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ABSTRACT OF THE THESIS
The Effect of Training Background and Acute Exercise Type on the Cytokine Response
to Exercise
By CHRISTOPHER E. ORDWAY
Thesis Director
Shawn M. Arent

Acute aerobic and resistance training exercise provide different stimulus to the body.
Chronic training in either of these modalities leads to adaptations that alter the body’s
response to acute exercise bouts. Growth Hormone (GH), Interleukin-6 (IL-6), and
Interleukin-10 (IL-10) are all well studied biomarkers in regard to both their acute
response to exercise, as well as the adaptations to that response from chronic training.
Purpose: To compare the effect of chronic endurance (END) or resistance (RES)
training on the acute GH, IL-6 and IL-10 responses to trained versus novel exercise
bouts. Methods: Chronically END (n=10; Mage= 24.8+4.92 years; Mn= 177.3+5.8 cm;
Muwi= 68.914 kg; Myer = 10.1£4.1%) and RES (n=10; Mage= 23.212.8 years; Mn=
173.1£8.1 cm; Mw= 76.8+8.8 kg; Mysr = 15.5£6%) trained men were taken through
separate prescribed weight training (WT) and aerobic (AER) exercise bouts based on
earlier testing. Subjects arrived 2hr fasted and euhydrated and had blood drawn pre-
(TO), 5 minutes (T1) and 60 minutes (T2) post exercise bout. Blood was then processed,
and GH, IL-6, and IL-10 values were ascertained by hormone specific ELISA and
custom human cytokine panels, respectively. Results: GH ad a significant main effect
for time (P<.05) and a significant effect for time by condition (P<.05). For IL-6, there was
a trend for a main effect of time (P<.10), with no significant differences between groups
for either condition. IL-10 had a trend for a main effect of condition as well as time
(P<.10), with the RES group having no difference in response between bouts and the
END group only differing at T2 with the AE bout eliciting a greater response (P<.05).



Conclusions: GH’s role as a differential energy sensor was demonstrated by the
difference in responses between conditions, while the lack of response by IL-6 provides
insights to other factors that may need to be controlled for in future studies. The
unexpected disconnect between the IL-6 and IL-10 response also demonstrates the
need for continued exploration into the cytokine signaling mechanisms in response to

exercise.
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Chapter 1
GH and Cytokine Responses to Acute Exercise and Chronic Training
By

Christopher E Ordway



Introduction

The acute and chronic growth hormone (GH) and inflammatory responses to
both aerobic and resistance exercise are widely studied topics. However, little is known
regarding how chronic adaptation to one form of exercise can affect the acute response
to another. The purpose of this review is to identify and assess the current
understanding of acute responses and chronic adaptations to either aerobic or
resistance training and examine how an acute bout of a novel exercise type will alter the
GH and inflammatory response, if at all.

During an acute aerobic exercise session, submaximal force production in the
working muscle is maintained for an extended period of time. To accommodate this
stimulus, fuel and oxygen utilization increase while carbon dioxide and other byproducts
increase in concentration as a result of the increased metabolic activity. Adaptations
occur both within and outside of the muscle as result of these demands. Internally,
chronic endurance exercise training increases muscle fatigue resistance and
performance efficiency by increasing mitochondrial content and enzyme activity to
increase fuel mobilization and utilization efficiency (Hood, 2001). Externally, adaptations
occur in the cardiovascular system, including increased stroke volume and increased
capillary density, as well as to better fuel mobilization from stores outside of the working
muscle (Hood, 2001).

Acute resistance training requires greater overall force production, typically over
shorter working periods. While metabolic activity increases as a result, the main stressor
of this type of training is the demand to produce larger forces by recruiting a greater
number of muscle fibers simultaneously. This incorporates fibers into the training that
produce more force but that tend to fatigue quickly. Chronic resistance training,
therefore, stimulates increased size and contractility of the musculature, and increased

overall neural drive to the fibers. (Bosquet et al., 2013; Schoenfeld, 2010).



Growth Hormone (GH)

In humans, GH is a family of pleiotropic polypeptide hormone variants (at least
22kDa in length), synthesized and released by the anterior pituitary (Giustina & Veldhuis,
1998). GH effects on local tissues include cell division and growth, calcification of
cartilage, and a protein anabolic effect (Giustina & Veldhuis, 1998). It also alters both
fatty acid and carbohydrate metabolism through increased lipolysis in adipose tissue,
increased triglyceride uptake in the muscle and liver, increased hepatic glucose
production via glycogenolysis, and reduced skeletal glucose uptake (Vijayakumar et al.,
2010). The secretion pattern of GH is pulsatile in nature (McArdle, 2015), indicating a
need for careful consideration and control of time of day when comparing the acute GH
response to different bouts of exercise. Despite work showing that time of day does not
change the acute GH response to exercise (Kanaley et al., 2001), comparison between
different exercise sessions requires accounting for baseline values. This makes
comparisons of initial GH concentrations between groups and sessions more difficult. As
a result, controlling the time of day and the time elapsed since last feeding for all
exercise bouts for all subjects may be the simplest and most effective way to enable
accurate comparisons of the GH response.

Early studies characterized the acute GH response to aerobic exercise as an
initial increase in plasma values occurring 15 minutes after the onset, and peak GH
concentrations being seen at or near the end of exercise (Lassarre et al., 1974; Raynaud
et al., 1983; Sutton & Lazarus, 1976). Lasserre et al. had 10 subjects exercise for 1 hour
on a cycle ergometer with exercise intensity varying between subjects from 37 to 71% of
VO, max, resulting in maximal GH values from 5 to 41 ng/mL (Lassarre et al., 1974).
This was the start of exercise intensity being identified as a key modifier of exercise-
induced GH release. Sutton & Lazarus furthered this idea by having subjects exercise on

a cycle ergometer for 20 minutes at varying intensities: 300, 600, and 900 kpm/min



(approximately 50, 100, and 150 Watts, respectively) (1976). For the subjects involved,
these work rates represented 25-33%, 40-66%, and 75-90% of VOzmax, respectively.
They found that the highest work intensity resulted in the greatest peak in GH, with a
reduced response to the medium intensity, and no change in GH values in response to
the lowest intensity (Sutton & Lazarus, 1976).

Other work demonstrated that intensity was more influenital than volume. When
comparing an hour of steady state with an hour alternating 30 seconds on at double the
work rate with 30 seconds of rest, the intermittent protocol produced a higher GH
response (Raynaud et al., 1983). It was then suggested that GH release required a
threshold intensity (Chang, et al., 1986; Felsing et al., 1992; Viru, 1985). More recently,
however, the magnitude of GH release has been shown to linearly rise with increasing
intensity (Pritzlaff-Roy et al., 2002; Pritzlaff et al., 1999), with increases above baseline
GH values occurring with exercise intensities as low as 25% of lactate threshold.

The identification of intensity’s key role led to the question of how anaerobic
exercise would affect the GH response. Vanhelder et al. (1984) supported the notion of
anaerobic exercise producing a higher response by comparing 20 minutes of aerobic
cycling with 20 minutes of supramaximal bike intervals. They found a significantly higher
elevation in GH following the intervals both immediately post and 30 minutes after
exercise termination. There have also been a number of studies addressing the
anaerobic stimulus question by using acute resistance exercise protocols. Regardless of
the variation in resistance protocol used, as well as sampling intervals chosen by the
researchers, the pattern of GH release in resistance exercise is similar to that of aerobic
exercise. GH concentration generally peaks at or just after the termination of exercise,
with a return to baseline levels by 90 minutes after termination (Hakkinen & Pakarinen,
1995; Kraemer et al., 1995; Kraemer et al., 1992; Kraemer et al., 1991; Kraemer et al.,

1990; Nindl et al., 2001; Raastad et al., 2000; Takarada et al., 2000; Vanhelder et al.,



1984). Contrary to the aerobic exercise studies, the acute GH response to resistance
exercise is highly impacted by total workload, rather than just intensity, at least when
expressed as a function of percentage of 1-RM used (Kraemer et al., 1990; Raastad et
al., 2000). As a result of this, the two ends of the exercise spectrum (i.e. aerobic versus
resistance exercise bouts) needs to be addressed. This stands to be a difficult task as
the two exercise forms do not make it easy to equate intensity and volume, though this
may lend itself to greater external validity given the nature of prescription of the
modalities.
Cytokines

Cytokines are regulatory proteins secreted by a host of body cells, including
white blood cells, in response to a number of inducing stimuli. Cytokines generally
function as intercellular messenger molecules that evoke particular biological activities
after binding to a receptor on a responsive target cell (Pedersen & Nieman, 1998). When
tissue damage occurs in the body, cytokines mediate the acute-phase inflammatory
response (Richards, 1995). Traditionally, inflammation has been discussed in a negative
context. However, it serves to promote repair of damaged tissue and fight pathogens. As
with other forms of stress, exercise induces the release of cytokines to help manage
strain placed on the system (Cannon & Kluger, 1983). Similarly, the inflammation
following an acute exercise bout functions to hasten regenerative processes through
pro-inflammatory cytokine release, while reductions in chronic low-grade inflammation
are seen with habitual exercise due to upregulation of anti-inflammatory cytokines
(Jankord & Jemiolo, 2004).

The most frequently and thoroughly studied of the cytokines, particularly in
relation to exercise, is interleukin 6 (IL-6). IL-6 expression and action is well-established,
with both pro- and anti-inflammatory effects being identified (Biffl et al., 1996; Pedersen

et al., 2001). IL-6 has been labeled as the “keystone cytokine in health and disease”



(Hunter & Jones, 2015).

IL-6 was first sequenced and characterized as B-lymphocyte differentiator over 2
decades ago (Hirano et al., 1986). Since then, other roles and similar cytokines have
been identified and grouped together (Kishimoto et al., 1995). Typical IL-6 plasma
concentration is around 1 pg/ml or even lower, but has been shown to reach upwards of
10000 pg/ml in cases of severe systemic infection (Friedland et al., 1992; Ostrowski et
al., 1998). Typical elevation of IL-6 in response to acute infection follows that of TNFa
and IL1[ (Petersen & Pedersen, 2006) and has been justified as the primary mediator of
the physiologic acute phase response to injury (Biffl et al., 1996). During acute injury or
infection, IL-6 is produced and binds to its receptor, inducing a JAK/STAT transduction
pathway that then induces expression of acute phase proteins (APP) (Wegenka et al.,
1993). These APPs are then associated with differentiation and proliferation of immune
cells and processes known collectively as the acute phase response, part of the innate
immune response geared towards healing and reestablishing homeostasis (Cray et al.,
2009). Conversely, IL-6 has been demonstrated to inhibit expression of TNF and IL1
(Schindler et al., 1990), enhance synthesis of glucocorticoids which play anti-
inflammatory and immunosuppressive roles (Dougall & Nick, 1991), and induce
macrophage expression of IL1-receptor agonist (IL1ra) and soluble TNFa receptor, both
of which truncate the effects of their respective pro-inflammatory cytokines (Tilg et al.,
1994). As a result, if IL-6 levels remain elevated for a prolonged period of time, there is
an increased risk of immunosuppression and sepsis (Biffl et al., 1996). Chronic
elevations in IL-6 (~10 fold above resting) have also been associated with various health
conditions including, but not limited to, obesity (Bastard et al., 2000), type 2 diabetes
(Kado et al., 1999), and cardiovascular disease (Fisman et al., 2006).

While the typical response to acute infection involves other pro-inflammatory

cytokines (i.e. TNF-alpha and IL1B), the response to exercise is led by a massive (up to



100 fold) increase in IL-6 with limited rises in the other pro-inflammatory cytokines and
independent of markers of muscle damage (Petersen & Pedersen, 2006). An important
factor distinguishing IL-6 release triggered by infection versus exercise stress is whether
there is a concomitant rise in TNFa concentration prior to the IL-6 appearance. This
differentiates the nature of the stress of infection and the acute phase response from
that of exercise. This difference may stem from variation in the source and kinetics of IL-
6 as a result of exercise. During exercise, IL-6 concentrations increase in a near
exponential manner and peak near the end of the exercise bout, followed by a fairly
rapid return to baseline levels (Ostrowski et al., 1998). Rather than macrophage
production, the contracting skeletal muscle during exercise appears to be the major
source of IL-6 based on notable increases in IL-6 mMRNA content at the end of exercise
(Steensberg et al., 2002). This theory is also supported by micro dialysis measurements
showing a increases in IL-6 concentrations within the interstitium of contracting muscle
above that found in circulation (Rosendal et al., 2005).

In addition to its role in the stress response, IL-6 serves as a mobilizer of
energy substrates during exercise. Several studies have demonstrated the ability of |L-6
to increase insulin-stimulated glucose disposal in humans at rest and glucose uptake in
vitro (Carey et al., 2006) and whole-body glucose production and uptake during exercise
(Febbraio et al., 2004), as well as downregulate pyruvate dehydrogenase activity in the
skeletal muscle of fed mice (Bienso et al., 2014). Interestingly, studies have found that
carbohydrate ingestion during endurance training attenuates the exercise-induced
increase in plasma IL-6 without affecting IL-6 mMRNA content of the working muscle
(Nehlsen-Cannarella et al., 1997; Starkie et al., 2001), suggesting glucose availability
plays a role in the regulation of IL-6 mMRNA processing and/or IL-6 release. Contributing
to this idea, it has been shown that beginning exercise in a glycogen-depleted state

results in an elevated plasma IL-6 response (Gleeson & Bishop, 2000). Furthermore, IL-



6 infusion in humans increases whole-body lipolysis and fat oxidation (van Hall et al.,
2003; Wolsk et al., 2010). As such, IL-6 appears to influence fuel utilization through
sensing of muscle glycogen stores and manipulation of circulating macronutrient levels.
Exercise mode, intensity, and duration appear to be the main determinants of the
IL-6 response magnitude. Previously, it was suggested that the IL-6 response was
related to muscle damage (Bruunsgaard et al., 1997). Ostrowski et al. instead showed
that the IL-6 response was sensitive to intensity (2000), an appropriate finding as
intensity can be viewed as an indirect representation of the contracting muscle mass
involved. While this could imply that increased muscle damage would lead to just a
greater magnitude in IL-6 release, it has been clarified that eccentric exercise results in a
delayed peak and slower decrease of plasma IL-6 concentrations Keeping with the idea
that muscle mass affects the magnitude of the response, exercise involving solely the
musculature of the upper extremities may not elicit a significant IL-6 response (Bergfors
et al., 2005), while exercise that incorporates larger muscle groups, such as running,
elicits a much more dramatic plasma IL-6 increase (Nieman et al., 2005; Nieman et al.,
2001; Niess et al., 2003). Also, the use of elbow flexor muscles limits the amount of
contracting muscle mass involved in the bout, a factor that has already been discussed
as a contributor to the overall cytokine response. These results do align with the
conclusions made in an earlier review (Hirose et al., 2004), however there was very little
research on resistance training at that time. (Maclintyre et al., 2001; Willoughby et al.,
2003). More recent studies continue to question the assumption that higher muscle use
and damage is central to the exercise induced cytokine response Hirose et al (2004)
determined eccentric resistance exercise produced a smaller cytokine response
compared to the typical response to endurance training and Mendham et al. found no
significant differences in the IL-6 response to either a cycle ergometer or full-body

resistance training session (2011). A recent review by Calle and Fernandez (2010),



failed to come to any clear conclusions regarding the effect of resistance exercise
training on specific cytokine responses and suggested further studies were needed to
elucidate their relationship.

Despite the effect of mode and intensity, duration appears to have the greatest
influence on the IL-6 response (Ostrowski et al., 1998). A previous review reported that
more than 50% of the variation in plasma IL-6 after exercise was explained by duration
and that while running generally elicited the highest increases, the log-log linear
relationship between fold increase of plasma IL-6 and time was “remarkably insensitive
to the mode of exercise” (Fischer, 2006).

Interleukin 10 (IL-10) is another key cytokine known for its powerful anti-
inflammatory actions (Moore et al., 2001). When challenged with a low dose of
endotoxin, it was shown that IL-10 reduces serum levels of TNFa, IL-6, IL8, IL103,
neutrophil accumulation, elastase, production and cortisone (Pajkrt et al., 1997).
Originally identified as cytokine synthesis inhibitory factor (Vieira et al., 1991), IL-10 has
been shown to severely blunt cytokine production by both T cells and NK cells. This
inhibition comes through an indirect method, namely inhibition of macrophage and
monocyte ability to present antigens (de Waal Malefyt, 1991; Ding & Shevach, 1992;
Fiorentino et al., 1991). In humans, it has been shown that IL-10 concentrations are
augmented by increases in circulating IL-6 (Steensberg et al. 2003). This helps to
explain why at the Copenhagen Marathon, Ostrowski et al. (1999) found that both IL-6
and IL-10 peaked immediately after the race.

Conclusion

Chronic training appears to have anti-inflammatory effects overall. Jankord and
Jemiolo (2004) found that among healthy older men, those with greater weekly volume
of aerobic activity had decreased serum IL-6 and increased serum IL-10 concentrations.

Smith et al. (1999) produced a significant increase in IL-10 utilizing a 6 month hospital
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based exercise intervention. Conversely, Oberback et al. (2006) did not find significant
changes in IL-6 or IL-10 after a 4 week training intervention in adults with varying
degrees of glucose tolerance. Unfortunately, the study protocol was not fully disclosed
so it is difficult to determine if mode or intensity were sufficient to elicit an adaptive effect.
This is especially true given the relatively short duration of the intervention, 4 weeks, is
not a long enough period of time to be considered “chronically’ trained. Continuing focus
needs to be placed on elucidating specific cytokine responses to both acute and chronic

resistance exercise.
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Introduction

Two of the most prevalent forms of exercise today are aerobic and resistance
training. Acute exercise bouts cause disruptions to normal physiological conditions that,
when repeated regularly and appropriately, result in chronic adaptations (Lambert,
2016). Aerobic exercise requires the body to increase oxygen and fuel delivery to the
working muscle, while subsequently removing carbon dioxide and metabolic by
products. To achieve this, not only must cardiorespiratory system work harder, but the
blood vessels and capillaries must respond to various signals to increase blood flow to
specific parts of the body and the working muscle must work harder to use the resources
available. Chronic training with aerobic exercise leads to endurance adaptations in
muscle fatigue resistance and performance efficiency through improvements in capillary
density, mitochondrial content, and fuel mobilization and utilization efficiency (Hood,
2001). Resistance exercise, on the other hand, challenges the muscle’s ability to
generate force. This is achieved through recruitment of more muscle fibers, specifically
higher force producing ones, as well as the synchronization of motor unit contraction to
produce sufficient force to overcome the resistance. Chronic resistance training leads to
increases in muscle fiber hypertrophy, contractile strength, and neural drive (Bosquet et
al., 2013; Schoenfeld, 2010).

While these chronic adaptations vary based on training type, the end results are
the same: increased ability to handle the acute stressors that caused a disruption to the
system. Missing from this literature, however, is understanding if and how the chronic
adaptations to one exercise type affects the system’s ability to respond to an acute bout
of a novel stimulus.

One well studied physiological marker in exercise is growth hormone (GH). GH is
a significant modifier of substrate utilization both during and after exercise through

regulation of gluconeogenesis and glucose uptake (Vijayakumar et al., 2010). This
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regulatory control over glucose metabolism aids in optimizing muscle performance and
fatigue resistance through improved energy production, especially as plasma free fatty
acid levels decline (Giustina & Veldhuis, 1998). In addition, GH is known for its role in
cell division and protein synthesis with receptors for GH found throughout the body
(Giustina & Veldhuis, 1998). These factors suggest controlling for food intake prior to
exercise a necessity, GH'’s pulsatile secretion pattern (William D. McArdle, 2015)
suggests it necessary to carefully consider and control when subjects complete study
sessions. Conversely, Kanaley et al. (2001) demonstrated that time of day does not
change the acute GH response to 30 minutes of treadmill running once resting values
are accounted for. Early GH studies demonstrated that aerobic exercise caused an initial
increase in plasma values 15 minutes after onset, and peak GH concentrations occurred
at or near the end of exercise (Lassarre et al., 1974; Raynaud et al., 1983; Sutton &
Lazarus, 1976). Recent studies utilizing frequent sampling intervals have shown that the
intensity of aerobic exercise has a linear correlation with the magnitude of the GH
response (Cappon et al., 1994; Pritzlaff et al., 1999; Wideman et al., 2000; Wideman et
al., 1999).

Despite relatively fewer studies on resistance training, current works suggest that
the pattern of GH release in response to this form of exercise is similar to that of aerobic
exercise. Typically, GH concentration peaks at or just after the termination of resistance
exercise, with a return to baseline levels by 90 minutes after termination (Hakkinen,
1995; Kraemer, 1995; Kraemer, 1992; Nindl, 2001 ; Raastad, 2000; Takarada, 2000;
Kraemer & Ratamess, 2005; Kraemer et al., 2017). Studies have also indicated that the
acute GH response to resistance exercise is highly impacted by total workload, rather
than just intensity in terms of percentage of 1-RM used (Kraemer et al., 1990; Raastad

et al., 2000).
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While both types of exercise appear to stimulate a similar GH response, subtle
differences in magnitude and time course are present. Exercise intensity and total work
volume have both been identified as the major modifiers of the exercise-induced GH
response (Pritzlaff-Roy et al., 2002; Pritzlaff et al., 1999)and, as a result, both of these
key variables need to be considered in any study attempting to compare aerobic and
anaerobic exercise on the sole basis of modality.

Cytokines generally function as intercellular messenger proteins that respond to
a variety of stimuli and evoke particular biological activities after binding to a receptor on
a responsive target cell (Bente Klarlund Pedersen & Nieman, 1998). Typically, cytokines
play pro- or anti-inflammatory roles to mediate homeostatic disruptions induced by tissue
damage. Exercise has been shown to elicit a release of cytokines to help manage strain
placed on the system through regulation of inflammatory cascades (Cannon & Kluger,
1983). Inflammation following acute exercise bouts hastens regeneration and repair
through pro-inflammatory cytokine release, while habitual exercise appears to reduce
chronic low-grade inflammation through upregulation of anti-inflammatory cytokines
(Jankord & Jemiolo, 2004).

IL-6 expression, release and action are well-established, with both pro- and anti-
inflammatory effects being identified (Biffl et al., 1996; Pedersen et al., 2001). During
acute injury or infection, damaged tissue (i.e endothelial cells and fibroblasts) and
circulating immune cells (i.e. monocytes) produce and release IL-6. This then binds to its
receptor, inducing a JAK/STAT transduction pathway that then promotes expression of
acute phase proteins (APP) (Wegenka et al., 1993). These APPs are then associated
with the innate immune response geared towards healing and reestablishing
homeostasis (Cray et al., 2009).

In its anti-inflammatory role, IL-6 has been demonstrated to inhibit expression of

TNF-a and IL-1 (Schindler et al., 1990), enhance synthesis of glucocorticoids, which play



26

anti-inflammatory and immunosuppressive roles (Dougall & Nick, 1991), and induce
macrophage expression of IL-1-receptor agonist (IL-1ra) and soluble TNF-a receptor,
both of which truncate the effects of their respective pro-inflammatory cytokines (Tilg et
al., 1994). As a result of these effects, chronic elevation of IL-6 can result in an
increased risk of immunosuppression and sepsis (Biffl et al., 1996) and has been
associated with various health conditions such as obesity (Bastard et al., 2000), type 2
diabetes (Kado et al., 1999), and cardiovascular disease (Fisman et al., 2006).

During exercise, IL-6 is produced and released from contracting muscle
(Rosendal et al., 2005; Steensberg et al., 2002), causing plasma concentrations to
increase in a near exponential manner and peak near the end of the exercise bout,
followed by a quick return to baseline levels (Kenneth Ostrowski et al., 1998). Outside of
its inflammatory roles, IL-6 appears to influence fuel utilization through sensing of
muscle glycogen stores (Gleeson & Bishop, 2000; Nehlsen-Cannarella et al., 1997;
Starkie et al., 2001) and manipulation of circulating macronutrient levels. Specifically, it
moderates glucose metabolism (Bienso et al., 2014; Carey et al., 2006; Febbraio et al.,
2004) and increases whole-body lipolysis and fat oxidation (van Hall et al., 2003; Wolsk
et al., 2010)..

Exercise mode, intensity, and duration appear to be the main determinants of the
IL-6 response magnitude. Ostrowski et al. (2000) showed that the IL-6 response was
sensitive to intensity by demonstrating marathon runners who ran at a higher intensity
had a greater peak in plasma IL-6 concentrations. This is further exemplified by
comparing studies that incorporated larger muscle groups (i.e. running) vs those looking
at smaller muscle groups. Utilizing larger muscle groups, which would correlate with a
higher VO, appears to stimulate a large IL-6 increase (Nieman et al., 2005; Nieman et
al., 2001; Niess et al., 2003) while utilizing only the musculature of the upper extremities,

similar to the repetitive, low intensity, and long duration of continuous production line
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work does not induce such a response (Bergfors et al., 2005). Despite the effect of mode
and intensity, duration appears to have the greatest influence on the IL-6 response (K.
Ostrowski et al., 1998). A previous review reported that more than 50% of the variation

in plasma IL-6 after exercise was explained by duration and that while running generally
elicited the highest increases, the log-log linear relationship between fold increase of
plasma IL-6 and time was “remarkably insensitive to the mode of exercise” when
comparing exercise modes that utilize similar muscle groups (i.e. dynamic knee-extensor
vs bicycling)(Fischer, 2006). While the specific exercise was different in this study, the
movement patterns used in the two were similar enough to each other that a difference
would not logically be expected to begin with.

Interleukin 10 (IL-10) also plays a powerful role in anti-inflammatory processes
(Moore et al., 2001) by blunting inflammatory cytokine production by both T cells and NK
cells (de Waal, 1991; Ding & Shevach, 1992; Fiorentino et al., 1991). IL-10
concentrations are stimulated by IL-6 (Steensberg et al., 2003), and a similar time
course occurs for IL-6 and IL-10 in response to marathon running (Ostrowski et al.,
1999).

Exercise training has been associated with beneficial changes to the baseline
anti-inflammatory status of individuals. A survey of healthy older men by Jankord and
Jemiolo (2004) found that greater weekly aerobic activity was associated with decreased
serum IL-6 and increased serum IL-10 concentrations. A 6-month hospital-based
exercise intervention by Smith et al. (Smith, 1999) resulted in a significant increase in IL-
10. Conversely, Oberback et al. (2006) did not find significant changes in IL-6 or IL-10
after a 4-week training intervention in adults with varying degrees of glucose tolerance,
suggesting a greater duration of regular training is necessary to elicit a positive anti-
inflammatory effect.

Adaptations to chronic exercise inherently help individuals to better manage the
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stress of acute exercise bouts. However, that is typically due to the acute bout of
exercise being similar in nature to the chronic training modality. It has not been
determined how chronic adaptations to one type of training influences the response to
an acute bout of a novel exercise type. Therefore, the purpose of this study was to
compare the responses to practiced and novel acute exercise bouts and how these may
differ depending on the type of chronic training.
Materials and Methods

Subjects. Twenty healthy, college-aged male subjects volunteered to take partin
this study. Subjects were recruited and categorized by training background: Endurance
trained (END, n=10; Mage= 24.8+4.92 years; Mn= 177.315.8 cm; M= 68.9+4 kg; Mogr =
10.1£4.1%) and Resistance trained (RES, n=10; Mage= 23.2+2.8 years; Mn= 173.1£8.1
cm; My= 76.848.8 kg; Mysr = 15.5£6%). Inclusion criteria were a minimum of two years
of regular training predominantly categorized as endurance or resistance training, at
least six months free from injury or training disruption, between the ages of 18 and 39,
and absence of any known health issues. Additionally, participants were selected based
on fitness testing results - having mismatched results during END and RES testing (i.e.
the average END subject fell into the superior category for VO2 and a 10RM back squat
below bodyweight; See Table 1). Individuals with metabolic disorders were excluded
from the study. Subjects were permitted to use supplements as long as they had not
started or stopped use within six -months of enroliment through completion. We
implemented a between-subjects design to compare training background and added
within-subjects comparisons between exercise sessions, including resting measures on
each day. The research was approved by the Rutgers University Institutional Review
Board for the Protection of Human Subjects.

Testing. Subjects arrived at the Rutgers Center for Health and Human

Performance (CHHP) on three separate visits to complete baseline testing for



29

assessment of training status, collection of fitness data, and determination of load and
power output to be used during the exercise sessions. In the first visit, subjects
completed a health screening to determine eligibility and written informed consent was
obtained. All subsequent sessions required the subjects to report at least 2 hours
fasted, in a euhydrated state and having refrained from exercise for at least 24 hours.
In the second session, subjects underwent body composition analysis to

determine body mass and body fat percentage via air displacement plethysmography
using the Siri equation (Siri, 1956) and a Bod Pod (COSMED, Concord USA). Subjects
then performed a 5-minute warm-up at a self-selected pace on the bike or treadmill
before completing a graded exercise test on a cycle ergometer (Velotron, Racermate,
Seattle, WA) to determine VO2max via indirect calorimetry using a gas analyzer (CPET
Quark Metabolic cart, COSMED, Concord USA). The starting wattage was determined
based on the subject’s estimated fitness (Figure 2), with 30 Watt increases every 3
minutes. Subjects were asked to maintain 90 RPM until volitional fatigue, which was
assessed as the inability to maintain >80 RPM. The test was considered valid if 3 or
more of the following criteria were met: observed HR = age-predicted max minus 10
BPM, rating of perceived exertion score = 18, VO increase < 150 mL/min between
stages, or respiratory exchange ratio = 1.15. Heart rate (HR) was monitored using a
Polar H7 HR transmitter linked to a Polar M400 monitor (Polar Electro Inc., Bethpage,
NY). Maximal aerobic power (POmax) was calculated according to following formula
(Naperalsky et al., 2010):

POnax = ((W completed) + (Wattage increase)) x (% time on stage attempted)

After determining POmayx, the value at 75% POmax was used as the prescribed

intensity for the aerobic exercise (AE) condition. Additionally, ventilatory threshold (VT)
was calculated using the graphical ventilatory equivalent method as described in Davis

et al. (1980).
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The final baseline session tested maximal strength using a 10-repetition
maximum (10RM) to evaluate seven lower body exercises: barbell back squat, leg press,
barbell back-rack lunge, Romanian deadlift, leg extension, prone leg curl, and seated
calf raise. The National Strength and Conditioning Association guidelines for exercise
technique and testing were followed and all testing was administered by a Certified
Strength and Conditioning Specialist (Haff & Triplett, 2016). 10RM values were obtained
over the course of 3-5 working sets. The 10RM value was used for the weight training
(WT) condition, with subjects completing their lifts in the same order at 90% of 10RM.

Experimental Sessions. Subjects returned to the CHHP for their assigned
experimental visits and were asked to refrain from exercise for the previous 24 hours
and avoid intense or prolonged exercise for the previous 48 hours. Prior to their first
condition, subjects completed a 24-hour food log to record their diet. They were
encouraged to eat normally, and consume a meal 2-3 hours prior to the visit, with only
water after. The food log was utilized to help the subjects repeat their diets as closely as
possible for all subsequent conditions. Subjects were asked to refrain from consuming
caffeine within six hours of their visit. Time of day was matched between conditions, with
start time occurring between 8:00AM and 12:00PM for all subjects. Conditions were
completed 3-7 days removed from previous sessions (testing or experimental condition).
Session order was randomized, and conditions were matched for total duration of about
45 minutes. Water was consumed ad libitum for both sessions.

The AE condition required subjects to arrive and sit quietly for 10-15 minutes
before the resting blood draw was performed. The Velotron bike seat and handle
position were adjusted for the individual and then the subject was permitted to complete
a short self-prescribed warm-up lasting no more than 10 minutes. Subjects then
completed 45 minutes on the Velotron at approximately 75% of POnax. Subjects were

instructed to maintain a cadence of approximately 90 RPM and were monitored by a
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study member throughout the session. If HR did not achieve steady state, reached a
value above 90% HRmax, or the cadence could not be maintained, the wattage was
reduced in 5 W increments until the subject was able to meet the required criteria. The
subjects remained in the lab for 60 minutes for additional sample collection.

For the WT condition, subjects repeated the same procedure for their resting
blood draw and warm-up. The exercise order from baseline testing was used, and
subjects completed three sets of ten repetitions of each exercise at 90% of 10RM with
approximately 90 seconds of rest between sets, monitored using a stopwatch. If subjects
were unable to complete either of the first two sets of ten reps at the prescribed weight,
the weight was reduced for the remainder of the sets of that exercise based on NSCA
guidelines (Figure 3). The subjects remained in the lab for 60 minutes for additional
sample collection. Water was consumed ad libitum for all experimental sessions.

Biochemical measures were performed on blood drawn during the experimental
sessions. For each session, a resting draw (T1) was performed via venipuncture from an
antecubital vein by standard procedures. A vacutainer system (Becton Dickinson,
Rutherford, NJ, USA) was used to collect approximately 12 mL of blood into a serum
separator tube. Upon completion of the prescribed exercise bout, a cannula was placed
in an antecubital vein using standard procedures. A vacutainer system was then used to
collect 12 mL of blood from the cannula within 5 minutes post-exercise (T2) and 60
minutes post exercise (T3).

Blood Sample Preparation and Assays. After collection, tubes sat for 30
minutes before being centrifuged for 10 minutes at 4,750rpm (Allegra x-15R Centrifuge,
Beckman Coulter, Brea, CA). Serum was then transferred into microcentrifuge tubes and
stored at -80°C until analysis. Cytokine values were determined using a custom ordered
MILLIPLEX MAP Human Cytokine/Chemokine 9-Plex Magnetic Bead Panel (EMD

Millipore, Mahopac, NY). Growth Hormone levels were determined by hormone specific
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ELISA (Aviva Systems Biology, San Diego, CA).

Statistics. 2 (group) x 2 (condition) x 3 (time) multivariate analyses of variance
with repeated measures on time were conducted for growth hormone, IL-6, and IL-10.
Univariate follow ups were performed when significant multivariate effects were found.
Significance was set a p < 0.05. All statistical analyses were completed using SPSS
statistical software (IBM®, SPSS® version 23, New York, NY, USA).

Results

GH (figure 1) had a significant main effect for time (P<.05), a trend for condition
(P<.10), and a significant effect for time by condition (P<.05). In the END group, the AE
bout elicited a significantly higher GH value immediately post exercise than WT (T1: AE=
19.12£12.1ng/mL vs WT: 11.9+£8.9ng/ml, P<.05). In the RES group, a similar difference
between conditions occurred, however it only trended towards significance (T+1: AE=
32.03£29.6ng/ml vs WT: 19.31£17.1ng/ml, P=0.07). For IL-6 (figure 2), there was a trend
for a main effect of time (P<.10). There were no significant differences between groups
for either condition. There was a significant increase for the RES group during the AE
session (To= 12.43£20.0ng/mL vs T1= 16.28+23.8ng/mL, P<.05) with no other
differences seen between groups or condition. IL-10 (figure 3) had a trend for a main
effect of condition as well as time (P<.10). The RES group did not differ in its IL-10
response between the exercise conditions, but had a trend for an increase from Ty to T4
for both AE and WT (P<.10) and reached significance above baseline at T2 (WT: To=
11.2317.8ng/ml vs To= 31.72+17.7ng/mL; AE: To= 19.661£33.2ng/ml vs To=
30.531£27.3ng/mL, P<.05). The END group differed in their response to exercise type.
IL-10 values at rest were not different between conditions and displayed no change from
pre- to immediately post-exercise for both, however the AE bout elicited significantly
higher concentrations at 1 hr post exercise than the WT (T2: AE= 54.24+50.6ng/mL vs

WT= 27.33+29.4ng/mL, p<.05).
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Discussion

The effect of training background and acute exercise type were investigated to
assess biomarkers related to energy status and inflammation (GH, IL-6, IL-10). While
none of the factors had a clear or dominant influence over the response of each marker,
a general pattern is still present. The AE bout elicited a greater response in general,
from pre to post for GH and IL-6 or during recovery for IL-10. This general pattern makes
sense as GH and IL-6 both tend to respond during and peak at the cessation of
exercise, while IL-10 is further down the cascade, with the IL-10 response being
stimulated by rising IL-6 plasma concentrations. GH’s higher response during the AE
bout than the WT one points towards it's sensitivity to plasma FFA, which are expected
to be taken up by working muscle as a fuel source to a greater extent during an aerobic
session than a resistance one. The lack of significant difference in IL-6 response is
interesting as several of the resistance exercises required more full body muscle
activation (i.e. back squats and lunges), while the entire AE session was performed in a
seated position.

Total exercise bout duration was matched. However, inherent to the differences
in cycling vs resistance training, the AE bout resulted in a greater duration of muscle
contraction than the WT. Additionally, the AE bout continuously used the same muscle
groups in the exact same way throughout the bout, and even though there is inherently a
recovery portion to each cycling stroke, while one leg relaxes, the other is contracting
keeping the body in a constant level of exertion Meanwhile the WT led to increases and
decreases in specific muscle group utilization depending on the specific movement
being performed and the rest intervals between working sets may have allowed for
significant enough levels of recovery despite systemic activation. This difference in the
nature of the exercise sessions would explain why the differences in GH response

occurred in both the END and RES groups. Previous work has suggested the impact of
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intensity as a modifier of the overall biomarker response (Ostrowski et al., 2000;
Pedersen et al., 1998; Pritzlaff et al., 1999), however, in line with other studies, the
current investigation provides evidence that duration of muscle contractile activity is a
decidedly more potent factor.

The condition dependent difference in GH response, especially in the END group
contributes to previous work in GH’s role in sparing glucose. A higher GH concentration
during the AE bout indicates greater reliance upon fatty acid oxidation for energy than in
the WT bout. For the END group, the AE bout was likely of low enough intensity to allow
for them to remain efficient and productive while utilizing fatty acids, while the WT bout
was both a novel exercise type, and a much higher intensity level, necessitating
greater utilization of CHO as represented by the reduced GH response. Previous
resistance training studies on GH used subjects who were likely already better adapted
to the stimulus and, thus, were better able to continue using FFA during their session
than our END group. For the RES group, the lack of difference between conditions
points towards a reduced aerobic capacity in these individuals which caused the AE bout
to be of a sufficiently high intensity to necessitate continued CHO reliance for energy.
While not significant, the RES group tended to have higher GH values at T1 than the
END group when comparing the same conditions (AE: END T1= 19.12£12.1ng/mL vs
RES T1=32.03+£29.6ng/ml; WT: END T1= 11.9+£8.9ng/ml vs RES T4= 19.31£17.1ng/ml).
This may be indicative of a resistance training adaptation, perhaps stimulating greater
FFA use for recovery immediately after the exercise bout.

Interestingly, there was no difference in the IL-6 or IL-10 responses between
conditions for either group. The limited number of participants is a likely contributor to
the minimal significant results found. Individual variability in even resting values can
easily mask the overall response. Also contributing, the END group tended to have a

higher IL-6 value at all time points than the RES group for both conditions. Although this
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was not significant, this could point to an adaptation to aerobic exercise that maintains
slightly elevated circulating IL-6 values. The exercise type-independent cytokine
response implies other factors may have a greater influence over the body’s handling of
exertion than the nature of the acute bout itself. Given that the IL-6 response to exercise
is dependent upon the demands placed on the contracting muscle, the inherent
differences between the bouts in both intensity and duration of muscle contraction would
be expected to elicit differential response. While plasma IL-6 concentrations were not
different between bouts, it is unclear if this is due to similar changes in muscle IL-6
mMRNA content, or if another, post-transcriptional regulatory process is at play. Glucose
availability may not have been reduced significantly enough issue to elicit an increased
release of IL-6. Perhaps indicating a fast greater than 2 hours was needed. The
significant rise from To to T+ for only the RES group in the AE bout points towards IL-6’s
role as an energy sensor. The duration of the session, in a novel exercise type, at a
sufficiently high intensity, may have caused a greater stressor to the subjects than the
WT bout, leading to greater reliance on glucose as a fuel substrate, and thereby
depleting muscle glycogen stores..

The significant IL-10 responses without concomitant IL-6 responses serves as a
reminder of the complexity of the cytokine response cascade. While IL-10 is known to
respond to rises in IL-6, this study demonstrates that a significant IL-6 rise is not
necessary for IL-10 to respond. This could indicate that either IL-10 is sensitive enough
to IL-6 levels so as to respond significantly to only minor fluctuations, or that the
response is being stimulated by another signaling molecule and IL-6’s role as a regulator
in the cytokine response cascade is overstated.

In this study, exercise type and training background was investigated to
determine their roles in the GH, IL-6 and IL-10 responses to exercise. While significant

results were limited potentially due to sample size, a clear enough pattern was seen that
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confirms GH role in energy sensing and substrate utilization. The lack of IL-6 response
overall may be an unfortunate result of insufficient fasting before the exercise bouts.
Future studies may need to alter several factors, such as specific exercise modalities to
better control for muscle utilization (i.e. running in the aerobic sessions to incorporate
more than just the legs or remove weight training exercises that incorporate other
stabilizing muscles) and pre-exercise fasting period, or consider controlling for other,
potentially more influential, markers of intensity such as ventilatory threshold for aerobic

sessions.
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Table 1
END RES
Anthropometrics
Age (yr) 24.75+4.92 23.2+2.8
Height (cm) 177.315.8 173.1£8.1
Mass (Kg) 68.91+4 76.8+8.8
%Body Fat 10.1+4.1% 15.5+6%
Strength
Squat 10RM (Kg) 60.2+19.2 114.9+41.7
Leg Press 10RM
(Kg) 167.5+77.2 255.9+58.18
Lunge 10 RM (Kg) 41.4+14.27 52.5+9.37
RDL 10RM (Kg) 59.7+36.4 107.6+30.4
Aerobic Fitness
VO.ux (MmI/Kg/min) 57.7+7.5 41.5+3.7
PO @VO.ux (Watts) 293.5+48.8 221+25.3
VT (% of VO.u) 84.31+8.7% 61.746.2%

Table 1: Demographics of each subject group

46



Table 2:
Cycling VO..., Protocol

Wattage Elapsed time
1 70 3:00
2 100 +3:00 RES
3 130 +3:00
4 160 +3:00 END
5 190 +3:00
6 220 +3:00
7 250 +3:00
8 280 +3:00
9 310 +3:00
10 340 +3:00
11 370 +3:00
12 400 +3:00

Table 2. VOzmax Protocol. Rightmost column demarcates the average start for the
indicated group.



Table 3:
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Reps completed in set

Weight reduced for remaining sets

10 0%

9 22.6%

8 26.2%

7 210.6%
6 211.8%

Table 3: Weight reduction procedures during WT session
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Figure 1
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Figure 1: Growth Hormone. There was a significant main effect for time (P<.05), a
trend for condition (P<.10), and a significant effect for time by condition (P<.05).

For the END group, the AE bout elicited a significantly higher GH value immediately post
exercise than WT (T1: AE= 19.1£12.1ng/mL vs WT: 11.9+8.9ng/ml, P<.05) Denoted by *.
The RES group, a similar difference between conditions occurred, however it only
trended towards significance (T1: AE= 32.03+29.6ng/ml vs WT: 19.31+17.1ng/ml,
P=0.07).
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Figure 2
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Figure 2: IL-6. There was a trend for a main effect of time (P<.10). There were no

significant differences between groups for either condition.
There was a significant increase for the RES group during the AE session (To=
12.43+20.0ng/mL vs T4= 16.28+23.8ng/mL, P<.05) denoted with *. No other differences

were seen between groups or condition.
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Figure 3
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Figure 3: IL-10. There was a trend for a main effect of condition as well as time (P<.10).
The RES group did not differ in its IL-10 response between the exercise conditions, but
had a trend for an increase from Ty to T+ for both AE and WT (P<.10) and reached
significance above baseline at T2 (WT: To= 11.2317.8ng/ml vs To= 31.72+17.7ng/mL;
AE: To= 19.66+£33.2ng/ml vs T,= 30.53+27.3ng/mL, P<.05).

* denotes significant increase above baseline

The END group differed in their response to exercise type. IL-10 values at rest were not
different between conditions and displayed no change from pre- to immediately post-
exercise for both, however the AE bout elicited significantly higher concentrations at 1 hr
post exercise than the WT (T2: AE= 54.24+50.6ng/mL vs WT= 27.33+29.4ng/mL, p<.05).
# denotes significant difference between conditions at the same time point



