condition at higher relative intensity.
TO= resting sample before exercise.

T60= sample immediately post the 60-minutes of exercise.

T180= sample two hours post exercise.

a= T180 significant difference from T0 and T60 with all three exercise conditions; time main
effect, p <0. 05.

Figure 3.6. Changes with the neutrophil:lymphocyte ratio in response to 60 minutes of
endurance exercise.
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Chapter 4

General Discussion and Conclusion

4.1 Discussion

The immune system is a highly complex, multi-layered and multi-integrated
system. It is comprised of many different cells and molecules that work together to
protect the body. The immune system can be self-regulated though cytokines,
chemokines and other proteins released from cells and tissue. It is also cross-regulated
with the endocrine and nervous systems. Therefore, studying the immune system can be
an overwhelming task due to the different parameters and complex mechanisms involved.
Since acute exercise places a physiological demand on the body, it is not surprising that
exercise alters the parameters and mechanisms of the immune system. It has been
consistently reported in the exercise immunology literature that acute endurance exercise
alters the distribution and function of circulating immune cells (Mackinnon, 1999;
Nieman et al., 1995, 1997). This alteration is dependent on the intensity and duration of
the exercise bout.

Recent research has reported that there are cellular subsets of Helper T cells,
referred to as ThO, Thl, Th2 and Th3 (De Carli et al., 1994; Doug & Flavell, 2001;
Romagnani, 1995; Yates et al., 2000). These cells regulate different aspects of the
immune system and can be identified by the cytokines they secrete. Thl cells normally
secret interleukin (IL)-2, interferon (IFN)-y, tumor necrosis factor (TNF)-a and TNF-.
These cytokines stimulate the cellular-mediated component of the adaptive immune

system and are also known as pro-inflammatory cytokines (Doug and Flavell, 2001;
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Morel and Oriss, 1998). Th2 cytokines are considered to be anti-inflammatory and
control the humoral-mediated component of the immune system. Th2 secretes [L-4, IL-
5, IL-6, IL-10 and IL-13 (Doug and Flavell, 2001; Romagnami, 1995). Th0 is considered
a precursor to these two cells, and is found to secrete many of the Thl and Th2 cytokines.
Th3 is the only cell that secretes transforming growth factor (TGF)- whose role has yet
to be clearly defined (Cerwenka, 1999). Through the production of their specific
cytokines, Thl and Th2 control and regulate each other creating a homeostasis in the
adaptive immune system (Morel & Oriss, 1998). The physiological stress of exercise can
alter the function and distribution of cells within the immune system, including Th1 and
Th2 cells. Previous research has found that Thl cytokines decrease following strenuous
endurance exercise, while Th2 cytokines either remain unchanged or become elevated
(Ibfelt et al., 2002; Smith, 2003; Steensberg et al, 2001). It was, therefore, hypothesized
that acute endurance exercise may lead to a temporary suppression of Thl immunity
while Th2 immunity is favoured.

The primary purpose of this study examined the Thl and Th2 immune response to
acute endurance exercise in trained and untrained females. To fully examine this immune
response in greater depth, three exercise conditions were compared. The first exercise
condition was completed by the untrained women who cycled for an hour at 20 watts
below their VT (mean PO = 90W). The second exercise condition was completed by the
trained women, who cycled for an hour at 90 watts, which was the average PO of the
untrained women. For the third exercise condition, the trained women also cycled at 20

watts below their own VT (mean PO = 155W). Blood samples were taken at rest (T0),
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immediately post the 60 minutes of exercise (T60) and following two hours of recovery
(T180) for each of the exercise conditions.

The intriguing finding with this study was the different Th1 and Th2 immune
responses observed between trained and untrained women after exercise. Thl immunity
was favoured while Th2 immunity appeared to be temporarily suppressed following the
endurance exercise in trained women. This conclusion was based on the decrease
concentration of Th2 cells and the increase of IFN-y and IL-12 concentrations following
both exercise conditions. There was also an increase in IL-2 production following the
trained women’s higher intensity exercise condition, as well as a decrease in [L-10 after
mitogen stimulation in cells of these participants with the lower intensity exercise
condition. This change with Th2 cells and cytokine production was not observed in the
untrained women. The concentration of Th2 cells, IL-10 and IFN-y production after
stimulation were unaffected by the endurance exercise in untrained women. There was a
decrease with IL-2 production post exercise in the untrained women, suggesting that Th1
immunity was temporarily suppressed. Therefore, it can be suggested that Th2 immunity
was enhanced in the untrained women following endurance exercise.

Following exercise there is an immediate and general inflammatory response.
The extent of this response is dependent on the intensity, duration and extent of
musculoskeletal damage caused by the exercise (Mackinnon, 1999; Pedersen and
Hoffman-Goetz, 2000). Inflammation is a part of the healing process, though it can lead
to extensive damage if not controlled. In order for inflammation to be regulated it needs
to be suppressed. This in turn can lead to suppression of the cellular-mediated or the Thl

component of the immune system (Brenner et al., 1994; Northoff et al., 1998; Pedersen
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and Hoffman-Goetz, 2000; Smith, 2003). Once the inflammation has subsided, the
immune system will counter-regulate itself, retuning to homeostasis. Therefore, the
temporary suppression of the cellular-mediated or Th1 immunity can be viewed as a
protective mechanism (Northoff et al., 1998; Morel and Oriss et al., 1998; Pedersen and
Hoffman-Goetz, 2000). The concern for athletes is how long the cellular-mediated
component remains suppressed, as this can “open a window” for the risk of infection
(Nieman et al., 1997; Nieman, 1998). It has been suggest that IFN-y may play a central
role in endotoxin tolerance, which is the mechanism that counter-regulates
immunosuppression (Northoff et al., 1998). An increase with IFN-y production at T180
was observed in both the trained women’s exercise conditions, providing evidence that
immunosuppression was counter regulated in this cohort. It seems likely that endurance
training attenuates the inflammatory response and initiates the endotoxin tolerance more
quickly.

According to these findings the immune system responds differently in trained
and untrained women, regardless of the intensity of the endurance exercise. These
findings indicate that there has been an adaptation as a result of endurance training that
influences the Thl and Th2 immune response to the physiological stress of exercise.
With repeated exposure to physiological stress and inflammation caused by endurance
exercise, the immune system can “learn” and adapt to minimize the effect on the body
(Northoff et al., 1998; Pedersen and Hoffman-Goetz, 2000). This adaptation to exercise
is not entirely surprising, as the immune system has evolved to constantly adapt and

change to combat pathogens and other challenges the host faces.
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The results of this investigation do not completely support the original hypothesis
and in some regards are inconsistent with previous research. It is likely that the intensity
chosen for the exercise conditions played a central role in the discrepancy in these
findings. The majority of previous research has examined exercise that is of higher
intensity (>65% of V0ymax) and longer duration (> 2 hours) (Baum et al., 1997; Henson et
al., 2000; Mitchell et al., 2002; Moyna et al., 1996; Pedersen and Hoffman-Goetz, 2000;
Suzuki et al., 1999). All 3 exercise conditions in this study were 60 minutes and would
be considered to be of moderate intensity (calculated to be 55% of VOpay for the
untrained’s, 44% of V0ymax for the lower trained’s first and 65% of V0ymax for the
trained’s second exercise condition) (Nehlsen-Cannarella, 1998; Nieman et al., 1994).
Additionally, cortisol levels were only significantly elevated in the trained women at the
higher intensity exercise condition. Since cortisol was involved with anti-inflammatory
regulation, the lack if change indicates that there was not an extensive inflammatory
response post exercise (Chryssikopoulos, 1997; Elenkov & Chrousos, 1999; Steensberg
et al, 2003). The undetectable concentration of plasma IL-6 also indicates that
inflammation due to musculoskeletal damage was not extensive in these exercise
condition (Pedersen and Hoffman-Goetz, 2000; Pedersen et al., 2003). Changes in the
immune system with this study were slightly different to previous research (due to the
difference in intensity). Since most individuals who exercise regularly for health and
recreational purposes do so at a low to moderate intensity and similar duration, more
research examining this level of exercise may be beneficial and contribute to the exercise

immunology literature.
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Another possible contributing factor to the some of the differences of this study to
other research may be due to gender differences in immune system responses. The
majority of literature has been based on the exercise immune response of males. Since
this study examined females, it is difficult to compare these findings directly with the
literature. As well, there may be gender differences with the immune response to
endurance exercise. Females tend to be hypercortisolic compared to males (Bell et al.,
1997; Horne et al., 1997, Tsai et al., 1991), which can influence the sensitivity to of
immune cells to glucocorticords (Dohi et al, 2003; Duclos et al., 2003; Kam et al., 1993;
Rohleder et al., 2001). Receptors for estradiol and prolactin have been found on
lymphocytes, indicating that reproductive hormones may also regulate aspects of the
immune system (Goldsby et al., 2000; Maurer, 1982; Vera-Lastra et al., 2002). Both of
these hormones are in higher concentration in women.

Hormonal changes during the menstrual cycle can also influence certain
parameters of the immune response to exercise (Chryssikopoulos, 1997; Northern et al.,
1994; Pehlivanoglu et al., 2001). This present study controlled for these possible changes
by testing the participants during the first 7 days of their pharmaceutical contraceptive
cycle, which is similar to the follicular phase. During this particular phase reproductive
hormones are at lower concentrations, thus limiting the effect they may have on the
immune system (Northern, et al., 1994). Only a limited number of studies have executed
this control of the menstrual cycle. Future studies are encouraged to control for the
menstrual cycle, and thereby decreasing the variability in the immune response.

Females also tend to initiate a cellular-mediated immune response against

pathogens, while males tend to initiate a humoral response (Goldsby et al., 2000) and
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these responses may be reflected in the immune system changes following endurance
exercise. Finally, women are 2 to 3 times more susceptible than men to autoimmune
diseases (Bijlsma, et al., 2002; Whitcare, 2001). The role that these factors play in the
immune response to exercise has not been established and further investigation with

gender differences is needed.

4.2 Conclusion

It can be concluded from this present study that Th1 and Th2 immunity in women
was altered following acute endurance exercise at a moderate intensity. The findings in
this study also demonstrated a dominant Th1 response in trained women and dominant
Th2 response in untrained women following 60 minutes of cycling. Thus, an individual’s:
fitness level and likely a result of adaptation to endurance training influenced the immune
response to the acute stress of endurance exercise.

Acute endurance exercise has been used as a model to examine the effects of
physiological stress on the body. Following events such as surgery, trauma, septic shock
and psychological stress there are similar changes with immune cell numbers, function
and cytokine and hormonal production as seen following strenuous endurance exercise
(Berguer et al., 1999; Kang and Fox, 2001; Paik et al., 2000; Pehlivanoglu et al., 2001;
Shephard, 2001). The findings in this study may indicate that the immune system in
trained women can tolerate the acute stress of endurance exercise better than those who
are untrained. Therefore, it is likely that the immune system in trained women can also
tolerate other acute stressful challenges. However, at this time it is difficult to claim that
these adaptations with the Thl and Th2 response based on the observations in trained

women of this study influence immunocompetence and resistance to chronic disease.
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Further investigation of Thl and Th2 response to a variety of stress in consideration of
gender, the menstrual cycle and with different intensities and durations before claims can
be made that trained women are “healthier” than those who are untrained in terms of their

immune response to stress.
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Measurement of Aerobic Fitness

Aerobic fitness will be assessed with a combined ventilatory threshold
(VT)/maximal oxygen consumption (VOymax) test. This is measured during a
progressive, incremental exercise test to exhaustion (until the person says that you cannot
continue). Exercise intensity is quite light at the beginning of the test and becomes more
difficult every minute or two. The actual test usually lasts for about 12 to 15 minutes,
with an additional 5 to 10 minutes of warm-up and cool-down exercise before and after.
During the test, expired gases are collected using a special breathing apparatus. Heart rate
is monitored continuously with a heart rate monitor. You will do this test on a Monark
ergocycle ergometer (stationary bicycle). This is a standard exercise test protocol for
assessing aerobic fitness levels.

Body Composition Measurement

Body composition will include measuring your height, weight, and skin-fold
thicknesses. The skin-fold measurements involve taking pinches of skin and the
underlying layer of fat with a device (caliper) at various sites on your body and adding
these together to calculate a sum. These sites are on the back of the upper arm (triceps),
underneath the shoulder blade (subscapular), at the side of the waist (iliac crest), beside
the belly button (abdominal), the front of the upper leg (front thigh) and the rear of the
upper leg (rear thigh).

60 Minute Exercise Challenge

The exercise bout is 60 minutes long and is required to be completed during days
1-7 of the oral contraceptive cycle. We will determine this timing with you. The test will
be completed on a stationary cycle (Monark Ergocycle) and involves cycling
continuously for a 60-minute time period, with an additional 5 minute warm-up and cool-
down. The intensity is classified as moderate that will be equivalent to an effort just
lower than what is called the “ventilatory threshold,” a level at which everyone should be
able to exercise for about 60 minutes. This is based on your own individual aerobic |
fitness test, described above, so that we are confident that you will be able to finish the
total 60 minutes. Your heart rate will be monitored continuously using a heart rate
monitor.

We will also collect blood samples from you in order to examine changes in
immune system. We will require three samples, one to be taken before the exercise (at
rest), one immediately after exercise, and one after two hours of recovery. An individual
trained in taking blood will take the blood samples from an arm vein under sterile
conditions. The amount of blood taken for each individual sample will be 20 ml (10ml is
about the size of a teaspoon), and this amount poses no problem to your health.

As mentioned before, if you are in the trained group, you will be asked to perform
two 60-minute endurance exercise bouts on two different days. We will provide you with
adequate recovery time between each of these exercise bouts. The only difference
between the two 60 minute bouts will be the intensity or effort of exercise. You will be
required to perform one of the 60-minute bouts at the same mean intensity that the
normally trained group completed. This should represent a “lower-moderate” intensity
for an endurance-trained individual. The other 60-minute bout will be performed at a
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moderate intensity (equivalent to the intensity just below your individual ventilatory
threshold).

We also need to make sure all our subjects have had a similar diet on the day of
the 60-minute exercise bout. To do this, each participant will be asked to arrive early in
the morning (7 a.m.) after an overnight fast (10 hours) of no food or caffeine, but water is
acceptable. You will be provided with a standard breakfast that consists of a flavorful
nutrition bar and water that is to be consumed before the exercise test. The 60-minute
exercise bout will begin 2 hours after breakfast to allow for digestion. During the exercise
challenge you will be asked to drink 125ml of water every fifteen minutes. As well,
during recovery you will be asked to consume a certain amount of water to allow yourself
to be re-hydrated. We will determine this amount by how much fluid you lost (through
sweat and breathing) during the 60 minutes of exercise.

Benefits:

There are no direct benefits; however you will receive a written report that
includes your own physical fitness and the “health” of your immune system. We will also
provide you with a consultation concerning these matters if you wish.

Risks:

The 60 minute exercise bout and the aerobic fitness test (VT/V02max) require
maximal effort in order to go to exhaustion and/or to perform to each person’s fullest
capabilities. With this type of exercise there may be some health risk. During and after
the tests, it is possible to experience symptoms such as abnormal blood pressure, fainting,
lightheadedness, muscle cramps or strain, nausea, and in very rare cases (0.5 per 10,000
in testing facilities such as exercise laboratories, hospitals and physicians’ offices), heart
rhythm disturbances or heart attack. While serious risk to healthy participants is highly
unlikely, it must be acknowledged, and participants willingly assume the risks associated
with very hard exercise.

The exercise test will be administered by qualified personnel under the
supervision of Dr. Gordon Bell. Personnel are trained to handle identifiable risks and
emergencies, and have certification in CPR. Certifications can be produced if requested.

The laboratory staff will stop the exercise protocols if they are concerned about
your safety. You can also stop any of the research procedures at any time. Please inform
the researchers of any symptoms such as pain, illness, or unusual fatigue experienced
during or after the exercise challenges.

There is some risk of bruising and/or infection at the blood collection site where
the skin is punctured. These risks are minimized by having the blood collected by trained
personnel who follow rigorous laboratory procedures for sterility and puncture site care.

Though it is not a physical risk, we understand that discussing your menstrual
health/cycle may be an uncomfortable topic for you. Please be aware that we will be
asking questions concerning menstrual health/cycle and type of “pill” you use. All
information you provide will be held in the strictest of confidence.

Time Commitment: How long will it take?

V02max/VT and body composition testing: approximately 60 minutes.
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Name:

Appendix B

Health Questionnaire

Please answer the following questions as accurately as possible.

Date of Birth:

Phone:

Email:

1. List any prescribed medication or over-the-counter medication/herbs/vitamins that
you regularly take:

2. Please list any medical conditions/ chronic diseases that you may have:

3. Do you have any of the following conditions?

a.

b.

Diabetes

Asthma

Severe Allergies
Multiple sclerosis
Rheumatoid arthritis
Lupus

Cancer

Thyroid disease

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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4. Atwhat age did you have your first menstrual period?
5. Are you taking oral contraceptives (the “pill”)? Yes
“YES” - answer the questions below:

i. Please provide the name of the brand you use:

(years)

ii. Isita21 or 28 day cycle?

iii. How long have you been taking them?

iv. Do you have regular menstruation (i.e., do you have a period each oral

contraceptive cycle)?

v. When do you start your next cycle of oral contraceptives (i.e., new

package)?

6. Do yousmoke? Yes No

7. Are you involved in a regular routine of physical activity? Yes

“YES” - please answer questions below:

No

1. How many days a week do you participate in your routine?

1i. What is the range of minutes per session?

iii. How long have you been doing this routine for?
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8. Please list and describe ALL of the physical activities that you are involved in:

ACTIVITY DURATION FREQUENCY INTENSITY
(minutes/session) (sessions/week) (see below)
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
INTENSITY: 1 — not vigorous at all (very light)
2 — somewhat vigorous (light)
3 — moderately vigorous (medium)
4 — vigorous (heavy)
5 — extremely vigorous (very heavy)
9. What is your occupation?
Describe the activity level of your job (i.e., Sitting; Stair Climbing; Lifting)
10. Is there any other information that you feel is important to this study?
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Appendix C

Nutritional Information of Cliff Bar, Hormone Composition of Pharmaceutical

Contraceptives taken by Participants and Specific Monoclonal Antibodies for Each Well

Table C.1. CLIF R Nutritional Information.

Mass (grams) 68 .0
Carbohydrates (grams) 43.0
Proteins (grams) 11.0
Fat (grams) 6.0
Energy (calories) 250.00

Table C.2. Composition of Pharmaceutical Contraceptives Taken by Participants.

Brand Name Ethinyl Estradiol Synthetic Progesterone
(mg) (mg)
Triphasil Tri-phasic OCP 0.03/0.04/0.03 0.05/0.075/0.125 (LNG)
Ortho Tricyclen  Tri-phasic OCP 0.035 0.18/0.215/0.25 (NG)
Allesse Mono-phasic OCP  0.02° 0.1 (LNG)
Orthocyclen Mono-phasic OCP  0.035 0.25 (NG)
Loestrin Mono-phasic OCP  0.03 1.5 (NE)
Diane 35 Mono-phasic OCP  0.035 2.0 (CP)
Marvelon Mono-phasic OCP  0.03 0.15 (DG)
Ortho-Eva Trans-dermal Patch 0.2 0.15 (NLG)

OCP= oral contraceptive pill; LNG= levonorgestrel; NG=norgestimate; NE=norethindrone; CP=
cyproterone; DG= desogestrel; NLG= norelgestromin

Table C.3. Specific mAB Added to Each Well.

Well 1 2 3 4 5 6 7
Cells CD25 F, CD25 F, CRTH; F, CRTH, F, CD3F, CD20 F,
unlabeled CD4 PE, CDS8 PE, CD25 PE CD25 PE, CDI6 PE, CDI9PE
CD3 OR, CD3 QOR, CD8 APC, CD4 APC, CD56B

CD62L APC CD62L APC

F= fluorescein isothiocyanate, PE= phycoerythrin, APC= allophycocyanin, B= Biotin
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Appendix D

Individual PHA stimulated IL-6 Cytokine Changes

o

IL-6 ng/ml

T0 T60 ' T180
Time Points

Figure D.1. Individual changes of L-6 in the untrained group following 60 minutes of
endurance exercise.

128

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



IL-6 ng/mi

2 XM/MM o /’,‘X\—\«‘wmw NM.’MM___&N'M
0 = L —r
T0 T60 T180
Time Points

Figure D.2. Individual changes of IL-6 in the trained group following 60 minutes of
endurance exercise.
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Figure D.3. Individual changes of IL-6 in the trained group following 60 minutes of
endurance exercise.
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