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Abstract

Background: Downhill running involves eccentric contractions of the gluteal, quadriceps, hamstring and
calf muscles and the lengthening of muscle fibres as they contract. Several studies have demonstrated that
this type of prolonged eccentrically biased exercise induces tissue damage and subsequent enhancement of

an inflammatory response.

Traumeel® S (Heel GmbH, Baden-Baden, Germany) is a homeopathic-complex used to treat trauma and
inflammatory processes that is sold as an over the counter remedy in pharmacies. Although the anti-
inflammatory and analgesic effects of Traumeel® S have been demonstrated in selected clinical trials as

well as in in vitro experimental models, little is known of its scientific mechanisms of action.

Aim: The aim of this study was to establish whether administration of Traumeel® S five days before and
three days after a 90-minute downhill treadmill rin at 75% VO, peak significantly changes systemic
markers of the inflammatory response. These are to include blood-borne concentrations of cortisol and
examples of selected T-helper,-cell cytokines, T-helper;-cell cytokines, chemokines and pro-inflammatory

cytokines during the three days following the 90-minute downhill run.

Method: This study was designed as a double-blinded, placebo-controlled clinical trial in which matched
subjects were randomised to Traumeel (TRAU) and Placebo (PLAC) pairs and exposed to two 90-minute

downhill running trials.

Twenty subjects (12 men, 8 women) aged between 20 and 50 years, fully complied with all inclusion
criteria set for the study. Following baseline laboratory and field testing, they were matched according to
gender, body mass index (BMI), training age, training status, peak running performance and foot-strike
patterns and randomized into TRAU and PLAC groups. One Traumeel® S tablet was ingested three times
per day for five days prior to and three days following a 90-minute downhill run on a treadmill at a -6%
gradient and at a speed eliciting 75% VO, peak on a level gradient. Blood samples were obtained
immediately before the 90-minute trial (PRE), immediately after the trial (IPE} and 24 hours (24 PE), 48
hours (48 PE) and 72 hours (72 PE) following the trial. Each subject was also requested to complete a
training record prior to the trial and keep a record of the daily symptoms of delayed onset muscle soreness

(DOMS) both at rest (general pain) and while walking (daily living).

Full blood counts, serum creatine kinase (CK) and cortisol concentrations were determined using standard
haematological laboratory procedures. A sandwich ELISA was used to determine plasma interleukin-6

(IL-6) concentrations. A commercial bead-array kit was used to conduct flow cytometric analysis of
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Interleukin-8 (IL-8), Interleukin-1Q (IL-10), Tumour Necrosis Factor alpha (TNFa), and Interleukin-12p70

(IL-12p70) concentrations.

Results: Paired student #-tests indicate that the mean = SEM of the two groups was not significantly
different (p < 0.05) in terms of age, BMI, percentage body fat, training age, foot strike patterns, running
performance, FVC, FEV,, baseline heart rate and blood pressure, RERmax, VO, peak, VE,,;, or training
status. Although the TRAU group completed the 90-minute downhill running trial at a significantly faster
speed (13.3 £ 2.1 vs. 12.8 0.3 km.hr; p = 0.02) and covered a greater distance (20.1 £ 0.3 vs. 19.34 +
0.4; p = 0.03), mean and maximum heart rate and RPE did not differ between trials in the TRAU and
PLAC groups. The downhill running protocol resulted in significant increases in neutrophil counts and
creatine kinase, cortisol, IL-6, IL.-8 and IL-10 concentrations in the circulation (n = 20; p < 0.001). When
comparing the TRAU (n = 10) and PLAC (» = 10) groups, blood neutrophil counts, creatine kinase,
cortisol, and I.-6 concentrations over the 5 time points and PRE, IPE and 24 PE plasma TNF, IL-8, [L-10
and IL-12p70 concentrations did not differ significantly (p > 0.05). Blood creatine kinase was, however,
significantly higher in the TRAU group at 24PE (p < 0.05). The post-trial DOMS scores reported by the
TRAU group over the 3-day post-exercise recovery period were also significantly lower in the TRAU
group at 24PE (p = 0.03).

Conclusion: Despite a faster running speed and higher post trial CK concentration in the TRAU group
following the 90-minute downhill run, statistically significant differences in circulating stress hormone,
and cytokine concentrations (IL-6, IL-8, IL-10, TNFo and IL-12p70) between the TRAU and PLAC
groups, were not identified. Delayed onset muscle soreness was also significantly lower in the TRAU
group at 24 hours post trial (p = 0.03). While these findings would support attenuation of the post-exercise

inflammatory response by Traumeel® S, further work is required to verify this possibility.
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Chapter 1

Introduction

1.1. Introduction to the Problem

Exercise of an intense and prolonged nature has been known to cawse microscopic muscle damage,
generating an inflammatory response and causing numerous immune perturbations (Peters, 1997; Nieman,
2000; Pedersen, 2001). This is particularly evident after downhill running, during which the eccentric work
of the 'anti-gravity' knee extensor muscles and the anterior and posterior tibial muscles as well as the hip

extensors is accentuated and the muscles are forcibly lengthened while contracting (Eston et al., 1995).

Post-exercise leukocytosis has been reported to occur within a few hours after the cessation of intense
prolonged exercise (McKinnon, 1999, Nieman, 2000). This is attributed to immediate post-exercise
neutrophilia and subsequent monocyte migration to the site of tissue disruption which begins several hours
after neutrophil migration (Moshage, 1997). Following eccentric exercise, the debris produced by the
muscle damage activates macrophages resident in the muscle tissue, which produce polypeptide messenger
molecules known as cytokines. These play an important role in the inflammatory response and the

subsequent clearance of the cell debris from the site of exercise induced muscle damage (Suzuki, 2002).

1.2. The Effect of Traumeel On Inflammatory Markers in the Blood

Traumeel® S (Heel GmbH, Baden-Baden, Germany) is a homeopathic-complex remedy used to treat
trauma and inflammatory processes. It is a mixture of highly diluted (10'-10°°) extracts from medicinal
plants and minerals that is sold as an over the counter remedy in pharmacies in many countries. Its anti-
inflammatory and analgesic effects have been demonstrated in clinical trials as well as in in vivo

experimental models, including the carrageenin-induced oedema test and the adjuvant arthritis test

(Conforti ef al., 1997; Schmotz, 1998).

Traumeel® S has been reported (0 be non-cytotoxic to granulocytes, lymphocytes, platelets and
endothelial cells and the intracellular processes of these cells are not impaired by Traumeel® S {Conforti
et al., 1997; Porozov et al., 2004). The anti-inflammatory effect has been proposed to be the result of the
activity of single components on the different phases of inflammation (Conforti ef al., 1997, Porozov et al..
2004). Its efficacy in attenuating inflammatory processes involving muscles and joints, sprains and bruises
has been demonstrated in placebo-controlled experimental and clinical studies (Conforti et al., 1997; Heine
and Schmotz, 1998; Porozov et al., 2004). The mechanism by which Traumeel® S exerts its therapeutic
effects however, remains to be clarified and its possible effects on the behaviour of immune cells, requires

detailed investigation.



In vitro experiments revealed that interleukin-1p (IL-1p) activation was reduced by up to 70%. tumor
necrosis factor-o. (TNF-0) activation was reduced by up to 65% and interleukin-8 (I1.-8) activation was
reduced by 50% following the administration of Traumeel® S (o in virre immune cells (Human T cells,
monocytes, and gut epithelial cells). Traumeel® S did not appear to affect T-cell and monocyte
proliferation and maximal inhibition was maintained with dilution of the Traumeel® § stock material
(Conforti et al., 1997; Porozov et al., 2004). In studies conducted on whole blood cultures, elevations in
the concentration of Transforming Growth Factor Beta (TGF-8), which is a cytokine synthesized by Type
3 T-Helper (Th3) lymphocytes, were reported after administration of Traumeel® S (Heine & Schmotz,
1998).

In an in vivo study conducted by Jordaan (2006), 50 actively participating marathon runners were divided
into a control (#» = 24) and an experimental group (# = 26). The subjects used the Traumeel® S or placebo
administration for seven days and followed their normal training programme. On the eighth day subjects
underwent a downhill run on a treadmill at 75% of peak treadmill speed for 45 minutes at a gradient of -
10%. Post exercise blood samples were drawn at the same time of day for four days (24hr, 48hr, 72hr, and
96hr post-exercise). The results of this study did not reveal significant changes in serum creatine kinase
concentrations, or neutrophil, monocyte, basophil, eosinophil and lymphocyte counts. It was, however,
reported that circulating cortisol concentrations in the Traumeel® S group were higher than in the placebo
group at 48hr, 72hr and 96hr post-exercise, although immediate post-exercise concentrations were not

reported (Jordaan, 2006).

The aim of the study is therefore to extend upon the work conducted by Jordaan (2006), focusing more

deeply on systemic markers of inflammation with specific reference to cytokines.

1.3. Aims and Objectives of the study

1. To determine whether 90-minutes of downhill treadmill running at 75 % VO, peak results in an
clevation of neutrophils, muscle enzyme (creatine kinase; CK), stress hormone (cortisol), type |
T-helper (Thl) cytokine (IL-12p70), type 2 T-helper (Th2) cytokine (IL-6, IL-10), chemokine (IL-

8) and pro-inflammatory cytokine (TNF-¢) concentrations in the circulation,

2. To establish whether administration of Traumeel® S five days before and for three days after 90-
minute dowuhill run significantly attenuates the above-mentioned systemic markers of muscle

damage and/or an inflammatory response during the 72 hours following the trial.



1.4. Hypotheses
In keeping with the consistent findings in the literature regarding inflammatory response to downhill
running and eccentric exercise (Pedersen ef af., 1999; Malm er al., 2004 Peake er al., 2005a; McKune er

al., 2006), the following one directional alternate hypothesis was set:

Downhill running will result in an elevation of neutrophil count, creatine kinase, cortisol and

profanti- inflammatory cytokine concentrations in the circulation.

In the absence of consistent findings in in vivo exercise intervention studies following administration of

Traumeel® 8§, the following null hypothesis was set prior to the onset of the work:

Administration of Traumeel® S will not induce changes in post-exercise circulating stress
hormone, 1L-12p70, IL-6, IL-10, IL-8 and TNF-@ concentrations following a 90-minute downhill
run at 75% VO,

1.5. Limitations and Scope of the study

Due to the undisputed evidence which is now available regarding the repeated bout effect viz. the adaptive
response to acute repeated exposure to similar bouts of eccentric exercise (Nosaka et al., 2005; McHugh,
2003, Nosaka and Newton, 2002; Stupka er af., 2001), it was not possible to conduct a crossover study. In
order to eliminate a training effect as a potential confounder in the study, this double-blind, placebo-
controlled study was therefore designed using pairs of runners who were as closely matched as possible to
ensure sufficient external validity. As it was also necessary to design this study within the framework of
financial constraints as well as difficulty in obtaining full compliance from the subjects, the sample size

was restricted to 10 gender-matched couples (n = 20).

Two groups of ten (r = 20) uliradistance mnners, who were matched for gender, Body Mass Index (BMI),
training age, training status as well as at least two of the following: running biomechanics (foot-strike
pattern), peak oxygen consumption { VO, peak), 1609m running time and/or best performance in endurance
running events within six months prior to commencement of the study, were randomised to Traumeel

(TRAU) and Placebo (PLAC) trials in a strictly double-blinded protocol.

After field testing on an athletics track and maximal exercise test in a Human Performance Laboratory,

each subject completed a -6 % downhill 90-min treadmill run at 75% VO, peak.

Each subject ingested ¢ither a Traumeel preparation or a placebo (in tablet form) provided by Heel Pty
Lid., three times a day for five days prior to the 90-minute downhill trial. Circulating concentrations of

neutrophils, CK, cortisol, and cytokine concentrations (TNFo, IL-6, IL-8, IL-10, IL-12p70), were



measured from venous blood samples taken pre-, immediately post (IPE), 24 hours post (24PE), 48 hours
post {48PE) and 72 hours post (72PE) each exercise-trial, to establish whether a significant difference
existed between each of the trials over the 4-day post-exercise recovery time-period., Subjective
perceptions of post-exercise delayed onset muscle soreness (DOMS) were also monitored during the 72

hours following each exercise trial.



Chapter 2

Review of the Related Literature

2.1. Eccentric Exercise and Muscle Damage

Prolonged strenuous exercise has been shown to cause perturbations in immune function (Pedersen and
Hoffman-Goetz, 2000). For a few hours following heavy exertion, several components of the innate and
adaptive immune system are changed; white cell and neutrophil counts are raised, while lymphocyte
numbers are reduced {(Nieman, 2000). Many theories have been proposed as to the mechanisms behind this
temporary alteration in immune function, including hormone-induced trafficking of immune cells and the
direct influence of increased concentrations of stress hormones, prostaglandins, cytokines, leukocytes and

expression of adhesion molecules (Suzuki et al., 1999, 2000; Smith ¢z al., 2000).

Several studies have demonstrated that unaccustomed eccentrically biased exercise which involves
lengthening of muscle while it is contracting, induces tissue damage. Although downhill running is a
functional activity involving both concentric and eccentric contraction, there is a longer period during
which the knee extensors and ankle flexors are being actively strained and the anterior-posterior braking
impulse is almost double that of the propulsive impulse than during level running (Eston et al., 1995),
Towards the end of the recovery phase of the downhill running gait, the hamstring muscles contract
eccentrically to decelerate the forward swing of the lower limb that was initiated by the quadriceps
(Petersen and Holmich, 2005). The knee extensor muscles then contract as they are lengthened after the
foot touches the ground and the centre of mass is decelerating. In the lower leg, the ankle plantar flexors
also work eccentrically to contro! the forward movement of the leg over the foot in early stance phase and
facilitate heel lift, while ankle dorsiflexors have an eccentric work component as they control the descent
of the forefoot. Following downhill running, eccentric muscle contraction therefore occurs in the gluteal,

quadriceps, hamstring, and both anterior and posterior tibial muscles (Paul ef al., 1978; Eston et al., 1995).

MaclIntyre er al. (1995) suggest that eccentric exercise results in a greater amount of tension per active
motor unit than concentric contraction during which the muscles shorten while contracting. Peake (2005a)
further describes how during repeated eccentric contractions, first the weak and then the stronger
sarcomeres, are progressively overstretched and the failure of the sarcomeres to reconnect, results in their
disruption. When the muscie lengthens in an eccentric contraction, there may also be shearing of the
myofibrils, specifically at the obliquely arranged fibres which occur at the musculotendinous junction
(Noonan and Garrett, 1992). Ultrastructural damage occurs to the Z disks that anchor the myofilaments
and several intermediate filaments within the sarcomere. Z disks appear to widen or disintegrate. While

regional disorganisation and transverse tubule damage have been identified in electron microscopic studies



(Proske and Morgan, 2001; Grobler et al., 2004}, this structural disruption has also been reported to spread
to adjacent areas of the muscles and can ultimately lead to damage to the membranes of the sarcoplasmic
reticulum or the sarcolemma (Friden and Lieber, 2001). Disturbances of mitochondria, A-band and
separation of the myofibrils have been reported (Peake, 2005a). In addition to the loss of cellular integrity
which occurs early during heavy eccentric exercise, exercise-induced tissue damage has also been shown
to include loss of the non-contractile cytoskeletal proteins, desmin, titin, nebulin and alpha-actin (Stupka et
al., 2000; Friden and Lieber, 2001; Amat ef al., 2007).

Several theories have been postulated in order to explain the increased muscle stiffness observed following
eccentric exercise. It is proposed that the acute decrease in muscle compliance could be due to an increase
in the Ca™ ions released following myofilament and sarcolemmal disruptions (Fridén and Lieber, 1992;
Jones et al, 1997, Whitehead er al, 2001). Swelling which may occur in and around the muscle and

increase the pressure on adjacent structures, may also result in greater stiffness (Ross, 1999).

Damage to the muscle membrane also causes the leakage of muscle proteins including CK, lactate
dehydrogenase, troponin-1, alpha-actin and myoglobin into the blood steam (Malm, 1999, Peters et al,
2005, Amat et al., 2007). Abnormally high circulating levels of enzymes such as CK are therefore taken to
reflect changes in the integrity of muscle fibre membranes, either as a result of damage to, or increased
permeability of the membrane to the enzyme (Eston er al., 1995). Elevated serum concentrations of CK
have consistently been measured following eccentric activation of muscle as occurs during downbhill
running. When compared to the normal reference range for CK of 45-135 wL (Hirose ef al., 2004),
Mckune et al. (2006) found that a 60—minute bout of downhill running at a -13.5% gradient resulted in
mean CK concentrations of 1241 (x 134.6) WL six hours post-exercise, 1133.7 (x 118.1) w/L 12hr post-
exercise and 8268 (x 105.3) wL 24hr post-exercise. Jordaan (2006) reported pre-exercise CK
concentrations in the blood of 231 (= 171) WL in the Traumeel® S group and 324 (x 439) WL in the
placebo group, while 24h post exercise CK concentrations reached 422 (+ 424) WL in the Traumeel® S

group and 599 (x 448) /L in the placebo group, returning to pre-exercise levels by 48hrs post-exercise.

The clearance of muscle cell debris from the site of exercise-induced muscle damage is initiated by
macrophages that are resident in muscle tissue. They produce cytokines which increase cell membrane
permeability and the influx of lymphocytes, neutrophils, monocytes to the damaged tissue, and activate the
release of cortisol from the adrenal cortex and acute phase proteins from the liver. This facilitates an
inflammatory reaction and results in the clearance of the cell debris and subsequent healing of the tissue
(Pedersen, 2000; Pedersen and Hoffman-Goetz, 2000; Pedersen ¢t ai., 2001},



2.2. Cytokines and Exercise

2.2.1. Introduction

Cytokines are a diverse family of intracellular polypeptides that have a signaling function and exert
important influences on inflammatory and immune processes as well as hematopoesis (Suzuki er al.,
1999). They are divided into several different families including the interleukins, tumor necrosis factors,
growth factors and colony stimulating factors (Smith, 2000). These have also been classified according
their functions into those that mediate natural immunity, regulate lymphocyte activation, growth and
differentiation, activate inflammatory cells, and stimulate hematopoesis (Suzuki et al., 1999,2000;
Pedersen et al., 2001; Suzuki et al., 2002). Table 2.1.outlines some of the most commonly measured

cytokines which fall into these categories, the cells which secrete them, their target cells and their

general functions in the immune system.

Table 2.1: Five categories of cytokines commonly measured in exercise studies*

Cytokine Secreted by  Targetcells  Selected Primary Functions
Classification
Pro-Inflammatory
cytokines
TNF-o Macrophages Macrophages, Induction and expression of adhesion molecules on
mast cells, NK  tumor cells leucocytes and induction of inflammatory response
cells which activates vascular endothelium increasing its
permeability and expression of IL-f3; IL-6; IL-8
IL-1¢x Macrophages, T helper cells, Co-stimulation of Thl cells, maturation and
Monocytes B cells, proliferation of B cells, activation of NK cells,
NK cells inflammation, acute phase response, fever
IL-1B Dendritic cells, Th cells, Co-stimulation of Th2 helper cells, maturation and
B-cells, B cells, proliferation of B cells, activation of NK cells,
macrophages NK cells inflammation, acute phase response, fever
Anti-inflammatory
cytokines
IL-4 Th2-cells, Activated B Proliferation and differentiation of Th-cells,
memory CD4+  cells, T cells IgG, and IgE synthesis, mediates recruitment and
macrophages, activation of mast cells
IL-10 Th2 cells B cells, Inhibition of macrophage derived release of TNF-oy
Macrophages IL-2, IL-3, IFN-y, suppress antigen presentation by
macrophages
Immunomodulatory
cytokines
IL-2 Thi-cells Activated T and  Stimulation of the growth and proliferation of Th1-
B cells, NK cell lymphocytes, facilitate production of
cells immunoglobulins made by B cells and induces the
differentiation and proliferation of NK cells
IL-5 Th2-cells Activated B Proliferation and differentiation
cells IgA synthesis
IL-12 Macrophages Activated T Differentiation into CTL
and B-cells cells, (with IL-2), activation of NK cells
NK cells
IFN-y Thi-cells, Macrophages Viral replication
Te-cells, NK activated B MHC I expression, Ig class switch to IgG2a,
cells cells, Th2 cells  pathogen elimination



Multifunctional

Cytokines
IL-6 Monocytes, Activated B Differentiation into plasma cells, antibody secretion,
Macrophages cells, adipose activates the acute phase response, stimulates
Th2-cells, cells, muscle immune response to tissue damage following
Stromal cells, cells, trauma, involved in regulation of hematopoesis,
Muscle cells Plasma cells, stimulation of cortisol release from adrenal medulla,
Stem cells signal in the synthesis of plasma proteins
TNF-B Th1 and Tc- Phagocytes, Phagocytosis, cell death
cells tumor cells
TGF-8 Th3-cells, Monocytes, Increasing IL-1 production by activated
Monocytes Macrophages macrophages, inducing a class switch to IgA
Activated B proliferating B cells
cells Acting as chemoattractant for monocytes and
macrophages
Inhibiting the proliferation of cells required for the
inflammatory process
Chemokines
IL-8 Macrophages, Neutrophils Chemotaxis of neutrophils, basophils, eosinophils,
Endothelial T-lymphocytes
cells
Colony stimulating
factors
GM-CSF Th-cells Progenitor cells  Growth and differentiation of monocytes and DC

MHC: Major histocompatibility complex; NK cells: Natural killer cells, CAM: Cell adhesion molecules, IgA: Immunoglobulin A,
CTL: Cytotoxic T Lymphocytes, Tc-cells: Effector cytolytic T lymphocytes. *Suzuki ef al., 1999; Pedersen et al., 2001; Suzuki et
al., 2000, 2002; Smith, 2000; Bagby et al., 1996; Peters, 2004; Pedersen and Hoffman-Goetz, 2000.

2.2.2.2. Pro-Inflammatory cytokines

2.2.1. Tumor Necrosis Factor Alpha (TNF-o)

Tumor Necrosis Factor Alpha (TNF-0), also sometimes referred to as cachexin and cachectin, initiates the
systemic inflammatory response and is an important component of the acute phase reaction mediating
hepatic release of several acute phase proteins. It is secreted mainly, but not exclusively, by macrophages
and NK cells (Smirnova et al., 2003). It is also produced by other cells including lymphoid cells, mast
cells, endothelial cells, cardiac myocytes, adipose tissue, fibroblasts and some neuronal tissue. It primarily

targets macrophages and tumor cells.

The synthesis and release of TNF-ol by tissue macrophages that are activated after engulfing and degrading

foreign or microbial organisms, has important local and systemic effects. The major local effect of TNF-o
is to initiate an inflammatory response. The vascular endothelium is activated resulting in an increase in
vascular diameter and leading to increased local blood flow and redness. Vascular permeability is also
increased resulting in the accumulation of fluid (swelling), immunoglobulins, complement and other blood

proteins (Tracey and Cerami, 1993; Bagby et al., 1996; Ganong, 2005).



TNF-a is also instrumental in inducing the expression of adhesion molecules on the endothelium. These
bind to the surface of leukocytes and increase the rate at which these cells (particularly neutrophils),
diapedese through small blood vessel walls into the tissues. In this manner large numbers of monocytes
and polymorphonuclear leukocytes migrate to the site of infection or inflammation (Nieman, 1997; Malm
et al., 1999; Pederson and Toft, 2000).

A further important molecular change induced by TNF-o at the endothelial cell surface is induction of the

expression of molecules that trigger blood clotting in small blood vessels. This assists in containing the
inflammatory response and preventing its spread into the blood stream which can be deleterious (Ganong,
2005; Stenvinkel et al., 2005; Juge-Aubry et al., 2005).

TNF-o. has various functions including pro-inflammatory cytokine expression, apoptosis (cell death),
cellular proliferation and differentiation, tumorigenesis, and viral replication. Its primary function is,
however, the regulation and mediation of an inflammatory response. When this function is altered, and

over or underproduction of TNF-at occurs, a variety of human diseases and syndromes, ranging from the

overtraining syndrome (OTS) experienced by some athletes to malignancy, have been reported to occur
(Tracey and Cerami, 1993; Taylor, 2002; Smirnova et al., 2003; Smith, 2004; Stenvinkel et al., 2005;
Juge-Aubry et al., 2005).

In conjunction with the IL-1 family and IL-6, TNF-o also has many effects on end organs such as the liver

and hypothalamus as a result of their secretion into the circulation. These are summarized in Table 2.2.

Table 2.2: The effects of TNF-c on end organs

Organ/Tissue Effect

Liver Stimulates and mediates the acute phase response and consequently increase
circulating concentrations of C-reactive protein (CRP) and other mediators. It causes
insulin resistance by promoting serine-phosphorylation of insulin receptor substrate-1,
which inhibits insulin signaling.

Macrophages Activates phagocytosis, production of [L-1 and the inflammatory lipid prostaglandin
E, (PGE;).

Hypothalamus Activates the hypothalamic-pituitary-adrenal axis causing the release of corticotropin
releasing hormone (CRH), appetite suppression and pyrexia.

Other tissue: Attracts neutrophils very strongly and aids in their adhesion to endothelial cells.

Increasing concentration of TNF will cause the cardinal signs of inflammation to
occur: heat, swelling, redness, clotting and pain.
High systemic concentrations of TNF may precipitate shock-like symptoms.

*Tracey and Cerami 1994:-“I"aylor. 2002; Smirnova et al., 2003; Juge-Aubry et al., 2005; Smith, 2003; 2004)

Release of TNF-o into the bloodstream can, however, also have damaging effects. These include systemic
oedema, hypoproteinemia and neutropenia associated with disseminated intravascular coagulation,

depletion of clotting factors, multiple organ failure and death (Stenvinkel et al., 2005; Juge-Aubry et al.,
2005).



Several exercise studies have examined concentrations of TNF-a post exercise. These are summarised in
Table 2.3. Although some studies revealed a slight mean increase, ranging from 0.1 to 4.3 fold,
immediately post exercise (Ostrowski er al., 1998a, 1999; Nieman et al. 2000; Toft er al., 2000; Starkie et
al., 2001; Smith et al., 2007), the reported values all remain within physiologically normal ranges (Suzuki
et al., 2002),

Numerous reports (Croisier et al, 1999; Toft e al, 2002; Hirose ef al., 2004) in particular those following
eccentric exercise (Hirose et al., 2004), however, indicate that there is not a significant exercise-induced
increase in this pro-inflammatory cytokine concentration in the circulation during exercise. Several
factors may account for this. On the one hand, the half-life of circulating TNF- is short (14 - 18
minutes) and the kidney is a major organ for TNF clearance. A rapid renal clearance from the circulation
into the urine has therefore been suggested as one of the reasons for the failure of TNF-¢ concentrations
in venous blood to be elevated post exercise (Suzuki er al., 2002). Exercise has also been shown to
stimulate the release of soluble TNF-ot receptors which inactivate systemic TNF-o release (Ostrowski er

al., 1999b).

2.2.2.2, Interleukin 1P (IL-1pB)

Interleukin-1f is a pro-inflammatory cytokine which is involved in the defence against foreign pathogens.
It is produced by activated macrophages, dendritic cells and B-cells (Ganong, 2005). It targets T-helper
(Th) cells, B-lymphocytes, NK cells and is responsible for the co-stimulation of Th2-cells, the maturation

and proliferation of B cells, and the activation of NK cells. (Bagby er al., 1996; Pedersen and Hoffman-
Goetz, 2000; Smith, 2000; Suzuki et al., 2002; Peters, 2004).

As does TNF-g, it has been shown to increase the expression of adhesion factors on endothelial cells to
enable the movement of leukocytes to the infection site in the tissue (Ganong, 2005, Stenvinkel er al.,
2005). It also helps to activate thermoregulatory center in the hypothalamus, leading to an elevation of
body temperature (pyrexia) and is therefore referred to as an endogenous pyrogen (Bagby et al., 1996;
Huising er al., 2004; Juge-Aubry ef al., 2005). Its production in peripheral tissue has also been associated
with hyperalgesia (increased sensitivity to pain) associated with pyrexic states (Dinarello, 1994; Dunn et
al., 2001; Juge-Aubry et al., 2005). In keeping with these systemic effects, Smith (2003; 2004) reported
that increased levels of interleukin 18 may be responsible for the effects of over training syndrome (OTS)

in endurance athletes,

Pro-inflammatory cytokines act in concert with specific cytokine inhibitors and soluble anti-
inflammatory cytokine receptors (the IL-1 receptor antagonist (IL-1ra}, TNF-a receptors, IL.-4, and IL-

10) to regulate the inflammatory response to exercise induced microtrauma (Richards and Gauldie,



1995), thus their physiologic role in inflammation and pathologic role in systemic inflammatory states

are increasingly recognized (Dinarello, 1994; Richards and Gauldie, 1995).

The reported changes in IL-1B concentration in venous blood following exercise longer than 2hrs
duration is summarized in Table 2.3. Although a few studies have reported increases in concentration of
up to 200% (Nieman et al., 2000; Ostrowski et al., 1999), Ostrowski et al. (1998b) only report increases
of 50% and other studies have reported no change (Suzuki et al., 2000).

The inconsistencies in the literature with regard to IL-1B levels following exercise are attributed to
different measurement intervals, differing measurement techniques and differences in exercise protocols
between studies (Ostrowski ez al., 1998b; 1999; Suzuki er al., 2002; Smith et al., 2007). A further factor
to which inconsistencies could be attributed, is failure to adjust for the haemoconcentration which so

frequently occurs following prolonged intense exercise (Mucci et al., 2000).

It has been reported that the relatively lesser increment in TNF-o and IL-1p concentrations may be due to
the release of the above-mentioned cytokine inhibitors in the blood (including IL-1ra, TNF-c. antagonists

and the anti-inflammatory cytokine IL-10). These may restrict the magnitude and duration of the pro-

inflammatory response to exercise (Ostrowski ef al., 1998b; 1999; Suzuki er al., 2002; Smith et al., 2007).

Table 2.3 Pro-Inflammatory response to endurance exercise longer than 2hr in duration with
specific emphasis on TNF-o and IL-1p concentrations in venous blood

Suzuki er al, 2003

3h 25min
10 male endurance athletes, 42 km marathon

(Post 2h), NC (Days | and 2
TNF-e<: Pre, Post (ND): <4.3 pg/ml);
IL - 1B: ND

Author/s Methodology Results/Changes Assay/
Ostrowski et al., 16 male marathon runners, marathon race, TNF-e< 2.5 1 (Post), 1.9 1 (Post 2h), Elisa, P
1998b mean: 3h, 17min IL - 1B: 50% 1 (Post), NC (Post 1-4h
Ostrowski et al., 10 male marathon runners, marathon race, TNF-e< 2 times 1 (Post-Post 1.5h)), Elisa, P
1999 mean: 3h, 27min Gradually] to NC (Post 3.5h), IL -

1P: 1.5 -2 times T (Post-Post 0.5h),
NC (Post 1-4h,
Nieman et al., 2000 98 marathon runners, marathon race, mean: TNF-= 10% 1 (Post), NC (Days | Elisa, P
3.8h and 2), IL - 1B: 2 times 1 (Post), NC
(Days 1 and 2
Peters et al. 2001a 16 runners, 90km ultramarathon, 9-10h TNF-e< NC (Pre, Post, 24h and 48h Elisa, P
post)
Peters et al., 2001b 29 runners, 90km downhill ultramarathon, TNF-e< NC Pre, Post, 24h and 48h Elisa, P
9-10h post) IL-1B: NC Pre, Post, 24h and
48h post)
Starkie et al., 2001 5 male runners, marathon race, Zh-31min - TNF-e< 4.3 times 1 (Post), 4 times 1 Elisa, P

NC: No change; ND: non detectable; P: Plasma
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2.2.3. Multifunctional Cytokines

2.2.3.1. Interieukin-6 (IL-6)

IL-6 is one of the most frequently measured cytokines in exercise immunology. Secreted by T-cells,
fibroblasts, vascular endothelial cells and macrophages to stimulate the immune response to tissue damage
following trauma (Bagby et al., 1996), it is produced in larger amounts than any other cytokine following
exercise. It has also been found to be produced by muscle during exercise and has hence been referred to
as a myokine (Pedersen et al., 2001). Its level is markedly increased in plasma following activity involving
severe eccentric exercise and has been reported to increase by more than 100 fold following marathon and

ultra-marathon races. (Ostrowski ef al., 1999; Starkie et al., 2001; Table .2.4).

Increased plasma concentrations of IL-6 have been shown to act on the hypothalamic pituitary axis (HPA)
at three levels:

1. the hypothalamus by stimulating secretion of corticotropin releasing hormone (CRH)

2. anterior pituitary corticotropes by eliciting adrenocorticotropic hormone (ACTH) release

3. the adrenal gland by enhancing steroid hormone secretion by adrenocortical cells

Sstimulation of the adrenal cortex to increase its release of cortisol into the blood stream has in turn been
shown to stimulate the release of a number of compensatory anti-inflammatory cytokines, such as IL-10
and IL-1 receptor antagonists (Bagby ef al., 1996; Suzuki et al., 1999; Pedersen and Hoffman-Goetz,
2000; Suzuki et al., 2000; Smith, 2000; Pedersen et al., 2001; Peters, 2004).

IL-6 also causes hepatocytes to synthesize plasma proteins such as fibrinogen which contribute
significantly to the acute phase response (Tilg et al., 1994; Suzuki er al., 1999). The activation pathway of
IL-6 in the production of plasma proteins is different, but contributes to the pathways that are activated by
other cytokines such as IL-1 and TNF-e<1n the production of similar plasma proteins. [L-6 is also a co-
stimulator of T-cells and of thymocytes and is a co-factor, together with other cytokines, for the production

of haematopoetic cells from the bone marrow and subsequent exercise-induced neutrophilia (Tilg er al.,

1994; Suzuki er al., 2002; Smith, 2000; Pedersen er al,, 2001}

Although Interleukin-6 has in the past been referred to as an “inflammatory” or “proinflammatory
cytokine,” the current trend is to classify it as an “inflammation-responsive” or anti-inflammatory
cytokine rather than a pro-inflammatory cytokine, since IL6 does not directly induce inflammation , but
reacts to it (Pedersen er al., 1998, Ostrowski et al., 1999; Steensberg et al., 2003; Peters, 2004). Smith
(2003, 2004) suggests that increased levels of this cytokine in the circulation are also related to the

systemic effects associated with over training syndrome (OTS).
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It has been shown that contracting skeletal muscles produce large amounts of IL-6 and that muscle
contractions per se are a stimulus for the production of muscle-derived IL-6. Many studies have revealed
that IL-6 mRNA is markedly elevated in muscle biopsies carried out post exercise (Ullum et al., 1994,
Ostrowski et al., 1998; Malm et al., 2000; Keller et al., 2001; Starkie et al., 2001; Steensberg et al.,
2001; Malm et al., 2004). The increase has been shown to be greatest when muscle mass recruitment is
greatest. Treadmill running has therefore been found to elicit a greater release of IL-6 into the circulation
than cycle ergometry. Circulating concentrations of IL-6 have been found to be considerably lower

following downhill running than uphill running or running on a level terrain (Ostrowski et al., 1998b).

In addition, it is also evident that in eccentric exercise the IL-6 kinetics differs greatly from that of
concentric exercise as shown by Bruunsgaard et al. (1997). Therefore, in concentric exercise, the IL-6
levels increase during exercise and decrease immediately after cessation of the exercise (Steensberg et
al., 2001). In contrast, the modest, prolonged increase in IL-6 is found after eccentric exercise is likely to

be a sign of repair mechanisms after muscle damage (Bruunsgaard et al., 1997).

Many studies have demonstrated increased levels of IL-6 (up to 128 times) following bouts of severe
eccentric exercise such as downhill and marathon running (Ostrowski er al., 1998b; 1999; Singh et al.,
1999, Nieman et al., 2001, Starkie et al., 2001; Peters et al., 2001; Smith et al., 2007). These high levels
are primarily attributed to the muscle damage associated with severe eccentric exercise (Pedersen and
Hoffman-Goetz, 2000) and as a response to the subsequent activation of the pro-inflammatory cytokine
cascade (Singh et al., 1999; Nieman et al., 2001; Pedersen, 2000; Pedersen and Hoffman-Goetz, 2000;
Pedersen et al., 2001).

Table 2.4 Inflammatory response to endurance exercise longer than 2hr in duration with specific

emphasis on IL-6 concentrations in venous blood

. Author/s  Methodology  Results/Changes  Assay/Sample
Ostrowski et al., 16 male marathon runners, marathon 63 times 1 (Post), 15 times Elisa, EP
1998B race, mean: 3h, 17min (Post 2h)

Ostrowski et al., 10 male marathon runners, marathon 128 times but gradually Elisa, EP
1999 race, mean: 3h, 27min declined thereafter
Singh et al., 1999 10 female trained runners, Run, 65%- 80% 1 (During 30min), 5 times Elisa, EP
70% max to exhaustion 1 (during 60 min), 7 times 1

(during 90 min), 11 times

(Post), 10 times (Post 1h), NC

(post 24h)
Nieman ef al., 98 marathon runners, marathon race, 30 times 1 (Post), NC (post Elisa, P
2000 mean: 3.8h 24h, 48h)
Peters et al., 29 runners, 90km marathon, 9-10h 25 times 1 (Post), NC (Post Elisa, EP
2001b 24h and 48h)
Starkie et al., 5 male runners, marathon race, 2h- about 100 times 1 (Post) but Elisa, EP
2001 31min - 3h 25min gradually declined thereafter

up to Post 24h
Suzuki et al, 2003 10 male endurance athletes, 42 km 80 times

marathon
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2.2.4. Anti-Inflammatory Cytokines

2.2.4.1. Interleukin-10 (IL-10)

Interleukin-10 (IL-10) is the most important anti-inflammatory cytokine within the human immune
response. It is primarily synthesized by CD4+ Th2 cells, monocytes, and B cells and circulates as a
homodimer consisting of two tightly packed 160-amino-acid proteins (Opal ef af., 1998; Howard and
O’Garra, 1992) After engaging its high-affinity 110-kd cellular receptor, IL-10 inhibits
monocyte/macrophage-derived TNF-o, IL-1, IL-6, IL-8, IL-12, granulocyte colony-stimulating factor,

MIP-1qa, and MIP-2a {Clarke et ai., 1998; Gerard et al., 1993; Marchant et al., 1994).

It is also sometimes known as human cytokine synthesis inhibitory factor (CSIF) as it is identical to this
factor and has the same function viz. it inhibits the synthesis of a number of cytokines such as IFN-y, IL2
and TNF-f in the Th1 subpopulations of T-cells (Fiorentino et al., 1989; Howard and O'Garra, 1992). IL-
10 is secreted by Th2 cells, targets B cells and macrophages. It is stimulatory towards certain T cells, mast
cells and B cells. It inhibits the synthesis of pro-inflammatory cytokines like INF-y, IL-2, IL-3, and TNF-«
which are secreted by macrophages and Th1 cells. IL-10 also suppresses the antigen presentation capacity
of macrophages and lymphocytes and is released by cytotoxic T-cells to inhibit the actions of NK cells in
response to viral infection (Suzuki et al,, 1999; Smith, 2000; Bagby et al., 1996; Peters, 2004; Pedersen
and Hoffman-Goetz, 2000; Trinchieri, 2007).

IL-10 inhibits cell surface expression of major histocompatibility complex class II molecules, B7
accessory molecules, and the lippolysaccharide (LPS) recognition and signaling molecule CD14 (Opal et
al., 1998). 1t also inhibits nuclear factor kappa-B (NF-k-B) translocation after LPS stimulation (Brandtzaeg
et al., 1996; Clarke et al., 1998) and promotes degradation of messenger RNA for the proinflammatory
cytokines {Opal e al., 1998). In addition to these activities, IL-10 attenuates surface expression of TNF
receptors and promotes the shedding of TNF receptors into the systemic circulation (Dickensheets ef al.,
1997; Joyce er al., 1994).

Studies have reported between 27 to 100 fold increases in plasma [L-10 following exhaustive endurance
exercise (Ostrowski ef al., 1999; Nieman et al., 2000, Peters et al., 2001b, Suzuki et al., 2003). Suzuki er
al. (2003) also confirmed a positive correlation between the percentage increase of [L—6 (80 fold) and IL-
10 (100 fold) following participation in a competitive marathon race by 10 male endurance trained athletes
between the ages of 16 and 19 years (r = 0.78, p < 0.01). This supports previous findings of the induction
of IL-10 by the production of IL-6 (Nieman et al., 2003; Steensburg et al., 2001; 2003; Pedersen et al.,
2003).



Others have reported no increase in plasma IL-10 levels following short durations of high intensity
exercise (Bruunsgaard et al.. 1997; Smith et al., 2000; 2007). These findings suggest that high intensity
exercise of extended durations only, may induce the release of IL-10 into the circulation (Suzuki et af.,

2002; Smith et al., 2007).

2.2.4.2. Interleukin 1-Receptor Antagonist (IL1-ra)

IL1-ra is, as its name suggests, is a polypeptide receptor antagonist that is secreted by macrophages, TH;
cells and monocytes (Arend, 1993, 2000; Dinarello, 1994). It competes with IL1-o and IL1-B for the
same receptor on the cell membrane. This is the only known function of IL1-ra (Hirsch et al., 1996;
Arend, 2000). It was initially called IL-inhibitor after its discovery in 1984. As a result of it binding to
the same receptor on the cell membrane as the IL1 family of interleukins, it prevents these cytokines
form signaling the cell (Dinarello, 1994). it is thus used in the treatment of autoimmune diseases like,
rheuvmatoid arthritis where the role of IL1 is significant in the pathophysiology of the disease. IL.1-ra has
been reported to be much more similar in structure to IL1- than it is to IL1-o. Four protein isoforms of
1i.1-ra have been reported, three of which are intracellular and one is a secreted from. However, all three
have the same affinity for the IL1 receptor on the cell membrane (Arend, 1993; 2000; Muzio et al.,
1995). As previously mentioned, the interleukin-1 cytokines are pro-inflammatory in nature. Therefore,
IL1-ra will have an antagonistic effect on their function. Thus the balance between IL1-¢, IL1-f and
IL1-ra dictates the dampening or progression of an inflammatory reaction. (Dinarello, 1994; Hirsch et

al., 1996; Arend, 2000, Suzuki et al., 2000, Suzuki er ai., 2002).

Several studies have demonstrated elevated levels of IL1-ra following exhaustive exercise. These levels
range from between 20 fold increases (Peters et al., 2001b) to 40 fold (Toft et al., 2000) and even 214
fold (Suzuki et al., 2002). The different levels reported have been postulated to be due to different
exercise workloads and differing assay techniques (Suzuki er al., 2002). Endurance exercise in itself has
also been reported to cause an elevation in IL1-ra levels in several studies (Ostrowski et al., 1999; 2000;
Pedersen ef al., 2001, Peters et al, 2001b; Toft et al., 2002, Steensberg et al., 2003; Peake et al., 2005b).

2.2.5. Chemokines

2.2.5.1. Interleukin-§

Interleukin-8 (IL-8) is a chemokine that is produced by muscles, macrophages, endothelial cells and some
epithelial cells. Endothelial cells that produce IL-8 store the cytokine in storage vesicles called Weibel-
Palade bodies (Utgaard et al, 1998; Wollf et al, 1998). Upon encountering an antigen, macrophages
release IL-8 which attracts nevtrophils which adhere to and diapadese through the vascular endothelial
cells to the region of inflammation (chemotaxis; Utgaard et al., 1998). IL-8 is therefore sometimes referred

to as a Neutrophil Chemotactic Factor (NCF) or Neutrophil Activating Peptide 1 (NAP-1). It has also been



shown to display chemotactic activity for basophils, eosinophils and T-lymphocytes (Kishimoto et al.,
1995; Van der Poll ¢t al., 1997; Febbraio and Pedersen, 2005; Juge-Aubry et al., 2005).

Some studies have revealed a slight increase in IL-8 levels in the blood following exercise of a moderate
intensity (Henson et al., 2000; Suzuki et al., 2002). However, following intense periods of exhaustive
exercise, IL-8 levels have been shown to be significantly elevated in the blood (Nieman et af., 2000;
Suzuki ef al., 2000; Nieman et al., 2001; Ostirowski et al., 2001; Peters et ., 2005; Smith et al., 2007).
Peters er al. (2005) reported increases from 3.7 to 30.2 pg/ml following a downhill ultra-marathon race. It
has also been demonstrated that severe exercise for a short duration causes the release of IL-8 into the

circulation (Mucci er al., 2000; Suzuki et al., 2002; Smith et al., 2007).

2.2.6. Immunomeodulatory Cytokines

2.2.6.1. Interleukin-12

Interlevkin-12 (IL-12) is secreted by B-cells and macrophages (Ganong, 2005) and refers to a collection of
IL-12 related proteins. The bioactive form of IL-12 is a 75 kDa heterodimer (IL12p70) comprising
independently-regulated disulfide-linked 40 kDa (p40) and 35 kDa (p35) subunits. The p40 subunit exists
extracellularly as a monomer (IL12p40 1) or dimer (IL-12p40 2) and can antagonize the action of IL12p70
(Bagby et al., 1996; Suzuki et al., 1999; Smith, 2000; Pedersen and Hoffman-Goetz, 2000; Kalinski et al.,
2001).

In conjunction with the action of other cytokines (IL-2, in particular), interleukin-12 helps to activate
cytotoxic T-cells. It also stimulates the proliferation of NK cells and Thl cells and is involved in the
differentiation of immature T cells into Thl cells. It is therefore sometimes referred to as a T cell
stimulating factor. It also assists in the stimulation and production of interferon-gamma (IFN-y) and tumor
necrosis factor-alpha (TNF-a) which are produced by Thl cells and NK cells. [L-12 helps 1o reduce the
suppression of IFN-y which is controlled by IL-4. IL-12 displays anti-angiogenic activity (suppression of
new blood vessel production). This is achieved by it increasing the production of IFN-y, which in turn,
stimulates the production of a chemokine called inducible protein-10 (IP-10 or CXCL10). IP-10 mediates
the anti-angiogenic effect (Pedersen and Hoffman-Goetz, 2000; Kalifiski et al., 2001).

There is conflicting evidence in the literature regarding the effects of exercise on the levels of circulating
IL-12 in the blood. For example, some studies reported increased levels following high intensity exercise
with heat exposure, while no elevation in the absence of heat exposure has also been reported (Akimoto er
al., 2000; Peake er al., 2005a; 2005b).



While inconsistencies and lack of reproducibility have been attributed to the rapid down-regulation of IL-
12 levels following exercise and also to different measurement methods and ELIZA kits employed
(Akimoto et al., 2000; Suzuki et al., 2002), Suzuki et al. (2003) have more recently differentiated between
the response of IL-12p40 and IL-12p70. They reported that following a marathon race in which plasma
concentration of IL-6 increased by 80 fold and IL-10 by 100 fold, cytokines promoting cellular immunity
including IL-2, IFN-y, TNF-ot and IL-12p70 did not rise. IL-12p40, however, increased markedly. In
contrast, an incremental exercise test to exhaustion on a treadmill did not result in an elevation in the IL-
12p70 or IL-12p40 content of venous blood immediately after the exercise test when values were adjusted
for hemoconcentration and plasma volume changes (Suzuki et al., 2003). One hour post-test IL-12p40
concentrations, however, did increase significantly from 46.1 pg/ml to 72.9 pg/ml (p < 0.01), but IL-12p70
remained unchanged. Suzuki er al. (2003) propose that the increase in the production of IL-12p40 and
cytokines mediating inflammation is the result of exercise-induced release of prostaglandin E; cAMP, B3-

adrenergic agents and histamine.

2.2.7. Pro and Anti-inflammatory Cytokine Response to Eccentric Endurance Exercise

Microimomaisc desege
TNF-Alpha
IL1-Beta w IL-a
L6
Cortisol IL-10

Figure 2.1: The Pro-Inflammatory cytokine cascade depicting the negative feedback mechanism

In response to tissue microtrauma which occurs following eccentric exercise, macrophages which are
resident in the injured tissue, become activated, releasing TNF-o< which has been shown to activate a pro-
inflammatory cytokine cascade with the subsequent release of IL - 1B and IL - 6 (Figure 2.1; Suzuki et al.,
1999; Suzuki et al., 2000; Pedersen et al., 2001). Increased circulating concentrations of IL — 6, in turn,
stimulate the adrenal medulla to increase its release of cortisol into the blood stream which stimulates the

release of a number of compensatory anti-inflammatory cytokines, such as IL — 10 and IL -1 receptor
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antagonists (Figure 2.1; Pedersen and Hoffman-Goetz, 2000). These play a crucial role in containment and

isolation of the inflammatory process (Bagby et al., 1996; Peters, 2004).

While the presence of multiple cytokines (TNF-a, IL1-B, IL-6, IL-2 receptors, and IFN-g) in urine after
exercise reflects the expression of a broad spectrum of cytokines in response to exercise (Sprenger et al.,
1992), Pedersen et al. (1998) suggest that the type of physical activity as well as the intensity and
duration of the exercise may affect the concentrations of pro-inflammatory cytokines measured in the
blood. In reviewing the findings in the literature regarding the pro-inflammatory cytokine response to
endurance exercise longer than 2 hr (Table 2}, Ostrowski et al.(1998), Ostrowski er al.(1999a), Singh e/
al.(1999), Nieman er al.(2000), Starkie er al.(2001) and Peters ef al.(2001) showed that after a marathon
race, TNF-¢ and IL - 1 concentrations in the vascular department increased by a maximum of
approximately 4.3-fold (Starkie et al., 2001), whereas the concentrations of IL-6 increased by as much as
128 fold (Ostrowski et al.,, 1999). As both concentrations of IL-10 and IL-1ra, however, increase
substantially following prolonged eccentric exercise (Nieman et al., 2001; Peters ef al, 2001b), it has
been suggested that the relatively lesser increment in TNF and IL-1 concentrations in the blood is due to
the release of cytokine inhibitors including [IL-1ra and TNF receptors (TNF-R)] and the anti-
inflammatory cytokine IL-10 (Ostrowski et af., 1999b; Figure 2.1). These findings suggest that cytokine
inhibitors and anti-inflammatory cytokines may restrict the magnitude and duration of the pro-

inflammatory response to exercise.

2.3. The Thl - Th2 Differentiation; Corresponding Cytokine Production And its Effects.

2.3.1. Intreduction
Although cytokines are produced by a variety of cells including the vascular endothelium, macrophages
and circulating leukocytes, cytokines produced by helper T-cells are special subpopulations that provide

help to other cells of the immune system in mounting imimune responses.

According to Morel and Oriss (1998), the CD4 T helper (Th) and the CD8 T cytotoxic (Tc) cells can be
divided into type 1 (Thl and Tcl) and type 2 (Th2 and Tc2) cells according to their cytokine profile. Thli
cells drive cellular immunity and produce IL-2, TNF-a and interferon-gamma (INF- IFN- ), while Th2
cells that activate the humoral response, produce a variety of anti-inflammatory cytokines, including IL.-4,
IL-5, IL-6, IL-10, and IL-13 (Evans et af., 2000). Type | immunity, also referred to as cell mediated
immunity, involves macrophage activation and the recrvitment and stimulation of cytotoxic cells such as
Tc-cells and NK cells. This is stimulated by and effective against intracellular pathogens such as viruses
and various intracellular bacteria, including tuberculosis bacilli (Evans et al., 2000; Romagnani, 2000). In

contrast, extracellular pathogens, like helminthic (worm) parasites, and most forms of bacteria stimulate



Type 2 immunity which involves the humoral immune response and the production of most types

(isotypes) of antibodies.

The balance of both types of T-helper cells can be influenced and regulated by the very cytokines they
secrete. For example, IFN- vy, secreted by Th1 cells, can inhibit the proliferation of Th2 cells, while IL10,
secreted by Th2 cells, can suppress Thl functions by inhibiting their cytokine production. The Th2
cytokine IL-4, inhibits the differentiation and/or expansion of Th1 cells. Therefore, the functional subsets
of T-helper cells are mutually antagonistic such that the predomination of a subset within an infection, may

determine its outcome (Mackay, 2001; Romagnani, 2000; Kelso er af., 1991).

Through the activities of the types of cytokines produced, Thl and Th2 cells are able to cross regulate
each other. This control mechanism helps prevent the inflammatory reactions in response to pathogens,
getting out of control. However, it is also possible that imbalances may precipitate inappropriate reactions.
It is postulated that some autoimmune disorders may involve overactive Thl cells, while the exacerbation
of other conditions such as allergies, may involve overactive Th2 responses (Romagnani, 2000; Bonecchi
et al., 1998 Smith, 2003; 2004).

The molecular mechanisms by which the evolution of these different T-helper cell types occurs from
common precursors, are still not completely understood. Thp cells (p for precursor) are believed to be the
precursor cells of ThO cells that, in turn, are thought to be precursor cells that develop into either Thl or
Th2 cells (Romagnani, 2000; Kelso et al., 1991).

While Thl cells are responsible for stimulating strong cellular immunity, they only activate weak and
transient antibody responses. Generally, Thl responses are stimulated by intracellular pathogens (viruses,
some mycobacteria, some yeasts, and some parasitic protozoans) and by IL-12 (Lucey ez al., 1996). Thi-
type cells secrete high levels of IL-2, TNF-a, and IFN- y. This activates macrophages and promotes cell-
mediated immune responses against invasive intracellular pathogens (Bonecchi er al., 1998; Romagnani,
2000).

On the other hand, chronic stress states have been found to skew the balance against type 1 immunity in
favour of type 2 immunity (Elenkov and Chrousos, 1999; Evans e al., 2000; Romagnani, 2000). In

particular, IL-6 has been shown to induce Th2 polarization by stimulating the initial production of IL-4.

More recently a third category of Th-cell has been identified. Th3 ceils are CD4 (+) regulatory celis
associated with immune mechanisms involving oral tolerance towards antigens. These cells are
characterised by the secretion of TGF-p and they have suppressive properties for Thi and Th2 cells
(Mosmann and Coffman, 1989; Bonecchi et al., 1998; Romagnani, 2000). The pieiotropic anti-
inflammatory growth factor transforming growth factor-bl (TGF-b1) belongs to a family of growth factors
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that has diverse effects on cellular differentiation, activation, and proliferation. It has also been shown to
act as a chemoattractant for monocytes and macrophages and to inhibit the cells required for the
inflammatory process. It is therefore regarded as an anti-inflammatory cytokine that aids in wound healing

by limiting the inflammatory response (Bonecchi ez al., 1998; Elenkov and Chrousos, 1999).

2.3.2 Regulation of the Thl — Th2 Differentiation

Little is currently known about the physiological regulation of type 1 and type 2 T cell balances. It has
been suggested that exercise is an appropriate model to study how the type 1 and type 2 cell balances are
regulated. Both cortisol and epinephrine have been found to inhibit the production of type 1 T cell
cytokines (Franchimont et al., 2000). Regulation of T-cell activation by the anti-inflammatory cytokines is

also a crucial early control element in this process (Romagnani, 2000).

Interleukin-4 (IL-4) is a highly pleiotropic cytokine that is able to influence Th cell differentiation. It is a
20-kd glycoprotein produced by mature Th2 cells and cells from the mast cell or basophil lineage. It drives
Th2 responses, mediates the recruitment and activation of mast cells, and stimulates the production of IgE
antibodies via the differentiation of B cells into IgE-secreting cells (Mosmann er al,, 1986; Kelso, 1995),
Early secretion of I1.-4 leads to polarization of Th cell differentiation toward Th2-like cells (Mosmann et
al., 1986). Th2-type cells secrete their own IL-4, and subsequent autocrine production of IL-4 supports
Th2 cell proliferation. The Th2- cell secretion of IL-4 and IL-10 also leads to the suppression of Thl
responses by down-regulating the production of macrophage-derived IL-12 and inhibiting the
differentiation of Thil-type cells (Mosmann et ai., 1986; Kelso, 1995),

IL-10 is also a potent inhibitor of Thl cytokines, including both [L-2 and IFN-y. This activity accounts for
its initial designation as cytokine synthesis inhibition factor (Opal ef al., 1998; Lalani ef al., 1997; Howard
and O’Garra, 1992) In addition to its activity as a Th2 lymphocyte cytokine, IL-10 is also a potent

deactivator of monocyte/macrophage proinflammatory cytokine synthesis (Clarke ef af., 1998).

2.3.3. The Thl - Th2 Shift Effect During Exercise

To forther understand how the type | and type 2 T cell balances are regulated, it is of interest to investigate
the effect of exercise. As viruses often cause URTI and type 1 T cells are crucial in the defense against
intracellular pathogens (Steensberg er al.. 2001}, the observation of an increased risk of URTI after an

acute bout of heavy exercise, may be a consequence of an impaired type 1 T cell response (Smith, 2000).

It has been shown that the immune response to strenuous exercise has some similarities to that of other
physical stress conditions such as surgery, trauma, sepsis, and burn (Pedersen and Hoffman-Goetz, 2000;

Smich, 2003; 2004). Interestingly, it has recently been demonstrated that major surgery suppresses
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maximal production of Thl cytokines without influencing the Th2 cytokines (Berguer et al.,1999),

inferring that surgery and strenuous exercise influence the Th1 and Th2 responses in a similar manner.
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Figure 2.2: The effect of prolonged exercise on the Th1-Th2 cytokine balance following

exhaustive exercise

During intense and prolonged exercise, lymphocytes are recruited to the blood (Pedersen and Hoffman-
Goetz, 2000). However, in the post-exercise period, the number of circulating lymphocytes declines below
pre-exercise values. Concomitantly, the plasma levels of proinflammatory cytokines are elevated. Thus the
level of plasma IL-6 may be enhanced more than 100-fold (Ostrowski et al., 1999), but increases in plasma

IL-12 have been reported to be inconsistent and small (Akimoto et al., 2000).

The greatest elevations in inflammation-mediated cytokine levels have been reported after eccentric
exercise. Bruunsgaard er al. (1997) compared concentric and eccentric exercise at the same relative
oxygen uptake. They found that although the catecholamine levels did not differ between the two
experiments, the creatine kinase (CK) increased almost 40-fold 4 days after eccentric exercise. No changes
were observed in the CK concentration in relation to concentric exercise. The IL-6 concentration increased
fivefold in relation to eccentric exercise and was significantly correlated with the CK concentration in the
subsequent days; no changes were found, however, in relation to eccentric exercise. This study indicates
that there was an association between increased IL-6 concentration and muscle damage, but it remains to

be shown whether the relationship is causal or not.

Steensberg et al.(2001) reported that the percentage of circulating type 1 T cells decreased after prolonged

exercise, whereas the percentage of type 2 T cells did not change, and concomitantly the total number of
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circulating T cells declined. Moreover, the post-exercise decrease in circulating T lymphocytes is

accompanied by a more pronounced decrease in the type 1 T cell subpopulation.

Plasma IL-2 and IFN-y have not been shown to rise following intensive short term or prolonged endurance
exercise. In vitro studies have shown that acute exercise impairs the ability of stimulated lymphocytes to
produce IL-2 (Northoft et al., 1998; Rhind et al., 1996; Steensberg ef al., 2001, 2003) a response which is
reversed with administration of indomethacin suggesting the involvement of prostaglandins. Suzuki et al.
(2003), however, suggest that exercise-induced release of soluble IL-2 receptor which interferes with the
measurement may also be a factor contributing to the failure to detect IL-2 in the blood of exercising

athletes.

Both animal and human studies, in vivo and in vitro, have revealed that T cells producing IFN-y and IL-2
are suppressed by cortisol and epinephrine (Elenkov and Chrousos, 1999; Franchimont et al., 2000). These
hormones increase during and in response to exercise. Cortisol is thought to operate by inhibiting the
production of IL-12 by antigen-presenting cells (Elenkov and Chrousos, 1999) and also by decreasing the
ability of T cells to respond to IL-12 (Franchimont et al.,2000). Epinephrine also suppresses the type 1 T
cells both at the level of antigen-presenting cells and directly on T cell receptors. Steensberg et al. (2000)
found a negative correlation between mean plasma epinephrine and percentage of IL-2-producing CD8
Type 1 cells. These cells express more B:-adreno-receptors on the surface compared with Thl cells
(Pedersen and Hoffman-Goetz, 2000) which may explain that only the percentage of type 1 T cells
correlated with epinephrine during exercise (Steensberg et al, (2000) study. No evidence of cortisol

correlation with type 1 T cells was found.

Rincon er al. (1997) demonstrated that [L-6 stimvlates the production of [L-4 by naive CD4 Type-1 T-cells
as plasma IL-6 increases enormously in response to exercise {Ostrowski et al., 1999) and that contracting
skeletal muscles release IL-6 (Steensberg er al., 2000). However, exercise induced increases in circulating
IL-4-have not been reported. The correlation between plasma [L-6 and percentage of IL-4-producing CD8
Type-1 T-cells may however indicate that the increase in plasma IL-6 during exercise contribuies to
maintaining an unaltered percentage of Type 2 T-cells and, thereby, influences the balance between the
Type-1 and Type-2 T-cells. During exercise, muscle glycogen is reduced. This contributes to enhancing
the production of IL-6 and, thereby, the effect of IL-6 on cortisol secretion (Peters, 2004). Furthermore, the
level of catecholamines in plasma increases more when subjects exercise under fasting conditions. Thus
exercising in a carbohydrate-loaded state might have induced a less pronounced effect on the type 1 or

type 2 T cell balance (Steensberg er al., 2000).

Steensberg et al. (2000} postulated that IL-6 probably functions through the HPA axis thereby increasing

secretion of cortisol. In accordance, their study demonstrated a correlation between peak plasma IL-6 and
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plasma cortisol 1 h post-running (Steensberg er al, 2000). The relatively more pronounced decrease in
type |1 compared with type 2 T cells in the recovery pertod may explain the increased sensitivity to URTI

following strenuous exercise, as these infections are often caused by viruses.

2.3.4. The Role of Cortisol

The influence of the stress hormone, cortisol, often incorrectly referred to as an immunosuppressant
hormone, on the function of the immune system is complex. However, under normal circumstances and in
physiological amounts, cortisol tends to shift the immunological balance away from Thl mediated and
towards Th2 mediated immunity. This has been demonstrated in numerous studies (Agarwal and Marshall,
1998; Visser ef gi., 1998; Smith, 2003; 2004).

In psychological stress there is a shift in the balance of the immune system away from Thl activity, which
is usually associated with increased cortisol levels and can be reversed with cortisol receptor antagonists
(Evans et al., 2000; Glaser et al., 1994). The catecholamine stress hormones are also thought to be
important in this respect with similar evidence implicating as-adrenergic receptors on immune cells

(Elenkov and Chrousos, 1999).

In parallel, in addition to the previously described rise in circulating cortisol concentrations occurring
during and immediately following acute exercise exposure, long-term endurance training results in
immunological changes associated with increased blood cortisol levels and increase in the cortisol/
androgen ratio {both the adrenal androgen - DHEA and gonadal androgen / tesiosterone) (Bernton et al.,
1995, Suzuki et al., 2000; Smith, 2003; 2004). Similarly, these immunological changes are most easily
described in terms of a shift in the balance of the immune system away from type 1 and towards type 2
immunity. This stress hormone-induced shift away from type-1 towards type-2 immunity has been shown
to increase susceptibility to infection as well as duration of an infection once established (Elenkov and
Chrousos, 1999). Athletic injury, the progression of which is itself subject to the consequences of reduced
type 1 immunity (increasing the possibility of infection) also contributes to the immunological shift in
immunity towards type 2 via production of Th2 cytokines triggered by activation of the sympathetic
branch of the ANS (Elenkov and Chrousos, 1999; Smith, 2003; 2004).

Fairly consistently, cortisol- induced down-regulation of salivary IgA defence of mucosal surfaces and
increased susceptibility to mucosal infections such as vpper respiratory tract infection has also been
demonstrated (Gleeson et al., 1999; Pedersen and Hoffman-Goetz, 2000; Pedersen et al., 2001). Thus the
similarity between the effects of the physical and psychological stress on the immune system indicate that
the summative effects of both types of stress are cumulative and synergistic and point to competitive
athletes as a particularly vulnerable population with which very effort must be made to reduce the negative

impact of both types of stressors. Indeed there is convincing evidence that elite athletes are more
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vulnerable to opportunistic infectious illness (Peters and Bateman, 1983; Gleeson, 2000; Mackinnon,
1997; Pedersen et al., 2001; Smith, 2003; 2004).

The rise in serum cortisol concentration following prolonged exercise is well documented (Peters, 2001a;
2001b). Post-exercise concentrations have been shown to rise by more than 50% following 60 minutes of
downhill treadmill running (gradient -13.5%) at 75% VO,max (Smith ef al., personal correspondence), but
+ 200% increases to pm values of 1040 + 113 (Peters et al., 2001a) and 1179 + 93.2 mmol/ L (Peters et al.,
2001b) have been reported following a 90km downhill ultra marathon run despite considerably lowered

diurnal cortisol variations in the late afternoon post-race blood samples.

The exercise-induced rise in systemic ¢ortisol concentration is a sequel to the stimulation of the HPA axis
and adrenal cortex by IL-6 and increased concentration of circulating cortisol have been reported to and on
bone marrow, causing a further release of neutrophils into the blood stream (Starsky ef al., 2003; Pedersen
and Hoffman-Goetz, 2000; Suzuki et al., 1999). Due to the anti-inflammatory properties of cortisol, which
activates the production of anti-inflammatory polypeptides including I1.-10 and IL-1ra (Peters, 2001b),
inflammation has been theorized to be restrained once cortisol concentrations reach a critical level and the

body is given the opportunity to repair the tissue (Van Brandt, 2002).

2.4. The Repeated Bout Effect

The repeated bout effect is described as the adaptation of muscle where a single bout of eccentric exercise
protects against muscle damage from subsequent eccentric bouts (McHugh et al., 1999; McHugh, 2003).
The mechanisms responsible for this adaptation are poorly understood and are a subject of active study in
the literature. Despite numerous studies that have clearly demonstrated the repeated bout effect, little
consensus exist as to the actual mechanism. Recently, significant advances in the understanding of the
repeated bout effect phenomenon have been reported in the literature (Hortobagyi ef al., (1997, 1998,
Lavendera and Nosaka, 2008).

The mechanisms are attributed to neural, connective tissue or cellular adaptations (McHugh et ai., 1999).
Other possible mechanisms include the adaptation in the excitation-contraction coupling mechanism of
muscle or adaptation in the inflammatory response following the initial bout of exercise (McHugh ef al.,
1999; McHugh, 2003, Lavendera and Nosaka, 2008). There has been evidence to suggest that the repeated
bout effect is associated with a shift toward greater recruitment of slow twitch motor units (McHugh er al.,
1999; McHugh, 2003, Lavendera and Nosaka, 2008).

The neural theory refers to the pattern of recruitment of muscle fibres. It suggests that the change in the
pattern of motor unit recruitment intra muscularly results in a reduction in the muscle damage during

subsequent sessions of eccentric exercise (Golden and Dudley, 1992). In a similar study carried out by
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Hortobagyi et al, (1998) an increase in muscular strength following repeated bouts of exercise was
reported. Hortobagyi ef al. (1998) concluded that an improved distribution of workload among muscle
fibres in the subsequent bouts of exercise occurred and this could be explained by an altered patiern of

motor —unit recruitment.

The connective tissue theory predicts that after the first bowt of eccentric exercise, the muscles are
protected by an overall increase in intramuscular connective tissue (Frieden and Licber, 1992; McHugh et
al., 1999; Frieden and Lieber, 2001; McHugh, 2003). The increase in connective tissue content is thought
to be provided by the intermediate filaments within the muscle fibre, which consist of proteins, desmin,
vimentin and synemin. These filaments play a role in maintaining the structural integrity of the sarcomere
through preserving the sarcomere stretch and overlap during eccentric exercise (Frieden & Lieber, 1992).
The non-contractile proteins are thought to be directly involved in the remodelling process of
myofilaments disrupted during eccentric contractions. During this process, the muscle-tendon complex is
thought to adapt its viscoelastic properties to enable it to absorb and transmit the forces produced during
sudden and forceful contractions (Yu et al., 2003a; 2003b),

McHugh et al. (1999) explain that cellular theory proposes that muscle damage occurs as a result of
irreversible sarcomere strain during eccentric contractions. Due to the nature of eccentric exercise during
which muscles are lengthened while contracting, sarcomere lengths are highly non-uniform during these
types of contractions {Frieden and Lieber, 1992; Hortobagyi et al., 1998; Frieden and Lieber, 2001). Some
sarcomeres are stretched beyond the limit of myofilament overlap. The loss of contractile integrity results
in sarcomere strain and is seen as the initial stage of damage (McHugh et al., 1999, Yu et al., 2003a, Yu er
al., 2003b). Some data suggest that an increase in the number of sarcomeres connected in series, following
an initial bout, reduces sarcomere strain during a repeated bout and limits the subsequent damage
{Hortobagyi et al., (1998, 1999).

Multiple mechanisms therefore appear to be responsible for the repeated bout effect. Although significant
advances have been made in understanding the adaptations seen in muscle tissue after the initial bout of
eccentric exercise, a comprehensive unified theory describing all the components involved, remains

elusive (Hortobagyi et al., 1998; McHugh ez al., 1999).

2.5. The Effect of Traumeel On Inflammatory Markers in the Blood

According to Schroder et al.(1990) the blossoms of Arnica montana have been used for therapeutical
purposes because of their antiphiogistic and analgesic effects. More than 150 chemical substances have
been found in Arnica blossoms and, among these, helenalin and its derivatives and flavonoids are the most
important. /n vitro and in vive studies have shown the anti-inflammatory and anti-microbial activity of

these substances (Kubo er al., 1994; Lyss et al., 1997). Homeopathic preparations of Arnica montana,
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often used in combination with other drugs, were reported to have therapeutic effects in conditions like
traumas, childbirth, haematomas, dental pain (Gibson et al., 1991; Ventoskovskij and Popov, 1990). A
preparation containing active principles from Arnica montana together with other plant extracts and
minerals, that could potentially act in synergistic way, has been developed by Heel GmbH and called is

called Traumeel®S.

Traumeel®S (Traumeel), a mixture of highly diluted (10']-10'9) extracts from medicinal plants and
minerals is widely used in humans to relieve traoma, inflammation and degenerative processes. However,
little is known about its possible effects on the behaviour of immune cells (Porozov et al, 2004).
Lussignoli ef al., 1999 report that the anti-inflammatory effect of Traumeel®S is presumably the result of
the activity of single components on the different phases of inflammation. They cite the Handbook Materia
Medica, Heel GmbH (1992) which suggests that Aconitum, Chamomilla, Hamamelis and Hypericum may
reduce the pain associated with inflammation; Aconitum, Armica, Hamamelis, Hypericum, Millefolium may
have anti-hemorrhagic effects; Arnica, Calendula, Echinacea, Symphytummay accelerate the wound
healing; Mercurius solubilis may be a anti-inflammatory and anti-viral agent, Hamamelis may prevent the
venous stasis;, Hepar sulfuris may improve the cellular breathing. The main indications of Traumeel®S are
referred to different types of lesions and inflammatory processes involving muscles and joints, sprains and
bruises. Its efficacy has been demonstrated in experimental and clinical studies, even under placebo-
controlled trials (Zell ef al, 1989; Bohmer and Ambrus, 1992). However, the mechanism by which this

drug exerts its therapeutic effects remains to be clarified (Lussignoli ez al., 1999).

Conforti et al.(1997) tested Traumeel®S in vivo on acute and chronic experimental inflammatory
conditions on rats caused by intra-paw injection of carrageenan {(carrageenan oedema) or Freund's
complete adjuvant (adjuvant arthritis). The results of their study suggested that the local administration of
Traumeel®S reduced oedema development and this inhibition was similar to the effect exerted by aspirin at
dose of 30 mg/Kg in the same experimental model. In an adjuvant arthritis model, the intra-paw
administration of Traumeel®S every two days led to a significant reduction in acute local inflammation,

without affecting the chronic arthritic process (Conforti et al., 1997).

Lussignoli ef al. (1999) reported a series of experiments aimed to improve the knowledge of the
therapeutic action of Traumeel®S by using an injection intra-paw of a small amount of homologous blood
that mimics a traumatic blood extravasation, a condition usually treated with Traumeel®S. They also tested
the activity of individual components of Traumeel®S on blood-oedema and of a combination containing
only the components with known anti-inflammatory activity. Their preliminary data also indicated a
possible role of IL-6 in the Traumeel®S regulation of the inflammatory process, but due to the complex
nature of the cytokine network, further work is necessary to clarify this point. Lussignoli et al. (1999)
concluded that it is possible that Traumeel®S accelerates the tissue changes involved both in the formation

and in the elimination of cedema, with a net beneficial effect on the overall reaction.
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Porozov et al. (2004) conducted a study in which effects of Traumeel®S were examined in vitro on the
ability of resting and PHA-, PMA- or TNF-a-activated human T cells, monocytes, and gut epithelial cells
to secrete the IL-1P, TNF-a and IL-8 over a period of 24-72 hours . While they found that Traumeel®S did
not affect T cell and monocyte proliferation, Traumeel®S, however, inhibited the secretion of all three
cytokines in resting, as well as activated immune cells. IL-B secretion was reduced by up to 70% in both
resting and activated cells, TNF-a secretion was reduced by up to 65 and 54%, respectively, and IL-8
secretion was reduced by 50% in both resting and activated celis (p < 0.01 for all cells). Interestingly, the
effect also appeared to be inversely dose-related; maximal inhibition (usually 30-60% inhibition; P<0.01)
was seen with dilutions of 107 - 10° of the Traumeel®S stock material. This suggests that Traumeel®S

does not inhibit immune cells functions by exerting a toxic effect.

Heine and Schmotz (1998) have also shown that in whole blood cultures, Traumeel®S had the effect of
elevating levels of Transforming Growth Factor (TGF-B), a Th3 cytokine which suppresses Thl and Th2

cell activity and has also been described as an anti-inflammatory cytokine (Mosmann and Coffman, 1989;
Bonecchi et al., 1998; Romagnani, 2000, Table 2.1.).

Alihough additional studies are needed to clarify the mode of action of Traumeel®S and to demonstrate
causative relationship between the inhibition of pro-inflammatory cytokine/chemokine secretion in cell
culture and the reported clinical effects of the preparation, this in vitro work of Porozov et al. (2604) and
Heine and Schmotz (1998) does shed greater light on a possible mechanism for the anti-inflammatory

effects of Traumeel®S observed in clinical use.

While non-steroidal anti-inflammatory drugs act by inhibiting the arachidonic acid pathway and therefore
the production of prostaglandins by means of inhibiting the cyclooxygenase and lipoxygenase enzymes
(Lussignoli et al., 1999; Porozov et ai., 2004, Ganong, 2005), Traumeel®S has, however, been shown to
control the generation of reactive oxygen species (ROS) by activated neutrophils. Therefore with the
ingestion of Traumeel, increased neutrophilic oxidative burst activity and lymphocyte function is possible
as the suppressive action of high levels of ROS on the leucocytes would be neutralised by Traumeel®S
(Conforti ez al., 1997, Peters, 1997b). It is hence proposed that the inflammatory response is restrained
despite stimulation of the innate and secondary adaptive responses to the tissue damage, a finding that is
supported by the increased plasma myeloperoxidase concentrations most recently reported in another

dimension of this, as yet, unpublished, experimental work (Smith, 2008).

2.6. Traumeel® S and Exercise Induced Muscle Inflammation

Although Traumeel®S is a widely used product, its effects on the immune system following endurance
exercise have been published in very few reputable scientific journals. Zell er af. (1989) conducted a
double-blinded, placebo-controlled trial in order to test the effect of Traumeel®S ointment on joint

mobility and subjective ratings of pain after sports related ankle injury. In their study, Traumeel S
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ointment was found to be significantly more effective than placebo in the reduction of pain and the
improvement of joint range of motion 10 days following the injury. These findings were consistent with
those of Bohmer and Ambrus (1992) and Wright-Carpenter er al. (2004) who reported improved recovery

times for the injuries studied in their respective investigations when compared to placebo.

In the first in vivo study conducted on athletes at the Sports Research Institute of Pretoria University
(Jordaan, 2006), subjects taking Traumeel®S 7 days prior 10 a 45 minute downhill run at -10 %, displayed
a significantly higher blood cortisol response compared to the placebo group at 48hr, 72hrs and 96hr post
exercise. The only markers relevant to a systemic inflammatory response were blood cortisol, leukocyte
counts and serum creatine kinase levels. Although subjective perceptions of delayed onset muscle soreness
were also quantitated, post-exercise neutrophilia and statistically significant elevations in serum cortisol
and CK concentrations were not reported (Jordaan, 2006). It is therefore uncertain whether the exercise

was intense enough to elicit an inflammatory response in this study.

27. Conclusion

In conclusion, exercise, especially that of a strenuous and/or eccentric nature, has been shown to have an
inflammatory effect that generates a response analogous to the acute phase response. The pro-
inflammatory response to muscle damage and consequent soreness has been clearly demonstrated.
Although Traumeel® S has been advocated to be effective in accelerating the recovery process and has
been used by sportsmen for this purpose for a long time, most of the biochemical studies examining the
possible mechanism of action, have been in virro. The need for a comprehensive in vivo study on
endurance athletes which includes a comprehensive analysis of systemic markers of inflammation, with

specific reference to the cytokine milieu, therefore still exists and is an open area for future research.
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Chapter Three

Materials and Methods

3.1. Study design, ethical approval and insurance

This study was designed as a double-blinded, placebo-controlled clinical trial in which subjects were
matched and randomised to Traumee! (TRAU) and Placebo (PLAC) pairs which ingested either Traumeel
(TRAU) or Placebo (PLAC) for 9 days; 5 days before, the day of and 3 days after a 90-minute downhill

running intervention.

Ethical clearance was obtained from the University of KwaZulu-Natal (UKZN), Nelson R. Mandela
School of Medicine, Biomedical Research Ethics Committee (Clearance Number: EG17:05). Insurance was
obtained from Heel (Pty) Ltd. in Germany, to cover the UKZN in the event of possible research-related
injury to the participant. The subjects were recruited by word of mouth from various running clubs in the
greater Durban area. Each subject signed an informed consent form which had been approved by the

Biomedical Research Ethics Committee of the University of KwaZulu-Natal {Appendix A, B).

3.2, Sample
3.2.1. Size: The study subjects included 18 distance runners and 2 team sport players, matched according
to gender, selected anthropometrical characteristics, training age and status, footstrike pattern and

performance level and then randomised into TRAU (n = 10) and PLAC (n =10) groups.

3.2.2. Inclusion criteria: These included volunteers who:
o fell within the age category of 20 to 50 years inclusive
O were asymptomatic
o were healthy runners who covered a minimum of 40 km per week in training or who were
training a minimum of three times per week if participating in team sports, during the six
weeks prior to participation in the study
o were not on any anti-inflammatory or analgesic medication, antioxidant supplements, free

of systemic illness, not pregnant and were all non-smokers

3.2.3. Exclusion criteria: Subjects who did not fulfil the inclusion criteria were automatically excluded. In
addition, those subjects who were non compliant with respect to the methodology of the study were also
excluded. These included subjects from whom blood samples were unobtainable, who misplaced the
tablets, who became ill immediately prior to or post trial and those who did unaccustomed training before

and/or after the trial.
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3.3. Study Protocol

Prior to the onset of the study, the subjects were required to undergo baseline laboratory and field testing.
(Figure 3.1). The laboratory testing took place in the exercise laboratory in the Department of Physiology
at the Nelson Mandela School of Medicine and included assessment of the anthropometrical
characteristics, lung function and VO, peak of the subject, while the field test included a 1609 m time-trial

on an athletics track.

Thereafter each of the subjects was matched according to gender, physical and performance
characteristics. A total of 10 matched pairs of subjects took part in this phase of the study which focused
on cytokines. They were randomised to treatment sequences (A and B) using random number tables.

The actual exercise intervention was a 90-minute -6% downhill run on a treadmill at 75% of VO, peak
which was completed 5 days after the subjects started taking either Treatment A or Treatment B. Blood
samples were obtained from each subject before (PRE), immediately after (IPE), 24 hours (24PE), 48
hours (48PE) and 72 hours (72PE) after each 90-minute downhill run.

Treatment interventions were coded by Heel (Pty) Ltd. in Baden-Baden, Germany prior to being
dispatched to South Africa. Neither the subjects nor the researchers were aware of which treatment was
active and which treatment was placebo. The coding was only revealed to the researchers once the study

was complete and a preliminary report of the results was made available to Heel (Pty)

Subjects continue with
subject Ingestion of TRAU/PLAC for 6 Days . TRAU/PLAC for 3 days
Matching Days 1-6 s Days 7-9
A A
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 8

v v ¥

.24llrs PE 48Hrs PE T72Hrs |

Blood samples taken

v. 1. Pre-trial blood samples drawn

Field Testing-
1600m run 2 Triai-90 minute downhill run

Figure 3.1. Study protocol depicting the time-points.
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3.3.1. Baseline Laboratory Testing

At the first test, each subject underwent a pre-study evaluation in order to obtain baseline measurements.
These included details of exercise training status and anthropometric measures such as height, weight,
lung-function, resting blood pressure, resting heart rate and percentage body fat. The latter was evaluated
by the sum of the biceps, triceps, suprailliac and subscapular skin folds according to the technique
published by Dumin and Womersly (1974). Lung-function was tested using a flow rate spirometer (Jaeger,
Wuerzburg, Germany). Each subject was required to obtain indemnity from a physician confirming that

they were free from clinical symptoms of upper respiratory tract infections or other diseases.

Before the VO,max of each subject was determined, they were familiarized with the treadmill to be used
in the study (A Powerjog GX 10, Sport Engineering Limited, Birmingham, England). The subject was then
allowed to warm up for 5 minutes on the treadmill at a speed of 12 km/hr. After the warm-up period, the
speed was increased incrementally by 1 km/hr at each minute until fatigue. Fatigue was defined either as
the subject reporting a Rate of Perceived Exertion (RPE) of between 8-10, an estimated maximal age-
predicied heart rate or a Respiratory Quotient (RQ) of more than 1.15. The highest VO, over a 30 second
period was defined as the VO, ey

During the treadmill tests, respiratory and metabolic responses were assessed using a MetaMax 3B
Portable CPX metabolic testing system (Cortex Biophysik, GmbH, Leipzig, Germany). Prior to the
assessments, the gas analyzers were calibrated using ambient air and a gas cylinder containing 5.1% CO,
and 16.7 % O, in nitrogen (Air Products, Durban). A two-litre calibration syringe (Erich Jaeger, GmbH,
Hoechberg, Germany) was used to calibrate the flow volume sensors. Expiratory flow volume was
measured using a triple V transducer containing a 660nm optical tubine sensor which was connected to a
tightly fitting facemask. Oxygen and CO, content of the expired air was measured by oxygen and carbon
dioxide analysers, using an electro-chemical cell and infrared system, respectively. Expired gases were
analyzed on a breath- by- breath basis by Metasoft ® software and the rolling 30 s average was used in

order to record VO, throughout the incremental exercise test.

3.3.2, Track testing

Each subject was required to undergo an athletic track test which was conducted at the University of
KwaZulu-Natal’s sports grounds at the Westville campus. This field test was supervised by a national
athletics coach and consultant (Norrie Williamson). After a short warm up session, each subject was timed
over approximately 4 laps (1609m) on the athletics track. In addition, the subject’s running style
{footstrike pattern, shoe-wear patterns, inner soles and general gait analysis) was assessed while running
on the track and downhill (gradient > 5%) The subjects past and current training practices were also
analysed. Each subject received feedback from the coach including advice of pre-intervention training and

eating procedures.
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31.3.3. Matching of subjects
Subjects were then matched according to baseline measurements taken at the first laboratory visit, their
anthropometric parameters (mass, height, body-mass indices, percentage body fat), running style, training

status and performance time in the 1609m field test. This included:

(i) Gender

{ii) BMI

(iii}) Current training profile
(iv) Training age

as well as at least two of the following:
- Foot strike
- VO7
- 1609m running time and/or best performance over longer endurance running
events (Skm, 10km, half marathon or marathon), within six months prior to the

study trials.

3.3.4. The Intervention and Trial Procedure

Five days prior to the trial each subject was required to orally take 3 Traumeel or Placebo tablets per day
(Treatment A or Treatment B) which was provided to them. The subjects were requested to dissolve the
tablet under the tongue at least 30 minutes before mealtime (or on an empty stomach). On the day before
the trial the subjects were instructed to avoid any heavy physical exercise. For the morning of the trial, the
subjects were instructed to eat the following breakfast, three hours beforehand: 30g cornflakes, 150ml of

low fat milk and 12-15 g refined sugar,

Each subject was then required to report to the exercise laboratory in the morning. Particular care was
taken to ensure that trials took place at the same time of day to avoid possible confounding of the
circulating cortisol concentrations. Following a half hour rest period, pre-exercise venous blood samples
were obtained from the antecubital vein of each subject. The subjects were allowed to do basic stretching

exercises immediately prior to the trial.

Thereafter, each subject underwent a downhill raun on a motorised treadmill set at a -6% downhill gradient.
Their running speed was set at a workload at which they achieved 75% of the individual maximal oxygen
consumption (75% VO, peak). During each trial, the subjects’ heart rate was continually monitored. The
oxygen consumption was monitored at 20min intervals using a Metamax metabolic analyser (Cortex
Biophysik, GMBH, Leipzig, Germany). At 30 minute intervals, the workload was reduced to 50% VO,
peak in order to allow subjects to rehydrate. Each subject was given 500ml of water over the 90-minute
period,
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3.3.5. Post-Trial Recovery

On completion of the exercise trial a 30ml blood sample was drawn from an antecubital vein immediately
after the trial and at 24hrs, 48hrs and 72hrs following the trial. Subjects were requested to return to the
exercise laboratory at the same time of the morning on post-trial days to attain further blood samples and
to record subjective ratings of delayed onset muscle soreness. All post-trial blood samples were obtained at
the same time of day to avoid the influence of diurnal rhythms on cortisol concentrations. The participants
were asked to refrain from any strenuous exercise and to avoid the intake of anti-inflammatory medication

/painkillers for 3 days after the trial.

3.4 Treatment of the blood samples

Aliquots of 3mi of fresh venous blood were drawn into K; -ethylene diaminetetra-acetic acid (EDTA )
tubes for the testing of a full biood count (FBC).Five millilitres of the remainder were allowed to clot at
ambient temperature, the serum separated and 0.5ml aliquots thereof stored at -70° C for later analysis of
creatine kinase and cortisol. The remaining blood was drawn into vacutainer tubes containing EDTA and

the plasma separated. This was stored at —70° C for later measurement.

3.5. Analysis of Blood Samples

3.5.1. Determination of Serum CK and Cortisol Concentrations

Blood samples and serum was sent to a local Chemical Pathology Laboratory (Global Clinical and Viral
Laboratories, Jacobs, Durban). Full blood counts including differential leukocyte counts were performed
on EDTA treated specimens using standard haematological procedures on an automated STKS model
(Coulter Electronics Inc., Hialeah, Florida, USA). Serum was analysed for CK concentration using a
Synchron CX, X5Analyser (Beckman Coulter, SA (Pty) Ltd., Halfway House, South Africa).

Serum cortisol was assayed using the Gamma Coat radioimmunoassay procedure (AB Advia Centaur

CPAdviacentaur, Siemens Medical Solutions Diagnostics, Deerfield, USA).

3.5.2. Determination of Plasma IL-6 concentration by sandwich ELISA
Plasma IL-6 concentration was determined by sandwich ELISA using a commercial kit (eBioScience, San
Diego, CA, USA).

3.5.3. Flow Cytometric Analysis of Cytokine Concentrations

3.5.3.1. Introduction
The BD™ CBa Human Inflammation Kit (Becton, Dickinson and Company) was used to quantitatively
measure Interleukin-8 (IL-8), Interleukin-6 (I1.-6), Interleukin-10 (IL-10), Tumor Necrosis Factor (TNF),
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and Interleukin-12p70 (IL-12p70) protein levels in a single sample. This was done using a flow cytometer
equipped with a 48nm laser capable of detecting and distinguishing fluorescence emissions at 576 and
670nm (eg. the BD FACScan™ or BD FACSCalibur™ instruments) and BD Cellquest™ Software.

3.5.3.2. Principle of the test

Six bead populations with distinct fluorescence intensities were coated with capture antibodies specific for
IL-8, IL-6, IL-8, 110, TNF and IL1-12p70 proteins. The six bead populations are mixed together to form
the BD™ CBA which is resolved in the FL3 channel of a flow cytometer such as the BD FACScan™ or
BD FACSCalibur™ flow cytometer.

The capture beads, PE-conjugated detection antibodies, and recombinant standards or test samples were
incubated together to form sandwich complexes. Following acquisition of sample data using the flow
cytometer, the sample results were generated in graphical and tabular format using the BD™ CBA
Analysis Software. The kit provided sufficient reagents for the quantitative analysis of 50 test samples and

the generation of two standard curve sets.

3.5.3.3. Preparation of Human Inflammation Standards

The Human Inflammation Standards were lyophilised and were reconstituted and serially diluted before

they were mixed with the capture beads and the PE detection reagent.

This was carried out as follows:

1. One vial of lyophilised Human Inflammation Standards was reconstituted with 0.2ml of assay diluent
in order to prepare a 10x bulk standard. The reconstituted standard was allowed to equilibrate for 135
minutes before the dilutions were made. The vials were agitated vigorously in order to allow mixing,
but not vortexed.

2. Twelve 75mm tubes (BD Flacon™, Cat. No. 352008) were labelled and arran ged in the following

order: Top standard, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128 and 1:256.

900ul of assay diluent was added to the Top Siandard tube,

300 ul of assay diluent was added to each of the remaining tubes.

100ul of 10x bulk standard was transferred to the Top Standard tube and was mixed thoroughly

S e W

A serial dilution was performed by transferring 300ul from the Top Standard to the 1:2 dilution tube
and was mixed thoroughly. Several such serial dilutions were conducted by transferring 300pl from

the 1:2 tube to the 1:4 tube and so on up to the 1:256 tube. All were mixed thoroughly (see figure 3.2

below). The assay diluent serves as the negative control.
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Figure 3.2. Preparation of Human Inflammation Standard Dilutions
The appropriate concentration (pg/ml) of recombinant protein in each dilution tube is displayed in Table
3.1.

Table 3.1: Human Inflammation Standard concentrations after dilution.

Protein (pg/ml) STD 1:2 1:4 1:8 1:16 1:32 1:64 1:128  1:256
‘HumanIL-§ 5000 2500 1250 625 3125 156 80 40 20
Human IL-10 5000 2500 1250 625 312.5 156 80 40 20
Human TNF 5000 2500 1250 625 312.5 156 80 40 20

Human IL-12p70 5000 2500 1250 625 312,53 156 80 40 20

* STD. Standard

3.5.3.4. Plasma Assay Procedure
. 10pl/test of each Human Inflammation Capture Bead suspension was mixed and vortexed briefly.

2. Mixed beads were pelletted by centrifugation and the supernatant was aspirated.

S

The bead pellets were re-suspended in Serum Enhancement Buffer (equal in volume to the amount
removed in step 2) and was vortexed briefly.

30 minute incubation at room temperature was allowed (protected from light).

50p1 of mixed beads were transferred to the assay tube.

The Human Inflammation Standard was reconstituted in the Assay Diluent (15 min).

The Standards were diluted by serial dilutions using the Assay Diluent.

The Standard Dilutions and test samples were added to the appropriate sample tubes (50ul/tube).

1.5 hour incubation at room temperature was allowed (protected from light).

o m =S on

The samples were washed with 1 ml Wash buffer and centrifuged (100 pl residual volume was left
after aspiration).

9. PE Detection Reagent was added (50 pl/test).



B 1.5 hour incubation at room temperature was allowed (protected from light).
10. The samples were washed with 1 ml Wash buffer and centrifuged.
11. 300u] of Wash Buffer was added to each assay tube and the samples were analysed.

3.5.3.5. Cytometer Setup Bead Procedure

1. The Cytometer setup beads (vortexed before adding) were added to setup tubes A, B, and C
(50ul/tube).

B 30 min. incubation period at room temperature was allowed (protected from light).

2. 50ul of FITC Positive Control was added to tube B and 50ul of PE Positive Control was added to tube
C.

3. 400ul of Wash Buffer was added to tubes B and C.
4. 450ul of Wash Buffer was added to tube A.
5. Tubes A, B, and C were then used for the cytometer setup.

3.6. Subjective Rating of Perceived Muscle Soreness

Subjective ratings of muscular soreness were determined at the beginning of each day following the trial
with a numerical 0-10 scale where 0 = no pain at all, 5 = moderate, 10 = severe/maximal pain. The
quadriceps, hamstrings and calf muscles were assessed under four categories: General pain (subject seated
and relaxed), daily living (walking /moving), Pressure pain (palpation of the muscle area) and Stretch pain

(stretching the muscle) using the tabulation shown below.

General post-trial pain seated and relaxed | Post-trial pain during daily living while
walking

DAY Quadriceps | Hamstrings | Calf Quadriceps | Hamstrings Calf
after the trial

Day 1:
immediately
after the run

Day 2:

Day 3:

Day 4:

Day 5:

0 = no pain at all; 5 = moderate 10 =severe/maximal
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3.7, Statistical Analyses

Data were analysed in SPSS version 15.0 (SPSS Inc., Chicago, Illinois, USA). A p-value < 0.05 was
considered as statistically significant and data are expressed as mean + SEM. Baseline and field trial
outcomes were compared between the two groups using paired z-tests. Repeated measures analysis of
variance (ANOVA) testing was used to compare quantitative normally distributed outcomes over time
between the experimental (TRAU) and placebo-control (PLAC) groups. Wilks' Lambda was used as test
statistic with a Simple Contrasts post hoc correction to determine the time-point of the significant
differences between treatments. Variables that were not normally distributed were log transformed.
Significant time-group interactions indicated significant treatment effects. Profile plots were generated to
examine trends. There was very little missing data, but for some outcomes, the final time point result was
missing in a few (up to four) cases. In this case, repeated measures ANOVA was conducted on four time
points as well as five and the results were compared. If there was no difference in the conclusion then the
five time-point comparison was reported. For the DOMS analysis, the average of the three muscle types
and modes were computed for each day. Repeated measures ANOVA was performed on these averaged

measurements over time, which were normally distributed.
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Chapter 4

Results

4.1. Subject Characteristics

Twenty subjects (12 men, 8 women), aged between 20 and 50 years fully complied with all inclusion
criteria set for the study. The subject characteristics are provided in Table 5. Paired student t-tests indicate
that the mean + SEM of the two groups were not significantly different (p < 0.05) in terms of age, stature,

mass, percentage body fat, body mass index, FVC, FEV,, heart rate and blood pressure at rest (Table 4.1).

Table 4.1: Physical characteristics of the participants in the PLAC and TRAU groups. Data
presented as mean + SEM

Variahle PLAC (n = 1B TRAU (0 = 1 p-value
Age (years) 7 3260+221 3000+180 0255
Stature (cm) 170.33 £ 2.99 171.48 = 2.81 0.346
Mass (kg) 66.29 +2.74 68.53 +2.49 0.288
% Body Fat 16.25 +1.23 15.86 +0.86 0.807
Body Mass Index (kg.m'z) 22.67 +0.41 23.24 +0.50 0.323
FVC (L) 471 +0.33 4.65 +0.20 0.832
FEV1 (L) 3.67 =0.21 4.00 +0.20 0.295
HR Rest (b.min™) 63.89 + 2.08 63.40 = 1.42 0.976
Systolic Blood Pressure (mm Hg) 121.2+1.35 1233+ 1.54 0416
Diastolic Blood Pressure(mm Hg) 75.80 = 1.22 78.60 £1.17 0.213

FVC = Forced Vital Capacity; L/min; F:V, . Forced Expiratory Volume in 1 second; HR Rest = Resting Heart Rate

Physiological response to the incremental maximal exercise test is presented in Table 4.2

Table 4.2: Physiological Reponses to the Maximal Incremental Exercise Test in the PLAC and
TRAU groups. Data presented as mean + SEM

Variable PLAC (n=10) TRAU (n=1th p-vilue™

HR max (b.min”) 18027341  17545%3.11 1 0.209
RPE max 7.27 £0.35 691 +0.38 0.441
VEmax (L. min™) 98.21 +2.79 108.99 £ 4.06 0.370
VO, Peak (ml.kg.min™) 50.64 +1.23 54.42 +1.50 0.155
RER Max 1.11 £0.02 1.13 £0.02 0.626

*Paired ¢ tests, TRAU vs. PLAC; RER = Respiratory Exchange Ratio maximum; VO, peak = relative peak oxygen
consumption; HR max = Maximal Heart Rate


http://ml.kg.min1

The TRAU and PLAC groups did not differ significantly in terms of mean HR max, RPE max, VE max or
VO, peak (p > 0.05).

4.1.2 Training Status and Performance during Field Testing

The mean + SEM of data relating to the training status and performance in competitive field events of the
two groups is given in Table 4.3. These indicate that the gender-matched pairs were also well matched in
terms of average weekly running distance, number of running years, 1609 run time, performance in S5km,
10 km, half marathon and/or marathon times. Where possible, subjects who were training partners and

hence trained in similar conditions were matched.

Table 4.3: Training status of the subjects in the TRAU group and the PLAC group. Data presented
as mean = SEM

Parameter TRAU (=100 PLAC tn = 1 p-value

“Average weekly running distance (km)*  39.00x0.70  38.00+4.02  0.760

Number of running years* 10.30 £ 0.17 11.10+1.27 0.700
1609m time (min)* 5.88 £0.04 6.16 £ 0.24 0.160
Skm time (min)** 18.67 £ 0.06 19.50 £ 0.19 0.300
10km time (min)*** 42.75 £ 0.51 38.50 £ 0.47 0.200
Half marathon time (min)*** 101.83 £2.42 102.38 +4.19 0.650
Marathon time (min)**%* 233.00 = 6.60 228.50 £ 5.15 0.670

*p = §: k= G FhEy = §: kERRy = 3

A series of graphs depicting the matching of the subject pairs with respect to their training status and
running performance is presented in Figure 4.1.
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Figure 4.1. The matching of the subject pairs with respect to their training status and performance.
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The mean + SEM performance values during the 90-minute downbhill trial are given in Table 4.4. While
average speed and distance covered was slightly greater (p < 0.05) in the TRAU group during the 90-
minute downhill running trial, relative degree of exertion as reflected by the mean RPE, heart rate and

maximum heart rate and RPE was not significantly different (p > 0.05).

Table 4.4: Performance of the subjects TRAU and PLAC groups in the 90-minute downhill running
trial. Data presented as mean + SEM

Parameter TRAU (= 1) PLAC (= 1t p-valiue™

" Average Speed (Km/hr) 13.29+0.21 1284025 0020
Distance (km) 20.13+0.29 19.41 +0.38 0.030
Mean RPE 4.82 +£0.26 491 +£0.25 0.780
Mean Heart Rate 159.5 + 1.87 160.7 £ 2.09 0.630
Maximum Heart Rate 175.5 £3.11 180.3 +3.41 0.210
% of Heart Rate Maximum 839+ 1.32 85.4 £0.66 0.390
Maximum RPE 6.91 +0.38 7.27 £0.35 0.440

*Paired ¢ -tests TRAU vs, PLAC

4.2 Serum Creatine Kinase

The mean + SEM serum CK concentrations in the TRAU and PLAC groups is depicted in Figure 4.2. The
CK concentration rose significantly in response to 90-minutes of downhill running in both groups (p <
0.001), peaking at 24 hours post exercise and remained significantly elevated in the 48 PE and 72 PE
serum samples (p < 0.05) despite relatively large variances within the groups. The time effect between the
TRAU and PLAC groups was highly significant (p < 0.001), but the treatment-time interaction did not
reach statistical significance (p = 0.398; repeated measures ANOVA, Wilks’ Lambda test statistic).
Simple contrasts post-hoc analyses revealed that the absolute CK concentration differences were only

statistically significant at the IPE time point (p = 0.04).
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Figure 4.2: Mean + SEM serum creatine kinase concentrations of the TRAU (n = 10) and PLAC (n = 10) groups
before and after 90-minutes of downhill running on a treadmill, # p < 0.05 Time-effect, repeated measures ANOVA,
Wilks Lambda Test Statistic ** p < 0.05 Simple contrast post hoc comparison between groups at time point



4.3. Neutrophil Count
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Figure 4.3 : Mean + SEM neutrophil concentrations in the TR AU (n = 10) and PLAC groups (n = 10) before and
after the 90-minute treadmill trial. # p < 0.05 Time-effect, repeated measures ANOV A, Wilks Lambda Test Statistic,
*p < 0.05 Simple contrast post hoc comparison vs PRE

Figure 4.3 reflects that the absolute neutrophil counts (10°.L"') were significantly increased at the IPE time
point (p < 0.001) and returned to near pre-trial values within 24 hours in both the TRAU and PLAC
groups. The time effect between the TRAU and PLAC groups was highly significant (p < 0.003), but the
treatment-time interaction did not reach statistical significance (p = 0.940; repeated measures ANOVA,
Wilks’ Lambda test statistic).

4.4. Cortisol
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Figure 4.4: Mean + SEM serum cortisol concentrations of the TRAU (n = 10) and PLAC (n = 10) groups before and
after 90-minutes of downhill running on a treadmill *p < 0.05 Paired t-tests vs PRE; ** p < 0.05 Simple contrast post
hoc comparison between groups at time point
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Figure 4.4 graphically displays changes in serum cortisol concentrations for the the TRAU and PLAC
groups. The TRAU group increased to a peak of 754.2 + 340.5 nmol/€ while the control group reached a
peak of 600.6 + 148.4 nmol/{ (p < 0.001). In both groups, the decline in serum cortisol concentrations
was significant at 24 hours (p < 0.001) and by 72 hours, both groups had returned to near-pre trial cortisol

levels.

Repeated measures ANOVA revealed that the time effect was highly significant (p < 0.001) in both
treatment groups, but the group-time interaction did not reach statistical significance (p = 0. 767). Simple

contrast post hoc analyses verified these findings (p > 0.05) at each of the time points.
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Figure 4.5: Mean + SEM reported peak DOMS scores of the TRAU (n = 10) and PLAC (n = 10) groups following
participation in a 90-minute downhill run ; ** p < 0,05 Simple contrast post hoc comparison between groups at time

point

The mean + SEM post-trial DOMS scores reported by the TRAU group over the 3-day post-exercise
recovery period, were significantly different from those reported by the PLAC group (p = 0.04). Figure 4.5
depicts that the mean DOMS score peaked at Day 2 post trial and declined steadily thereafter. The
majority of subjects reported that pain was elicited during activities and walking as opposed to at rest. The
muscle groups most affected were the quadriceps muscles, followed by the calf muscles. The hamstring
muscle group was the least affected. Five subjects reported pain in all muscle groups. The overall means
of the DOMS scores over the four days following the trial were analysed using repeated measures
ANOVA tests not did not reveal a significant group-time interaction over the three days post exercise (p =

0.68). The difference between the two groups was significant 24 hours post-trial (p < 0.03; Figure 4.5).
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4.6. Plasma TNF o concentrations
The mean + SEM of TNFo immediately before, after and 24 hours after the 90-minute trial run are
presented in Figure 4.6. The 90-minute run did not result in a significant change in TNFa (p > 0.05) when

compared to the pre-test values. The values remained within the normal range throughout the 24 hour

period pre and post trial.
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Figure 4.6: Mean = SEM plasma TNFa concentrations (pg/ml) of subjects in the TRAU (n = 10) and PLAC (n = 10)
before and after participation in the 90-minute trial at 3 time-points

4.7. Plasma IL-6 concentrations

The mean + SEM of IL-6 concentrations determined by ELISA immediately before, after, 24, 48 and 72
hours after the 90-minute downhill trial run, are presented in Figure 4.7. The downhill run resulted in a
small (5-fold, 5.2 fold), but significant elevation in IL-6 (p < 0.05) when compared to the pre-test values.
The difference in the exercise-induced change between the two groups was, however, not statistically
significant (p > 0.05). IL-6 concentrations reached baseline levels within 24 hours following the run and

did not fluctuate during the subsequent 48 hour period monitored.
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Figure 4.7: Mean + SEM plasma IL-6 concentrations (pg/ml) of subjects in the TRAU (# = 10) and PLAC (n = 10} before and
after participation in the 90-minute trial at 5 time-points, # p < 0.05 Time-effect, repeated measures ANOV A, Wilks Lambda Test
Statistic, * p < 0.05, Simple contrast post hoc comparison vs. PRE
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4.8. Plasma IL-8 concentrations:
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Figure 4.8: Mean + SEM plasma IL-8 concentrations (pg/ml) of subjects in the TRAU (n = 10) and PLAC (n = 10)
before and after participation in the 90-minute trial at 3 time-points, *p < (.05, Simple contrast post hoc comparison

vs. PRE

The mean + SEM of IL-8 concentrations immediately before, after and 24 hours after the 90-minute
downhill trial run, are presented in Figure 4. 8. In the TRAU and PLAC groups, there was a significant
elevation in IL-8 (p < 0.05) when compared to the pre-test values. The difference in the exercise-induced
change between the two groups was, however, not statistically significant (p > 0.05). IL-8 concentrations

reached baseline levels in both groups within 24 hours following the run.

4.9, Plasma IL-10 concentrations:
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Figure 4.9: Mean + SEM plasma IL- 10 concentrations (pg/ml) of subjects in the TRAU (n =10) and PLAC (n = 10)
before and after participation in the 90-minute trial at 3 time-points, # p < 0.05 Time-effect, repeated measures
ANOVA, Wilks Lambda Test Statistic, *p < 0.05, Simple contrast post hoc comparison vs. PRE

Figure 4.9 reveals that the mean + SEM plasma IL-10 concentrations rose significantly in both groups

following the downhill exercise protocol (p < 0.001; p = 0.03) with mean concentrations peaking at 9.99
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and 10.11 pg/ml respectively. The time effect was statistically significant throughout the 24 hour period,

but the time-group interaction (p > 0.05) did not reveal a significant difference between the two groups.

4.10. Plasma IL-12p70 concentrations:
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Fi gure 4.10: Mean + SEM plasma IL-12p70 concentrations (pg/ml) of subjects in the TRAU (n = 10) and PLAC (n =
10) before and after participation in the 90-minute trial at 3 time-points

The mean + SEM of IL-12p70 concentrations immediately before, after and 24 hours after the 90-minute
downhill trial run, are presented in Figure 4.10 and Table 4.5. Due to the large variance in the results, the
exercise trials were not found to result in a statistically significant increases in the plasma IL-12p70
(pg/ml) concentrations and no significant group-time effect was observed in these cytokine
concentrations(p > 0.05).

Table 4.5: Plasma TNF- a, IL-S, IL-10, 1L-12p70 concentration preceding and following the trial
run. Data presented as mean + SEM

Parameter Pre Post 24 Hrs Post * p-value
TNFu_(pg/m]) . S
IRAL Group ND 1.12+£0.79 ND -
PLAC Group 1.49 + 0.69 291x1.21 3.84+2.11 0.547
IL-8 (pg/ml)

IRAL Group 11. 62 +0.69 23.94 + 1.63 5.28+2.30 0.129
PIAC Group 11.73 £2.69 17.60 £ 7.06 13.24 £ 0.94 0.327
IL-10 (pg/ml)

TRAU Group 1.85 +0.42 9.99 = 1.35 3.0+0.59 0.019
PLAC Group +5.28 + 0.81 +10.11 £ 1.52 6.0+ 1.60 0.433
IL-12p70 (pg/ml)

I RAU Group 3.67 £0.71 6.70 £ 148 4.73 £0.56 0.633
PLAC Group 8.61 £1.04 7.88 +£2.07 10.38 = 3.06 0.082

*Time Effect, Repeated Measures ANOV A, Wilks Lambda Test Statistic, ND: Not detected
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While Table 4.5 presents the results of flow cytometric bead array analyses at only three time points before
and after the 90-minute trial, Table 4.6 presents the results of the Elisa analysis of IL-6 at each of the 5

time points in the study.

Table 4.6: Plasma IL-6 concentration preceding and following the trial run. Data presented as mean
= SEM

Parameter Pre Post 24 Hrs Post 185 Hrs Post 72 Hrs Post povalue”
e EE——
IRAU Group 1.82 +£0.29 8.89 +0.98 2.71 £0.65 2.84 +0.37 2.00+043 0.000
PLAC Group 2.73+£043 12.31 £3.23 2.52 046 3.40 £ 0.63 2.95 +0.66 0.637

* Time Effect, Repeated Measures ANOV A, Wilks Lambda Test Statistic
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Chapter 5

Discussion

This trial presented with numerous challenges. Although it would have been ideal to use each subject as
their own control and conducted a classic cross-over, double-blinded-placebo controlled trial, this was not
possible due to the well-described confounding repeated bout effect (McHugh er af., 1999, 2003). As
previously described, the training effect of the first 90-minute downhill ranning trial would have resulted
in an attenuation of most markers of the inflammatory response to eccentric exercise (Hortobagyi er al.,
1997, 1998; McHugh ef al., 1999; McHugh, 2003, Lavendera and Nosaka, 2008). This would have
significantly impacted the results of the second trial run even after the wash-out period and has been
shown to persist for up to 3 months post-exercise (Hortobagyi er al., 1997, 1998; McHugh, 2003)
Therefore matched pairs were selected to participate in the study and every attempt was made to ensure
optimal matching. It was felt that this study design was superior to randomizing subjects when the sample

size was so small.

As is evident in Tables 4.1, 4.2 and Figure 4.1, subjects in the two groups were not significantly different
(p > 0.05) in terms of age, stature, mass, percentage body fat, body mass index, FVC, FEV,, RER Max,
VO, Peak, VE,,,, and heart rate at rest. They were also well matched with respect to their average weekly
running distance, number of running years, 1609 run time, performance in Skm, 10km, haif marathon
and/or marathon times. Where possible, subjects who were training partners and hence trained in similar

conditions, were matched.

5.1. Pre-Trial Data

Although every attempt was made to match the subjects in terms of the factors mentioned above, it would
appear that the subjects in the TRAU group entered the trial slightly less well-rested than those in the
PLAC group. This is reflected by the differences in the mean creatine kinase concentrations between the
two groups in the pre-trial samples (p < 0.05). We also confirmed the findings of Jordaan, (2006} of a
higher pre-trial cortisol concentration in the TRAU group following the 5 days of Traumeel administration.
As the anti-inflammatory effect of cortisol is well recognized, this may be a beneficial effect of Tranmeel

and does require further verification in studies with larger sample sizes.

5.2. Trial Performance

Subjects in TRAU group ran slightly faster and covered a slightly greater distance during the 90-minute
run than subjects in PLAC group (p < 0.05). This difference was statistically significantly (p = 0.03; p =
(.02). However, with respect to the relative degree of exertion as reflected by the mean RPE, heart rate and

maximum heart rate and RPE, there were no significant differences between the TRAU and the PLAC

096845
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groups during the 90-minute downhill trial run (p > 0.05). Although this may have indicated a slightly
superior training status in the TRAU group, analyses of the training and race profile (Table 4.3 and Fig

4.1.) indicates no difference between the groups.

The possibility of a lesser relative perception of effort and chronotropic adaptation to the higher work rate
following 5 days of TRAUMEEL administration in the TRAU group requires further investigation.
Although this has not been previously shown in scientific studies, numerous anecdotal reports do exist. It
is important that the post-trial recovery rates are evaluated in relation to the increased amount of work

done and greater power output in the TRAU group during the 90-minute trial.

5.3. Post-Trial Data

The eftect of the 90-minute downhill running trial was as follows:
o A significant increase in lencocytes/neutrophil count in both treatment groups.
o A significant increase in blood cortisol concentration in both treatment groups.
o A significant increase in creatine kinase concentration in both treatment groups.

o No change in the concentrations of plasma:

= TNF-«
= IL-12p70
o An increase in the concentrations of plasma:
= Ii-6
= IL-8
= IL-10

in both TRAU and PLAC groups.

Despite the relatively small downhill gradient (-6%), these confirm the findings of Ostrowski et al., 1998b,
1999; Singh er al., 1999; Nieman ef al., 2000; Peters et al., 2001b; Starkie ef af., 2001; McKune, 2006;

Smith ef al., 2007 with respect to cortisol, creatine kinase and IL-6, IL-8, IL-10 cytokine concentrations.

5.4. Serum Creatine Kinase

Our findings following the 90-minute bout of downhill running support those of McKune er al. (2006)
who found that a 60 minute bout of downhill running at a gradient of -13% resulted in substantial elevation
of CK post-exercise. Interestingly our CK concentrations peaked at 24PE (1394.8 + 273.96 in the TRAU
Group and 915.9 £ 192.46 in the PLAC group).

Of greatest interest is the fact that the faster running speed and greater distance covered on the treadmill by
the runners in the TRAU group, elicited a greater evidence of muscle damage in the TRAU group (n = 10)
in the IPE samples (p < 0.05), but not in the 24PE, 48PE, and 72PE samples. This would appear to reflect a
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more rapid recovery in the TRAU group. The faster mean recovery rate was, however, not of statistical

significance (p > 0.05). this was most likely due to large intra-group variance.

5.5. Neutrophil Counts

These results confirm that the downhill ranning protocol of 90-minutes, at a gradient of -6% and running
speed which elicited 75% of VO, peak, was sufficient to resuit in a significant elevation (p < 0.03) in
neutrophil counts in both TRAU and PLAC groups.

They confirm the previously described exercise-induced neutrophilia which has been reported to be related
to increasing serum cortisol concentrations (Pedersen, 1997) and to also be indicative of an acute reaction

to the microscopic muscle damage inflicted by the downhill running protocol.

The findings of this study revealed that despite the faster running speed, no significant time-treatment
interaction was shown between the TRS and PLAC groups in terms of WBC and neutrophil response to
the exercise protocol over the three-day period. This appears to indicate that TRAU does not act by

inducing the mobilisation of neutrophils in response to microscopic muscle damage.

5.6. Serum Cortisol

As particular care was taken to ensure that post trial blood sampling occurred at the same time of day, the
diumal rhythm of cortisol release from the adrenal gland was accounted for. The pre-exercise mean of
419.8 = 209.8 and 320.3 + 88.7 (which falls into the upper bracket of the morning reference range of
cortisol} in the TRAU and PLAC groups is attributed to the fact that all trials took place in the moming,

most starting before 9am.

The significantly higher pre-trial concentrations in the TRAU group following 5 days of supplementation,
confirm the findings of Jordaan (2006) who also reported elevated pre-trial cortisel concentrations in the
TRAU group. As large variations in baseline cortisol concentrations do exist between individuals (Peters,
2001 b), the finding, however, requires validation in a larger study before possible mechanisms of action

are investigated.

The concentration of cortisol rose significantly following the 90-minute run in both the TRAU and PLAC,
but had returned closer to baseline levels 24 hours post the trial-run with a significant (p = 0.001) time-
effect in both groups. As is reflected by the close to parallel alignment of the line graphs of the two groups,

the group-time effect was, however, not statistically significant (p = 0.767).

The almost two-fold (200%) rise in serum cortisol concentrations exceeds the 50% rise reported by

McKune er al. (personal correspondence, 2006) following 60 minutes of running at a steeper gradient of -
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13.5%. The rise would most likely have been caused by the damaging effect of downhill running on
muscle fibers in both the TRAU and PLAC groups over the 90 minute period. It is well described in the
literature that the debris produced by the muscle tissue damage activates the macrophages that are resident
in the muscle tissue, which produce pro-inflammatory cytokines, including TNF-a and IL-1B, which,
amongst other functions, increase cell membrane permeability and the influx of lymphocytes, neutrophils,
monocytes to the damaged tissue and activate the release of cortisol from the adrenal cortex (Malm er af.,
1999; Pederson and Toft, 2000). The resultant release of anti-inflammatory cytokines into the circulation
(Figure 2} is important in restraining the inflammatory response and accelerating the healing process ((Van
Brandt, 2002).

Interestingly, despite the consistently higher mean cortisol concentrations in the TRAU group over the 5
time points, the difference between the two groups was not statistically significant. As the range of serum
cortisol concentration is great between individuals, the large variance in combination with the low power
of the study, is the most likely reason for this. A larger study involving greater sample sizes is thus

imperative to clarify this potentially important anti-inflammatory mechanism by which Traumeel may act.

5.7. Plasma TNF - a

The 90-minute run did not result in a significant change in TNF-o concentrations when compared to the
pre-test values (p = 0.243, p = 0.165). TNF-o concentrations were, however, undetected in numerous
samples and the values remained within the normal range throughout the 24 hour period pre and post trial
(Nieman, et al., 2001, although Hirose er al., 2004). No time effect (p = 0.167) and no group time-

interaction (p = 0.547) was noted.

Numerous reports (Ostrowski ez al., 1998; Croisier ef al, 1999; Ostrowski ef al., 1999; Nieman et al. 2000,
Toft er al., 2000; Starkie er al., 2001; Hirose et al., 2004; Smith er al., 2007), especially those following
eccentric exercise, indicate that there is no significant exercise-induced increase. Firstly, the half-life of
circulating TNF-¢ is short {}14-18 nunutes) and the kidney is a major organ for TNF clearance. A rapid
renal clearance from the circulation into the urine has therefore been suggested as one of the reasons for
the failure of TNF-¢1 concentrations to be elevated post exercise (Seckinger er al., 1989 Shek and
Shephard, 1998; Suzuki er al., 2002). Exercise has also been shown to stimulate the release of soluble
TNF-a. receptors which inactivate systemic TNF-o release (Ostrowski ef al., 1999). Thirdly, prolonged
exercise results in the release of IL-10 which inhibits NF-kB translocation, promoting degradation of
mRNA for TNF-¢ (Opal et al., 1998} and also attenuates surface membrane expression of TNF-¢ receptors

and promotes shedding of the receptors into the circulation (Dickensheets er al., 1997; Joyce et al., 1994),
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The failure of plasma TNF-a concentration to rise and the inability to detect a difference between the two
treatment groups is thus an expected finding in in vivo work of this nature which involves the response to

prolonged exercise.

5.8. Plasma Interleukin - 6

The mean + SEM of plasma IL-6 concentrations immediately before, after and 24 hours after the 90-
minute trial run are presented in Table 4.6. The downhill run resulted in a relatively small (£5.2 fold), but
significant elevation in IL-6 (p < 0.05) when compared to the pre-test values. The difference in the
exercise-induced change between the two groups was, however, not statistically significant (p > 0.05).
There appeared to be a significant time effect (Table 4.6, (p < 0.001). The concentrations of IL-6 reached
baseline levels within 24 hours following the run and did not fluctuate duoring the subsequent 48 hour

period monitored.

Circulating IL-6 concentrations have been shown to increase both during and following bouts of severe
exercise, especially when muscle mass recruitment is large and exercise is of an eccentric nature. Many
studies have demonstrated increased levels of IL-6 following bouts of prolonged exercise which results in
the recruitment of large muscle mass which has been attributed to increased metabolic activity in muscle
((Ostrowski et al., 1998b, 1999, Singh et al., 1999, Nieman et al., 2001, Starkie er al., 2001 and Peters et
al., 2001a; 2001b; Smith et al., 2007).

The exercise-induced increase in IL-6 was, however, relatively modest when compared to previous reports

in the literature. Several factors could account for this.

Firstly, relatively low metabolic activity during downhill running when compared to running uphill or on a
level surface, would explain relatively small exercise-induced increases in IL-6 measured immediately
post exercise. In this regard our findings confirm those of Ostrowski et af.(1998b); Nieman et al.(2001);
Smith et a.(2007).

In terms of an inflammation responsive reaction occurring after completion of the eccentric exercise, the
timing of the post-exercise sample may have been an important factor. Previous research (Ostrowski et
al.,1998b) has shown that when the increase in IL-6 is the result of muscle damage, it only peaks in the
blood stream after 30-minutes. As our samples were taken immediately post-exercise, this may also

account for the moderate increase we reported.

It is, however, interesting that despite the greater distance covered, faster running speed and higher CK

concentrations in the TRAU group, IL-6 concentrations were not significantly higher in the TRAU group
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pointing towards the possibility of an attenuated inflammatory response in this group. This requires further

investigation in a larger study.

5.9. Plasma Interleukin - 8

The downhill run resulted in an approximately 9-fold increase in the serum concentrations of IL-8 in the
TRAU group and the PLAC group. This represented a significant elevation (p < 0.05) in IL-8 serum
concentration between the pre and post test concentrations. However, the difference in the exercise-
induced change between the two groups was, not statistically significant (p > 0.05). IL-8 concentrations
reached baseline levels within 24 hours following the run. The Repeated Measures ANOVA test revealed
that neither the increase in concentrations over time nor the time-group interactions were significantly

different (p = 0.129, p = 0.327).

The results of this study concur with the results of other studies which revealed that following periods of
intense eccentric exercise or periods of exhaustive exercise, serum IL-8 concentrations have been shown to
be significantly elevated in the blood (Nieman et al., 2000; Suzuki et al., 2000; Nieman e¢f al., 2001;
Ostrowski et al., 2001; Smith ef ai., 2007). In both groups, the downhill running protocol therefore not
only resulied in increased neutrophil concentrations in the blood, but also increased the concentrations of
the chemotactic cytokine, IL-8. As the concentrations of the two groups were, however, not significantly
different between the two groups despite the higher workload in the TRAU group, the findings of this
study do not provide evidence of increased chemotactic stimulus for phagocytes following ingestion of

Traumeel®S.

5.10. Plasma Interleukin - 10

The mean + SEM plasima IL-10 concentrations rose significantly in both groups following the downhill
exercise protocol (p < 0.001; p = 0.03) with mean concentrations peaking at 9.99 and 10.11 pg/ml
respectively. The time effect was statistically significant throughout the 24 hour period (p = 0.02), but the

time-group interaction (p > 0.05) did not reveal a significant difference between the two groups.

IL-10 is part of the primary anti-inflammatory cytokine group and acts by inhibiting pro-inflammatory
cytokine production by monocyte and macrophage activation. The findings of this study support those of
Peters et al. (2001b), Suzuki et al. {2002), Smith et af (2007) who reported that high intensity exercise of

extended durations may induce the release of IL-10 into the circulation.

As the downhill protocol used in the study, did according to the raised CK levels and degree of post-
exercise neutrophilia, induce muscle microtrauma, post-exercise elevation of IL-10 was an expected
finding (Peters et al.., 2001b; Peters, 2004). The rise in IL-10 was, however, not different between the
TRAU and PLAC trials, despite the significantly greater running distance and faster running speed, a
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finding which is in alignment with that of the cortisol, IL-6 and IL-8 results. This supports the possibility
of a protective effect in the TRAU group.

5.11. Plasma Interleukin — 12p70

Due to the large variance in the results, the exercise trials were not found to result in a statistically
significant increase in serum IL-12p70 (pg/ml) concentrations and no significant group-time effect was
observed in the cytokine concentrations (p > 0.05). This confirms the findings if Akimoto et a/. (2000) and
Suzuki er al. (2002).

While the inconsistencies and lack of reproducibility have been attributed to the rapid down-regulation of
IL-12 levels following exercise and to different measurement methods (Suzuki ef af., 2002; Smith et al.,
2007), it is also of interest that the p70 subunit and not the p40 subunit was measured. In view of the
important function of IL-12 in activating Thl cells, this failure of IL-12p70 to increase significantly, was
an expected finding. On the one hand , it may be interpreted to indicate that the exercise protocol was not
intense enough to downregulate the Thl cells and hence cell-mediated immunity. On the other hand,
measurement of the p40 subunit may have provided more valid data and would have been a more

advisable choice in view of the recent findings of Suzuki et af, (2003).
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Chapter 6

Conclusions and Recommendations

Despite the shortcomings of this study which include a relatively small sample size and limited statistical

power, several interesting observations were made.

1. The subjects in the TRAU group presented with higher pre-trial blood CK and cortisol
concentrations than the PLAC group after administration of Traumeel® S for 5 days. This requires

further investigation.

2. In both TRAU and PLAC groups, the exercise-induced increase in IL-6, II-8 and IL-10
concentrations, provided evidence of an inflammatory response to the downhill running protocol
and an upregulation of the Th2 cells. The failure of IL-12p70 to increase significantly, however,
appears to indicate that the downhill running protocol was not intensive enough to downregulate

Th1 cells and suppress cellular immunity.

3. Although the subjects in the TRAU group did not report a superior competitive performance or
training status profile before the study (p > 0.05), the average running speed and distance covered
in the 90-minute trial was greater than the subjects in the PLAC group. This was confirmed by
higher 24hr post-trial CK concentrations. Despite this, their mean and maximum RPE (p = 0.441)
and mean and maximum heart rate (p = 0.209) was not greater. In addition, blood cortisol, TL-6,
IL-8 and IL-10 concentrations were not significantly higher in the TRAU group. In view of the
higher work output of the TRAU group during the 90-minute trial, this is, however, indicative of a

possible protective effect of Traumeel®S and is worthy of furiher investigation.

A number of directions for future research can also be identified from the findings of this study. These

include the following:

L. In future studies, the p40 subunit of [L-12 should be measured in order to verify the conclusion
that downregulation of Th1 cells does not occur following an exercise protocol of this nature and

that Traumeel does not act on the cellular component of the immune system.

2. Every atternpt also needs to be made to ensure that subject pairs complete the same amount of
work on the treadmill over the specified time-period in order to ensure that the intervention

designed to induce muscle damage, is equal for the two groups. While more precise matching of



pairs may, however, be difficult, a larger sample size would ensure that significant differences

would not exist in a randomized, double-blind study of this nature.

3. Molecular investigations into the expression of NF-kB would be valuable in confirming the
findings of the inflammation responsive cytokine milieu in a further study, while measurement of
TGF-f would provide valuable additional insights into the anti-inflammatory properties of

Traumeel.

59



10.

I1.

12,

13.

14

15.

16.

References

Agarwal SK, Marshall GD. Glucocorticoid-induced type 1 type 2 cytokine alterations in humans: A
model for stress related dysfunction. J. Interferon & Cytokine Res 18:1059-1068, 1998.

Akimoto T, Akama T, Tatsuno M, Saito M, Kono 1. Effect of brief maximal exercise on circulating
levels of interleukin-12. Eur J Appl Physiol 81: 510-512, 2000.

Amat, AM, Corrales JA , Serrano FR, Boulaiz H, Salazar JC, Contreras FH, Octavio CP, Delgado E,
Martin I, Jimenez AA. Role of a-actin in muscle damage of injured athletes in comparison with
traditional markers Br J Sports Med 41:442-446, 2007.

Arend WP. Interleukin-1 receptor antagonist. Adv Immunol 54:167-227, 1993.

Bagby GJ, Crouch LD, Shepherd RE. Exercise and cytokines: Spontaneous and elicited response. In
Exercise and Immune function, ed. Hoffman, G. L., pp. 55—78. CRC Press, New York, 1996.

Berguer R, Bravo N, Bowyer M, Egan C, Knolmayer T, Ferrick D. Major surgery suppresses
maximal production of helper T-cell type 1 cytokines without potentiating the release of helper T-cell
type 2 cytokines. Arch Surg 134: 540-544, 1999,

Bernton E, Hoover D, Galloway R. Popp K. Adaptation to chronic stress in military trainees. New
York Acad Sci 774:217-231, 1995.

Bohmer D, Ambrus P. Treatment of sports injuries with Traumeel ointment: a controlled double-blind
study. Biol Ther 10: 290-300, 1992.

Brandtzaeg P, Osnes L, Ovstebo R, ef al. Net inflammatory capacity of human septic shock plasma
evaluated by a monocyte-based target cell assay: identification of interleukin-10 as a major functional
deactivator of human monocytes. J Exp Med 184:51-60, 1996.

Bruunsgaard H, Andersen-Ranberg K, Jeune B, Pedersen AN, Skinhoj P, Pedersen BK. A high
plasma concentra-tion of TNF-alpha is associated with dementia in centenarians. J Gerontol A Biol
Sci Med Sci 54: M357-M364, 1999,

Bruunsgaard H, Galbo H, Halkjaer-Kristensen J, Jo-Hansen TL, Maclean DA, Pedersen BK.
Exercise-induced increase in interleukin-6 is related to muscle damage. J Physiol (Lond) 499: 833—
841, 1997,

Bruunsgaard H, Pedersen AN, Schroll M, Skinhoj P, Pedersen BK. TNF-alpha, leptin, and
lymphocyte function in human aging. Life Sci 67: 2721-2731, 2000a.

Bruunsgaard H, Skinhoj P, Pedersen AN, Schroll M, Pedersen BK. Ageing, tumour necrosis factor-
alpha (TNF-al-pha) and atherosclerosis. Clin Exp Immunol 121: 255-260, 2000b.

Byrnes WC, Clarkson PM, White JS, Hsich SS, Frykman PN, Maughan RJ. Delayed onset muscle
soreness following repeated bouts of downhiil running. J. Appl. Physiol 59(3): 710-715, 1985.

Camus G, Pincemail J, Ledent M, Juchmesferir A, Lamy M, Debydupont G, Deby C. Plasma levels of
polymorpho-nuclear elastase and myeloperoxidase after uphill walking and downhill running at
similar energy cost. Int J Sports Med 13: 443-446, 1992.

Cannon JG, Evans W], Hughes VA, Meredith CN, Dinarello CA. Physiological mechanisms
contributing to increased interleukin-1 secretion. J Appl! Physiol 61:1869-1874, 1986.

60


file:///AA2-H6

17.

18.

19.

20.

21,

22,

23,

24.

25.

26.

27.

28.

29.

30.

31.

32.

Cannon JG, Fielding RA, Firatarone MA, Orencole SF, Dinarello CA, Evans WJ. Increased interieukin
1 beta in human skeletal muscle after exercise. Am J Physiol Regulatory Integrative Comp Physiol
257: r1451-R455, 1939,

Cannon JGA Kluger MJ. Endogenous pyrogen activity in human plasma after exercise. Science 220:
617619, 1983,

Carlson BM. Factors influencing the repair and adaptation of muscles in aged individuals: satellite
cells and innervation. J Gerentol A Biol Sei Med Sci 50 Spec No: 96-100, 1995,

Castell LM, Poortmans JR, Leclercq R, Brasseur M, Duchateau J, Newsholme EA. Some aspects of
the acute phase response after a marathon race, and the effects of glutamine supplementation. Eur J
Appl Physiol 75: 47-53, 1997.

Clarke CJP, Hales A, Hunt A, et al. IL-10 mediated suppression of TNF-[Alpha] production is
independent of its ability to inhibit NF-[Kappa]B activity. Eur J Immunol 28:1719-1726, 1998,

Conforti A, Bertani S, Metelmann H, Chirambolo S, Lussignoli S, Bellavite P. Experimental studies
on the anti-inflammatory activity of a homeopathic preparation. Biomed Ther 15(1): 28-31, 1997.

Croisier JL, Camus G, Venneman [, Deby-Dupont (5, Juchmes-Ferir A, Lamy M, Crielaard IM, Deby
C, Duchateau J. Effects of training on exercise-induced muscle damage and interleukin 6 production.
Muscle Nerve 22:208- 212, 1999,

Dickensheets HL, Freeman SL, Smith MF, Donnelly RP. Interleukin-10 upregulates tumor necrosis
factor receptor type-11 (p75) gene expression in endotoxin-stimulated human monocytes. Blood 90:
41624171, 1997,

Dinarello. C.A. The interlevkin-1 family: 10 years of discovery. FASEEB Journal Vol 8, Issue 15,
pages 1314-25, 1994,

Dufaux B Order U. Plasma elastase-alpha |-antitrypsin, neopterin, tumor necrosis factor, and soluble
interleukin-2 recep-tor after prolonged exercise. Int J Sports Med 10: 434-438, 1989.

Dumin JVGA Womersly J. Body fat assessed from total body density and its estimation from skinfold
thickness measurements on 481 men and women aged from 16 to 72 years. Br J Nutr 32:77-97, 1974.

Dunn E, Sims JE, Nicklin MJH, O'Neill LAJ. Annotating genes with potential roles in the immune
system: six new members of the IL-1 family. Trends in Immunology Vol 22, Issue 10,533-6, 2001.

Elenkov IJ Chrousos GP. Stress hormones, Th1/Th2 patterns, pro/anti-inflammatory cytokines and
susceptibility to disease. Trends Endocrinol Metab 10: 359-368, 1999.

Eston, R. G., Mickleborough, J., Baltzopoulos, V. Eccentric activation and muscle damage:
biomechanical and physiological considerations during downhill unning. Br J Sports Med 29(2): 89—
94, 995.

Evans, P. Huchlebridge, F. Ciow A. Mind, Immunity and Health: the Science of
Psychoneuroimmunology. Free Association Books, London. 2000.

Febbraio, MA, Pedersen BK. Contraction-Induced Myokine Production and Release: [s Skeletal
Muscle an Endocrine. Organ Exercise & Sport Sciences Reviews 33(3):114-119, July, 2005.

6]



33.

34,

35,

36.

38.

39.

40.

4].

42.

43.

45.

46.

47.

48.

49,

Fiorentino DF et al., Two types of mouse T helper cell. IV, Th2 clones secrete a factor that inhibits
cytokine production by Th1 clones. Journal of Experimental Medicine 170: 2081-2095, 1989.

Flores EA, Bistrian BR, Pomposelli JI, Dinarello CA, Blackbum GL, Istfan NW. Infusion of tumor
necrosis factor/cachectin promotes muscle metabolism in the rat. A synergistic effect with interleukin.
1. J Clin Invest 83: 1614-1622, 1989,

Franchimont D, Galon J, Gadina M, Visconti R, Zhon Y, Aringer M, Frucht DM, Chrousos GP,
O’Shea JJ. Inhibition of Thl immune response by glucocorticoids: dexamethasone selectively
inhibits [L-12-induced Stat4 phosphorylation in T lymphocytes. J Inununol 164: 1768-1774, 2000.

Fridén, JR, Lieber RL. Eccentric exercise-induced injuries to contractile and cytoskeletal muscle fibre
components Acta Physiologica Scandinavica 171 (3), 321-326, 2001.

. Friden JR, Lieber RL. Structural and mechanical basis of exercise-induced muscle injury. Medicine &

Science in Sports & Exercise 24(5):521-530, May, 1992,

Fry RW, Morton AR, Crawford GP, Keast D. Cell numbers and in vitro responses of leukocytes and
lymphocyte subpopulations following maximal exercise and interval training sessions of different
intensities. Eur J App! Physiol 64: 218-227,1992.

Gerard D, Bryns C, Marchant A, er al., Interleukin 10 reduces the release of tumor necrosis factor and
prevents lethality in experimental endotoxemia. J Exp Med 177:547-550, 1993.

Ganong, WF, 2005. Review of Medical Physiology. 22™ Ed. McGraw-Hill Co. London, 2005.

Gibson J, Haslam Y, Laurenson L, Newmann P, Pit R, Robins M. Double blind trial of Arnica in
acute trauma patients, Homoeopathy 41: 54-55, 1991,

Gleeson M, Almey J, Brooks §, Cave R, Lewis A, Griffiths H. Haematological and acute-phase
responses associated with delayed-onset muscle soreness in humans. Eur J Appl Physiol 71: 137-142,
1995.

Gleeson M. The scientific basis of practical strategies to maintain immunocompetence in elite
athletes. Ex. Imm. Rev 6:75-101, 2000,

. Gleeson M, McDonald WA, Pyne DB, Cripps AW, Francis JL, Fricker PA, Clancy RL. Salivary IgA

levels and infection risk in elite swimmers. Med. Sci. Sports Exerc 31:67-73, 1999

Golden CL, Dudley GA. Strength after bout of eccentric or concentric actions. Med Sci Sports Exer
24(8): 926-933, 1992.

Goldberg Al, Kettelhut IC, Furuno K, Fagan JM, Baracos V. Activation of protein breakdown and
prostaglandin E2 production in rat skeletal muscle in fever is signaled by a macrophage product
distinct from interleukin-1 or other known monokines. Journal of Clinical Investigation 81 (5): 1378-
1383, May, 1988.

Grobler, L.A, M Collins, M I Lambert, C Sinclair-Smith, W Derman, A St Clair Gibson, T D Noakes.
Skeletal muscle pathology in endurance athletes with acquired training intolerance. Br J Sports Med
38: 697-703, 2004.

Handbook Materia Medica, Heel GmbH, 1992,

Heine H, Schmotz M. Induction of the immunological bystander reaction by plant extracts.
Biomedical Therapy 16(3): 224-226, 1998.

62



50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

61.

62,

63.

63.

Henson DA, Nieman AD, Nehlsen-Cannarella 5L, Fagoaga OR, Sahnnon M., Bolton, MR, Davis
IM, Gafney CT, Kelln WI, Astin MD, Hjertman JME, Schillng BK. Influence of carbohydrate on
cytokine and phagocytic responses to 2h of rowing. Med. Sci. Sports Exerc 32:1384-1389, 2000.

Hirose, L., Nosaka, K, Newton, M, Laveder, A, Kano, M, Peake, J Suzuki, K. Changes in
inflammatory mediators following eccentric exercise of the elbow flexors. Exercise Immunology
Review 10 : 7590, 2004

Hirsch E, Irikura, VM, Paul SM, Hirsh D, Functions of interleukin-1 receptor antagonist in gene
knockout and overproducing mice. Jnununology 93:11008-11013, 1996.

Hortobagyi T, Lambert NJ, Hill JP. Greater cross education following training with muscle
lengthening than shortening. MedSci Sports Exerc 29:107-112, 1997.

Hortobagyi T, Houmard J, Fraser D, Dudek R, Lambert J, Tracy J. Normal forces and myofibrillar
disruption after repeated eccentric exercise. J Appl Physiol. 84:492-498, 1998.

Howard M O'Garra A. Biological properties of interlenkin 10. Immunology Today 13: 198-200, 1992.

Huising MO, Stet RJ, Savelkoul HF, Verburg-van Kemenade BM. The molecular evolution of the
interlevkin-1 family of cytokines; IL-18 in teleost fish. Dev Comp Immunol 28:395-413, 2004.

Jones C, Allen T, Talbot J, Morgan DL, Proske U. Changes in the mechanical properties of human
and amphibian muscle after eccentric exercise. European Journal of Applied Physiology 76, 21-31,
1997.

Jonsdottir IH, Schjerling P, Ostrowski K, Asp S, Richter EA, Pedersen BK. Muscle contractions
induce interleukin-6 mRNA production in rat skeletal muscles. J Physiol 528: 157-163, 2000,

Jordaan, DP: Traumeel S: The Sportman’s Answer To Enhanced Exercise Performance and The
Overtraining Syndrome? Masters Thesis, University of Pretoria, Department of Biokinetics, Sports
and Leisure Sciences, 2006.

. Joyce DA, Gibbons DP, Geen P, er al. Two inhibitors of pro-inflammatory cytokine release,

interleukin-10 and interleukin-4, have contrasting effects on release of soluble p75 tumor necrosis
factor receptor by cultured monocytes. Eur J Immunol 24:2699-2705, 1994,

Kalinski PL, Vieira JH, Schuitemaker EC, de Jong M, Kapsenberg L. Prostaglandin E(2) is a selective
inducer of interleukin-12 p40 (IL-12p40) production and an inhibitor of bioactive IL-12p70
heterodimer. Blood 1:97 (11):3466-9, 2001.

Keller C, Steensberg A, Pilegaard H, Osada T, Saltin B, Pedersen BK, Neufer PD. Transcriptional
activation of the [L-6 gene in human contracting skeletal muscle: influence of muscle glycogen
content. FASEB J 15: 2748-2750, 2001,

Kelso A, Troutt AB, Maraskovsky E, Gough NM, Morris L, Pech MH, Thomson, Heterogeneity in
lymphokine profiles of CD4+ and CD8+ T cells and clones activated in vivo and in vitro JA.Inumunol
Rev 123:85-114, 1991.

. Kelso A. Thl and Th2 subsets: paradigms lost? Immunol Today 16:374-379, 1995.

Kishimoto T, Akira S, Narazaki M, Taga T. Interleukin-6 family of cytokines and gp130. Blood. 86:
1243-1254, 1995.

63



66.

67.

68,

69,

70.

71,

72,

73.

74.

73,

76.

77.

78.

79,

80.

31,

82,

83.

Kubo I, Muroi H, Kubo A, Chandhuri SK, Sanchez Y, Ogura T. Antimicrobial agents from
Heterotheca inuloides. Planta Medica 6:218-221, 1994,

Lavendera AP, Nosaka K. A light load eccentric exercise confers protection against a subsequent
bout of more demanding eccentric exercise, Journal of Science and Medicine in Sport 11, 291—298,
2008.

Lalani I, Bhoi K, Ahmed AF. Interleukin-10: biology, role in inflammation and autoimmunity, Ann
Allergy 79:469-483, 1997.

Lucey DR, Clerici M, Shearer GM. Type 1 and type 2 cytokine dysregulation in human infectious,
neoplastic, and in-flammatory diseases. Clin Microbiol Rev 9:532-562, 1996.

Lussignoli S, Bertani S, Metelmann H, Bellavite P, Conforti A. Effect of Traumeel S, a Homeopathic
formulation, in blood-induced inflammation in rats. Complement Ther Med 7:(4):225-30, Dec, 1999.

Lyss G, Schmidt TJ, Merfort 1, Pahl HL.. Helenalin, an anti-inflammatory sesquiterpene lactone from
Arnica, selectively inhibits transcription factor NF-KB. Bio! Chem 378(9):951-961, 1997.

MacIntyre DL, Reid WD, McKenzie DC. Delayed muscle soreness. The inflammatory response to
muscle injury and its clinical implications. Sports Med 20(1): 24-40, 1995.

Mackay, Charles R. Chemokines: Immunology's high impact factors. Nature Immunology 2,95 — 101,
2001,

Mackinnon LT. Immunity in athletes. Int J Sports Med 18(Suppl 1): S62-8, 1997.

Malm C, Sjodin, B, Sjoberg, B, Lenkei, R, Renstrém, P, Lundberg, IE, Ekblom B. Leukocytes,
cytokines, growth factors and hormones in human skeletal muscle and blood after uphill or downhill
running; J Physiol 556 (3); 983-1000, 2004.

Malm C, Pernilla Nyberg, Marianne Engstrom, Bertil Sjodin, Roedica Lenkei, Bjorn Ekblom, Ingrid
Lundberg. Immunological changes in human skeletal muscle and blood after eccentric exercise and

multiple biopsies The Journal of Physiology 529.1, pp. 243-262, 2000.

Marchant A, Deviere J, Byl B, et al. Interleukin-10 production during septicaemia. Lancet 343:707-
708, 1994,

McKune, A.J., Smith, LL, Semple, SI, Mokethwa, B, Wadee, AA. Immunoglobulin responses to a
repeated bout of downhill running. B. J. Sports Med 40: 844-849, 2006.

McHugh MP, Connolly DAJ, Eston RG, Gleim GW. Exercise-induced muscle damage and potential
mechanisms for the repeated bout effect. Sports Med Journ 27(3): 157-170, 1999,

McHugh, M. Recent advances in the understanding of the repeated bout effect: a brief review, Scand.
J. Med. Sci. Sports 1 3: 1-10, 2003.

Moore GE, Holbein ME, Knochel JP. Exercise-associated collapse in cyclists is unrelated to
endotoxemia. Med Sci Sports Fxercise 27: 12381242, 1995.

Moshage, H. Cytokines and the hepatic acute phase response. J. Pathology 181: 257-266, 1997,

Mosmann TR, Coffmann RL. Heterogeneity of cytokine secretion patterns and functions of helper T-
cells. Adv Immunol 46: 111-147, 1989,

64



84.

85,

86.

87.

88.

89.

91.

92.

93,

94,

95.

96.

97.

98.

99,

Mucci P, Durand F, Lebel B, Bousquet J Prefaut C. Interleukins 1-beta, -8, and histamine increase in
highly trained, exercising athletes. Med Sports Exerc 32, 1094-1100, 2000.

Muzio M, Polentarutti N, Sironi M, Poli G, de Gioia L, Introna M, er al. Cloning
and characterization of a new isoform of the interleukin-1 receptor antagonist. Journal of
Experimental Medicine Vol 182, 623-628, Aug 1995.

Nehlsen-Canarella SL, Fagoaga OR, Nieman DC. Carbohydrate and the cytokine response to 2.5
hours of running. J Appl Physiol 82: 1662-1667, 1997.

Newham DJ, Mills KR, Quigley BM, Edwards RH. Pain and fatigue after concentric and eccentric
muscle contractions. Clin Sci (Lond) 64: 5562, 1983,

Nielsen HB Pedersen BK. Lymphocyte proliferation in response to exercise. Eur J Appl Physiol 75:
315-379, 1997.

Nieman DC. Carbohydrates and the immune response to pro-longed exertion. In:  Nutrition and
Exercise Immunology, edited by Nieman DC, Pedersen BK. Boca Raton, FL: CRC, p.25-42, 2000.

Nieman DC. Exercise, Infection, and Immunity. Int J of Sports Med Suppl 15: S131-5141, 1994,

Nieman, DC, Henson D, Smith LL, Alan C. Utter, Debra M. Vinci, J. Mark Davis, David E,
Kaminsky, Max Shute. Cytokine changes after a marathon race J App! Physiol. 91: 109-114, 91(1),
109-114, July 2001,

Nieman, DC, Peters, EM Henson, DA, Nevines EI, Thomson MM. Influence of Vitamin C
supplementation on cytokine changes following an ultra marathon. J Interf Cyiokin Res 20: 1029-
1035, 2000.

Noonan TJ, Garrett Jr. WE. Injuries at the myotendinous junction. Clinics in Sports Medicine |1:
783-806, 1992.

Northoft A, Weinstock C, Berg A, Similarities and differences of the immune response to exercise
and trauma. The IFN-y concept. Can J Phsiol Pharmacol 76: 497-504, 1998.

Nosaka K, Newton MJ, Sacco P. Attennation of protective effect against eccentric exercise induced
muscle damage. Can J Appl Physiol 30(5): 529-542, 2005.

Nosaka K, Newton MJ. Repeated eccentric exercise bouts do not exacerbate muscle damage and
repair. J. Strength Cord. Res 16(1): 117-122, 2002,

Opal SM, Wherry JC, Grint P. Interleukin-10: potential benefits and possible risks in clinical
infectious diseases. Clin Infect Dis 27 (6):1497-507, Dec 1998.

Ostrowski K, Claus Hermann, Aimal Bangash, Peter Schjerling, Jakob Nis Nielsen, Bente Klarlund
Pedersen A trauma-like elevation of plasma cytokines in humans in response to treadmill running The
Journal of Physiology 513.3, pp. 889-894, 1998a.

Ostrowski K, Rohde T, Zacho M, Asp S, Pedersen BK. Evidence that interleukin-6 is produced in
human skeletal muscle during prolonged running. J Physiol (Lond) 508: 949-953, 1998b.

100. Ostrowski K, Rohde T, Asp S, Schjerling P, Pedersen BK. Pro- and anti-inflammatory cytokine

balance in strenuous exercise in humans. J Physiol 515: 287-291, 1999a.

65



101. Ostrowski K, Rohde T, Asp S, Schjerling P, Pedersen BK. The cytokine balance and strenuous
exercise: TNF-alpha, IL-2beta, IL-6, IL-1ra, sSTNF-rl, sTNF-r2, and IL-10. J Physiol (Lond) 515:
287-291, 1999b.

102. Paul IL, Munro MB, Abernethy, SSR, Radin EL, Rose RM. Musculo-skeletal shock absorption:
Relative contribution of bone and sort tissue at various frequencies. J. Biomech 11, 237-239, 1978.

103. Peake JM, Suzuki K, Hordern M, Wilson G, Nosaka K, Coombes JS. Plasma cytokine changes in
relation to exercise intensity and muscle damage. Eur. J. Appl Physiol 108, 2005a

104. Peake JM, Nosaka K, Suzuki K. Characterization of inflammatory responses to eccentric exercise in
humans. Exerc. Immunol. Rev 11: 64-85, 2005b

105, Peake, Jonathan M., Suzuki, Katsuhiko, Wilson, Gary, Hordern, Maithew, Nosaka, Kazunori,
Mackinnon, Laurel, Coombes, Jeff S. Exercise-Induced Muscle Damage, Plasma Cytokines, and
Markers of Neutrophil Activation. Medicine & Science in Sports & Exercise 37(5).737-745, 2005

106.Pedersen BK Hoffman-Goetz L. Exercise and the immune system: regulation, integration, and
adaptation, Physiol Rev 80: 10551081, 2000.

107. Pedersen BK, Ostrowski K, Rohde T, Bruunsgaard H. The cytokine response to strenuous exercise.
Can J Physiol Pharmacol 76: 505-511, 1998.

108. Pedersen BK, Steensberg A, Schjerling P. Muscle-derived interleukin-6: possible biological effects. J
Physiol 536: 329-337, 2001.

105. Pedersen BK. Special feature for the Olympics: effects of exercise on the immune system: exercise
and cytokines. Immunol Cell Biol 78: 532-535, 2000.

110.Peters EM. Exercise, immunology and upper respiratory tract infections, Int J. Sports Med 18; S69-
S$77,1997a.

111, Peters EM. Vitamin C, neutrophil function and upper respiratory tract infection nisk in distance
runners. The Missing Link. Ex Immunol. Rev 3: 32-52, 1997b.

112.Peters EM, Anderson R, Nieman DC, Fikl H, Jogessar V. Vitamin C supplementation attenuates the
increases in circulating cortisol, adrenalin and anti-inflammatory polypeptides following
ultramarathon running. Int J. Sports Med 22: 537-545, 2001b.

113. Peters EM. Interleukin-6: Exercise factor and modulator of metabolic function. S.A. Sports Medicine
16(3): 3-9, 2004a.

114. Peters EM. Postrace Upper Respiratory Tract “Infections™ in ultramarathoners: Infection, allergy or
inflammation? SA Sports Medicine, Vol.16 (1): 3-9, 2004.

115.Peters EM, Anderson R, Nieman DC. Augmentation of the acute phase response in vitamin-c
supplemented ulira-marathon mnners. S. A. J. Sports Medicine, 17(1), 4-10, 2005.

116. Peters EM, Bateman ED. Ultramarathon running and upper respiratory tract infections. An
epidemiological survey. S Afr Med J Oct 1; 64(15):582-584, 1983.

117. Peters-Futre EM, Vitamin C and Exercise-Induced Oxidative and Inflammatory Stress In Ultra
Marathon Athletes. PhD Thesis, University of Pretoria, 2002

66



118. Petersen J, Holmich P. Evidence based prevention of hamstring injuries in sport. Br J Sports Med 39
319-323, 2005.

119.Pizza FX, Davis BH, Henrickson SD, Mitchell IB, Pace JF, Bigelo WN, DilLauroc P, Naglieri T.
Adaptation to eccentric exercise: effect on CD64 and CD11b/CD18 expression. J. Appl. Physiol 80:
47-55, 1996.

120.Pizza, F. X., Baylies, H., Mitchell, J. B. Adaptations to Eccentric Exercise: Neutrophils and E-selectin
during Early Recovery.Can. J. App I. Physiol 2 6: 245-253, 2001.

121.Pizza FX, Koh TJ, Mcregor SJ, Brooks, SV. Muscle inflammatory cells after passive stretches,
isometric contractions, and lengthening contractions. J.Appl. Physiol 92: 1873-1878, 2001.

122.Porozov S, Cahalon L, Weiser M, Branski D, Lider O, Oberbaum M. Inhibition of IL-1beta and TNF-
alpha secretion from resting and activated human immunocytes by the homeopathic medication
Travmeel 8. Clin Dev Immunol 11(2):143-9; June, 2004,

123. Proske, U, Morgan, D.C. Muscle damage from eccentric exercise: mechanism, mechanical signs.
Journal of Applied physiology 537 (2), 333-345, 2001.

124.Rhind, S. G,, P. N. Shek, S. Shinkai, R. J. Shephard. Effects of moderate endurance exercise and
training on in vitro lymphocyte proliferation, interleukin-2 (IL-2) production, and IL-2 receptor
expression. Eur. J. Appl. Physiol 74: 348-60, 1996.

125.Richards C, Gauldie J. Role of cytokines in acute-phase response. In: Human Cytokines: Their Roles
in Disease and Therapy, edited by B. B. Aggarwal R. K. Puri. Cambridge, MA: Blackwell Science, p.
253-269, 1995.

126. Rincon M, Anguita J, Nakamura T, Fikrig E, Flavell RA. Interleukin (IL}-6 directs the differentiation
of IL-4 producing CD41 T cells. J Exp Med 185: 461469, 1997,

127.Rohde T, Maclean DA, Richter EA, Kiens B, Pedersen BK. Prolonged submaximal eccentric exercise
is associated with increased levels of plasma IL-6. Am J Physiol Endocrinol Metab 273: E85-E91,
1997,

128. Romagnani, S. Cytokines and the Th1/Th2 paradigm. In: The Cytokine Network. F. Balkwill (Ed). pp
71-102. Oxford University Press, Oxford, 2000,

129.Schroder H, Losche W, Strobach H, Leven W, Willuhn G, Till U, Schror K. Helenalin and 11
alpha,13-dihydrohelenalin, two constituents from Arnica montana L., inhibit human platelet function
viathiol-dependent pathways. Thromb. Res; 57: 839-845, 1990.

130. Schwane, JA, Armstrong BB, Effect of training on skeletal muscle injury from downhill running in
rats. J. Appl. Physiol. Respirat. Environ. Exercise Physiol 55: 969-975, 1983,

131.Singh AD, Papanicolaou L, Lawrence et al., Neuroendocrine responses to running in women afier
zinc and vitamin E supplmentation. Med Sci Sports Exerc 31, p.536, 1999

132.Smirnova MG, Kiselev SL, Gnuchev NV, et al., Role of the pro-inflammatory cytokines tumor
necrosis factor-alpha, interleukin-1 beta, interleukin-6 and interleukin-8 in the pathogenesis of the
otitis media with effusion. Eur. Cytokine Netw 13 (2): 161-72, 2003.

133.Smith JA, Mckenzie SJ, Telford RD, Weidemann MJ. Why does moderate exercise enhance, but
intense training depress, immunity? In: Behavior and Immunity p.155-168, 1992,

67



134. Smith JA, Telford RD, Baker MS, Hapel AJ, Weidemann MJ. Cytokine immunoreactivity in plasma
does not change after moderate endurance exercise. J App! Physiol 73: 1396-1401, 1992.

135.Smith LL, Anwar A, Fragen M, et al. Cytokines and cell adhesion molecules associated with high-
intensity eccentric exercise. Eur J App! Physiol 82:61-67, 2000.

136.Smith LL, McKune AJ, Semple SJ, Sibanda E, Steel H, Anderson R., Changes in serum cytokines
after repeated bouts of downhill minning. Appl Physiol Nutr Metab 32(2):233-40, Apr, 2007.

137.Smith LL. Cytokine hypothesis of overtraining: a physiological adaptation to excessive stress? Med
Sci Sports Exerc 32 (2): 317-331, 2000.

138.Smith LL, Bond JA, Holbert D, Houmard JA, Israel RG, McCammon MR, Smith $.S. Differential
White Cell Count after Two Bouts of Downhill Running. Int. J. Sports Med 19: 432-437, 1998.

139. Smith, L.L, Overtraining, Excessive Exercise, and Altered Immunity: Is This a T Helper-1 versus T
Helper-2 Lymphocyte Response? Sports Medicine 33(5):347-364, 2003,

140. Smith LL. Tissue Trauma: The Underlying Cause of Overtraining Syndrome? The Journal of Strength
and Conditioning Research 18(1), 185-193, 2004,

141.Smith M. The Effect Of An Anti-Inflammatory Homeopathic Product On Systemic Markers Of
Inflammation Following 90 Minutes Of Downhill Running. Unpublished Masters Mini -Thesis,
Department of Physiology, University of KwaZulu-Natal, April 2008.

142, Sprenger H, Jacobs C, Nain M, et al. Enhanced release of cytokines, interlenkin-2 receptors, and
neopterin after long-distance running. Clin. Immunol Immunopathol 63:188-195, 1992,

143. Starkie RL, Arkinstall MJ, Koukoulas I, Hawley JA, Febbraio MA. Carbohydrate ingestion attenuates
the increase in plasma interleukin-6, but not skeletal muscle interleukin-6 mRNA, during exercise in
humans. J Physiol 533: 585-591, 2001.

144. Steensberg A, Febbraio MA, Osada T, Schjerling P, van Hall G, Saltin B, Pedersen BK. Interleukin-6
production in contracting human muscle is influenced by pre-exercise muscle glycogen content. J
Physiol 537: 633-639, 2001.

145. Steensberg A, Fisher CP, Keller C, Moller K, Pederson BK. IL-6 enhances plasma IL-1ra, IL-10 and
cortisol in humans. Am J Physiol, Endocrinol Metab 285(2). E433-437, 2003,

146. Steensberg A, Toft D, Bruunsgaard H, Sandmand M, Kristensen JH, Pedersen BK, Strenuous exercise
decreases the percentage of type 1 T cells in the circulation, J Appl Physiol 91: 1708-1712, 2001

147 Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund PB. Production of interleukin-6
in contracting human skeletal muscles can account for the exercise-induced increase in plasma
interleukin-6. J Physiol (Lond) 529: 237-242, 2000.

148. Stenvinkel P, Ketteler M, Johnson RJ, ef af., "IL-10, IL-6, and TNF-alpha: central factors in the
altered cytokine network of uremia--the good, the bad, and the ugly". Kidney Int 67 (4). 1216-33,
2005.

149 Stupka N, Tarnopolsky MA, Yardley NIJ, Phillips SM. Cellular adaptation to repeated eccentric
exercise-induced muscle damage. J Appl. Physiol 91: 1669-1678, 2001.

150. Stupka, S. Lowther, K. Chorneyko, J. M. Bourgeois, C. Hogbenl, M. A. Tarnopolsky. Gender
differences in muscle inflammation after eccentric exercise. J Appl Physiol 89: 2325-2332, 2000.

68



151. Suzuki K, Shigeyuki N, Yamada M, Totsuka, M., Sato, K., Sugawara, K. Systemic inflammatory
response to exhaustive exercise: Cytokine kinetics. Immunol Rev 8: 6-48, 2002.

152.Suzuki K, Totsuka M, Nakaji S, Yamada M, Kudoh S, Liu Q, Sugawara K, Yamaya K, Sato K.
Endurance exercise causes interaction among stress hormones, cytokines, neutrophil dynamics, and
muscle damage. J App! Physiol 87:1360-1367, 1999.

153.Suzuki K, Yamada M, Kurakake S, Okamura N, Yamaya K, Liu Q, Kudoh S, Kowatari K, Nakaji S,
Sugawara K. Circulating cytokines and hormones with immunosuppressive but neutrophil-priming
potentials rise after endurance exercise in humans. Fur J Appl Physiol 81: 281-287, 2000.

154.Suzuki K, Nakaji S, Kurakake S, Totsuka M, Sato K, Kuriyama T, Fujimoto H, Shibusawa K,
Machida K, Sugawara K. Exhaustive exercise and type-1/type-2 cytokine balance with special focus
on interleukin-12 p40/p70. Exerc Immunol Rev 9. 48-57, 2003.

155.Tilg, H, Elizabeth Trehu, Michael B. Atkins, Charles A. Dinarello, James W. Mier, Interleukin-6 (IL-
6) as an Anti-inflammatory Cytokine: Induction of Circulating IL-1 Receptor Antagonist and Soluble
Tumor Necrosis Factor Receptor p55, Blood 83(1), 113-118, 1994,

156. Toft A. D., Jensen LB, Bruunsgaard H, Ibfelt T, Halkjaer-Kristensen J, Febbraio M, Pedersen BK.
Cytokine response to eccentric exercise in young and elderly humans. Am J Physiol 283:C289-C295,
2002.

157. Tracey, K. J, A. Cerami. Tumor Necrosis Factor, Other Cytokines and Disease Annual Review of Cell
Biology Vol. 9: 317-343, Nov, 1993

158. Trinchieri, G. Interlenkin-10 production by effector T cells: Thl cells show self control, J. Exp. Med
204:; 239 — 243, Feb, 2007.

159. Tsigos C, Papanicolaou DA, Defensor R, Mitsiadis CS, Kyrou I, Chrousos GP. Dose effects of
recombinant human interleukin-6 on pituitary hormone secretion and energy expenditure.
Neuroendocrinology 66: 54-62, 1997,

160. Ullum H, Haahr PM, Diamant M, Palmo J, Halkjaer Kristensen J, Pedersen BK. Bicycle exercise
enhances plasma IL-6 but does not change IL-1 a, IL-1 b, IL-6, or TNF-a pre-mRNA in BMNC. J
Appl Physiol 77: 93-97, 1994,

161.Utgaard JO, Jahnsen FL, Bakka A, Brandizaeg P, Haraldsen G. Rapid secretion of prestored
interleukin 8 from Weibel-Palade bodies of microvascular endothelial cells. J Exp Med 188(9):1751-
6, Nov, 1998,

162. Van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry SF. "Interleukin-6 gene-
deficient mice show impaired defense against pnevmococcal pneumonia”. J Infect Dis 176 (2). 439-
44, 1997,

163. Ventoskovskij BM, Popov AV. Homoeopathy as a practical alternative to traditional obstetric
methods. Br. Hom J 79: 201-205, 1990.

164. Visser J, Boxel-Dezairre A, Methorst D, Brunt T, deKloet ER, Negelkerken L. Differential regulation
of interleukin-10 and interleukin 12 by glucocorticoids in vitro. Blood 91:4255-4264. 1998.

165. Weinstock D, Konig D, Harnischmacher R, Keul J, Berg A, Northoff H. Effect of exhaustive exercise
stress on the cytokine response. Med Sci Sports Exerc 29: 345-354, 1997.

69



166. Whitehead, N., Weerakkody, N., Gregory, J., Morgan, D. Proske, U. Changes in passive tension of
muscle in humans and animals after eccentric exercise. Journal of Physiology 533, 593-604, 2001.

167. Wright-Carpenter T, Klein P, Schaferhoff P, Appell HJ, Mir LM, Wehling P. Treatment of muscle
injuries by local administration of autologous conditioned serum: a pilot study on sportsmen with
muscle strains. Int. J Sports Med 25(8): 588-93, 2004.

168. Yu M, Stepto NK, Chibalin AV, Fryer LGD, Carling D, Krook A, Hawley JA, Zierath JR. Metabolic
and mitogenic signal transduction in human skeletal muscle after intense cycling exercise. Journal of
Physiology (Lond) 546, 327-335, 2003a

169. Yu JG, Furst DO, Thormell LE. The mode of myofibril remodelling in human skeletal muscle affected
by DOMS induced by eccentric contractions. Histochem Cell Biol 119, 383-393, 2003b.

170. Zell J, Connert WD, Mau J, Feuerstake G. Treatment of acute sprains of the ankle: A controlled
double-blind trial to test the effectiveness of a homeopathic ointment. Biol Ther 7: 1-6, 1989,

70



APPENDIX A

TMENT OF PHYSIOLGGY
EACULTY OF HEALTH SCIENCES
DEPARTMENT OF PHYSIOLOGY

SUBJECT INFORMATION SHEET

Pusdy Titke: The efect of an anti-infl ¥ b pathic product on Systemic
of nfl ion fpllowing downhill running.

Bruroduction: This study will investigaie the effect of Traomeel, an homeopastic anti4
finflamraatory product, on the delayed musche soreness (DOMS) which oocurs following
prolonged exercise. As we are interested in establishing the mechanisms which resuh in
hit rwscle sorencss and whether 1his can be mmindzed by the wse of homeopahig
preparations, we shall be doing a vaniely of analyses on your blood samphes before and)
fafier e xereise,

[Wha will qualify Lo participate in this stwdy? Thiny heallhy long-distance athletes
F agind 20 -50 years

[ non-smokers, non-disbetic, free of cardiovascular impairments (as wenfisd by
medical praciioner

L ot showing clinical signs of infecion (as verified by mcdnal practilioner)
I taking no medication (e.g. analgesics or anli-

[ covering a minimum of 30 km per week in training

[What il be expecied from volunteers in this study?

[You will be asked to;

- nol use any analgesics, anti-infective o aou-inflamealory of Yiamin O
preparalicns in addiion 10 the presoribed swdy supplomenis for 2 week:
hesore and Tor the duration of the (riaks,

- rnainkaa your wsoal diet Tor the durstion of the inals

- maimain (he same 1ype of wraining during 1he trial period

- aveid any heavy physical exercise the day befors each cxercise trial,

JOutling of vests and trink:

I Firsi_Laboratory Visit -Exercise Laboratory, Physiology Department, Nelsony

Mandela Medical Schook: approx two weeks befure trial)

F [nterview regarding xercise traming staws, medical suas
Assessment of beight, mass and percemage body Far {10 be estimated Tromg
skinfold thicknesses)

- Lung function 1est

- Resting heant rate and bood pressune neasuremen

- VO peak lest on treadmill: Afier 3 3 minate warm-op al a relevam pace.
expired air will be collecied and analysed a5 running speed will increase by

Breament in the same order as 1he other subpcl(s! As it 15 10 be @ double blind study.

[ Field visit — University of KZN — Sports grounds Frameols Rd Track {spprox |
week befpre grialj
Warm up al relevanl pace — subject will be rmed over 4 laps (16/8m} on wack]
wilh heart rate and time recorded.
Recording and analysis of past and currenl raining processes
- Analysis of running style and feedback (as above)
- Race scheduke analysis for past month amd following month (as above)
- Explanation of pre- imervention training and caiing procedures,

- Ltervegtion Trial to be conducted in the Exercice Labarsory, Nelson R
NMandela School of Medici

The proLecol of cach of the imervention irial will be 1he following:

L 3 davs prive g0 the gl - | x TRAUMEEL tabkas 3 X per day {provided

sublingually before meals,

- The morning of the biaf — the following breaklast is 10 be caen 3 hes bediee the (mal

<3ig comflakes, 150ml of kow fal malk and 12-15 g refined sugar

- Mu_m 30ml blood sampk: to be waken on amrival
exeluse protocal — wcann,g a heart tate monitor, six subkcis 10 run on

di in the b y for %) minutes in a elaxed aimosphore

v sctmn.\fmusr will be avmlab\e 1 entertain the cunners on 1he (readmil
amd frec communication berween runners and research assistamis will by
encouraged. The running speed will be individualized according 1 the resul
ol ihe YO, max iesis and the 1609m time mal,

- 30wl blood sample will be drawn 1, 24, 48 and 72 hours after the (rial.

[The order of the trials is 10 be ramdomized, By this we mcan that you will be ptaced
freatment sequences using random nuinber 1ables. You miy herelore not be recciving the

ncither the researchers or you will be i £ @ which ¥OU ar o,
[The products are 1 be coded as placebo or active Subswnu, in the chemical baborony
befirre distribunion 1w he subjects.

How can you benefit from participatiom in this stedy?

Jiollowmng completion of all aspects of the trial, you will receive

o rhe resulis of your VO gy, lest

b the resulis of your full blood coums and oiher bicchemicall laboratory (wsis which
wete tun on your blood sanples.

b 4 predicrion of your current abilily ¢ potemial al various race distances from Sk
Comrades narathon (as relevant (o your goals / Training )

I+ a list of iraining paces relevant W your carrent ability

e information an your running stybe wnd relevance of your cumenl running shoex 1 1hi
siyle

I+ an indicativn, based on the informanken supplied. as o the relevance of your curren

Lraining to running goals

A funhering of the knowledg di h T d which will op
hoth your performance and 1he siiffiess you feel Following ise, will he o
ffrom this work, You il e the first 10 be norified of the results of this study.

Wil you be exposed o adverse effects oF the exercdse or side ¢ffects from Trawmeed

JAs with all exercise exposure, B i possible that an accidety may occur (2.2, that you may
perhaps: falh). [n the event of your hean or one of your odher wrgans having a diserden
pwhich has 10 date, mot been diagnosed, the increased bleod flow o the beart and
fncroased mean bload pressure during exercise may ako resull in a hean probler ot other
organ danage vecurring while you are exercising. This i 1he reason why we hawve hecn)
bo careful in terms of who we have allowed (o panicipate in the siudy. Do, however, abol
e assured that (hers will be imedical personne] presens ur on call throwghoul all aspect
ol the westing and thar the lahoraory & By eyuipped with fies aid and emergency
uipment.

In terms of possible side-effzas from the Traumeel sopplementation thal you wild bed
sing, alihough seme peopk do sometimes develop mild beadaches. diamhoea or nasea ]
fecem studies have shows that thege resolve wiohout di wation of the and
I has sod been proven chat these are dicecily related 10 mgestion of Traumeel

jAs with all prolonged exercise involving dowﬂ'nll running. you should expect a e ain

rurther queries?
g

hould you have any queries or wish w obiain further dotals regarding vhis stady, pleasg
O 0L hesitae to conact us,

Frofessor Edith Perers-Tutee - (3313 260-423T 0w, 261-386%{h).

Biudy Director

[Department of Physiclogy.
[Faculty of Heahh Sciences
[Universty of KwaZolu-Nalal

A ihletics Coach and O L Nomie Williamson — 63 1- 2017657
wurw COACTONTIL Co 21

Post-graduste research ascistamis:

Dr Aadil Docrat, Depanment of Physiclogy
s Megan Smith, Depariment of Physiology
pis Smilh and L Docrar will be assisting with the implementation of this siudy am
fwriting up sections of the resuhs as pan of their M (Med) 5S¢ Degree by coursewark

|As panicipation is eniirely wolsmiary, you may withdaw from the siudy a1 any time
pwilhou penally,

Wil your individusl resuls rempin conlfidential?

[Yes. The records idencifving the panicipan will be kept confdential and, (o 1he exccni]
permiiied by the apphcabk: laws andfor cegulations. will not be made publcly avaikable,
fthe results of the siudy are poblished. the panicipant s sentily will remain confideniial

rehip of the stwdy/Finamcial compensation

[The Trawmeel and placebo productz 1o be wsed during the stody will be manufaciured in
ficemany, and packaged and disitbuicd to you by Heel Piy Lid, Sowh Africa i
Pohannesbung,

mﬁdmkmmd&nm ise. This will be

# 0-18 pumerical scile recording your kvel of dcordort. It is alse warth N

Bt previous stwdies and (S uggmlhnlhedwnhluinilgmm

asalet in profecting you from masde amd temscle i ion during other

Jdovwaill seasions over i following 3 B (Howska K, Sacuron K, Mewton M, SICc0 P. How kgl

fices tha profertive

mnm mmn €, 33 14901495 1 Should you be
L wmvolviag  dovnkil ing Following

pnﬂwipliminthsmnl.yum 4 d of a bemeficial trabning effoct fon

o ket 3 mromths thereafter,

JCan you withdraw froms the siudy?
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APPENDIX B

L. hereby agree to panlicipale in a research study
1 be performed by Edith Peters-Furre and co. kers in the Dep of Physiology &
the Universiy of KwaZpte-Namal Medical School,

¥ undersiand 1hat the basic procedures mvolved in this study are 1o inchade:

- Assessmends of trang history, amhropometric measures, lung fancrion,
selecied baseline clinical measures and an exercise test (¥, peak) during 1"
Laboratory visk (approx 2 weeks before Ml-minwie trial i the abovaory).
Field wst conducied by Nortie Williamson which will consia of 2 4 Lap
(k609m} time-trisl on 1the KZN ahletics 1rack wikh heart raie and iime
recovded (1 week hefore S0-minue 1rial i 1he Laboraory},

- Sublingual gmake of | £ TRAUMEEL or placeho tablet 3 1 per day 30
miouies before meaks a each meal (ie. 3 x per day), for 5 days prior to the
excreise Inkf (10 be held 0 the Exercise Lab ¥, Nelson R Mandel
School of Medicine,

Haviog a 30ml Mood sample taken on arnival al the S-minule exercise trial.
labowatory Exeecise Trial Yminuies of treadmill # an imensily of 75% VO,
max, Ad diam mgestion of warer will be permdied H) and &0 mimites info
the run.

- Having a 3ml blood sample drawn 1, 24, 48 and 72 howrs after both mals,

- Compkamg a numenical rding ol muscl: soreness expeienced during the 72
hours after hoth exncrcise triak.

The detads of these proccdures have been cxplamned 10 me in full, | am aware that a
cerlain bevel of discomfon may ocowr when 1he blood is raken and 1har the exercise Inaks
will imvolve siremuons prolonged execcise which may be ied by cerlain medical
visks and resull in muscle sorenass in the 48.72 hours post 1631, § akeo vnderstand tha 1 do
nal have recourse agaimgt the Universily in (he case of an acute medical event occurring
whik: [ am ronning on the treadmll.

1 understand thal panicipation is entirely volunary and that [ imay withdraw from ihe
study 2t any lime.

UNIVERSITY OF
KWAZULU-NATAL

Varlfication from General Practitionor

Dear Dr

i5 being considered as a polential
subject in the following research project which is 10 ke place on trained
endurance athleles in our Depariment in May 2005,

Titia of Project: The sffect of an anti-infk dory t pathic product on
systamic markers of inflammation following dewnhill running.

As a precaution we would ke you to venfy that you have examined Ihis patieni
recently and are not aware 1hat he has any cardiovascular or metabelic problams.
&.g. diabetes which may rasult in it being hazardous lor him to participate in the
shudy,

With sincerest appreciation,
Dr E M Polers-Fulre

Enscise Physidogs!

Daparimend of Physiology

Helson Mandela Schook of Medicing
Universily of KwaZulu Malal

Privale Bag 7, Congella.

4073, Soulh Afcea

Tek +27{0N21-2604237

Fax: +2H{0)21-2604455

| hereby confirm ihat Mr has been
examingd by me and | regard him to be free of cardiovascutar impairments which
may render participation in a 1.5 hr lreadmill run hazardous Lo his healin,

| also canl|rm hal Mr Is not & diabetic and

15 medlcally it 10 participale i Lhls research,

Slgreed

Qualifization

Dale

Day, Date and Time of

Session Training Mileage

Rating of Perceived Exertion

Intensity Sessions and General Comments

[Type:
Duration:
% of max (eg. 50%):

Type:
Duration:
% of max (eg. 50%):

Type:
[Duration:
1% of max (eg. 50%):

Type:

[Duration:
% of max (eg. 50%):

Rate of perceived  [1= Very easy

exertion H= Fairly Exhausting

2= FEasy
5=Exhausted

3= Moderate
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APPENDIX C

!JNI VERSITY OF K“‘A-g},u NATAL

ARTME Y SI0
A D 0L

TRAINING DETAILS:

[Average weekly 1 ing dist: km
f CTIMET . e 10 [Running History
. prolonged exerei Serious\Social :
; Age started running: ( vens¥TE)
ATHLETE'S QUESTIONNAIRE Level of training during these Years.......oveesseeeees rerenran

Name: Total number of marathonsrun: ——
[Describe normal terrain used for traini

Date of Birth:

—_  dmmiyyyy

Age: hilks, group training, ete)

Address: [Other sports played in last 12 ths (sq rughy weights, utc)
[List peak event(s) for each year of training age (or last 5 years)

Phone Numbers

Home:

Work:

Cell:

Athletics Club:

Occupation:
r}esuib: your running foot strike (heel-toe / Forefoot / pronation)

Do you use orthotics? kin - fold Measurements

Describe the wear pattern on your shoes?

[Personal Best times in last 12 months:
5 km time trial .....ooooieen. Skm time trial e, TOKM ..ceeininninnn

LRI L [P 21L1EM covvvirinannes 32kM e -

H2.2km 56 km C dh

16{9m time trial time (will be tested as part of study) ....... W —
Pace to be used for test (will be filled in after test) ...........cumueeen
Please sign: i Date: __

MEASUREMENTS
[Pregnancy Test( if female only)
[Lung Function Tests
FVC: o FEV:
FVC/FEV,: —_—
Height {cm): Mass (kg): i

fceps: I o aver
riceps: S _ ave: =
uprailliac: ___ aver - ==

bseapular; e L
ody fat percentage:

Resting heart rate:

esting blood pressure:

esults of VO ; max test:

peed vo ,
Km/hr mlkg/min| RQ VE YO 3 HR

RPE

JRunndng Speed st 75% VO peak™:
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APPENDIX D

Trial Record

Trial No:
Name: Date:
Breakfast: Time:
Resting HR: Resting BP:
Ambient Temperature:
Dry Bulb: Wet Bulb: Black Bulb:
Pre-Trial Mass: Fan: On/ Off Stretches:

Time Workload Distance HR Vo2 RPE
30 min
60 min
90 min
Post-Trial Mass: Post BP:
Training Record: Tablets:
DOMS Record:

Study Title: The effects of an anti-inflammatory homeopathic product
on systemic markers of exercise-induced inflammation

General post-trial pain sested and relaved  Post-trial pain durieg daily living while
walking

DAY Quads | Hamstrings Calf ; Cunds Hamstrings Calr
Doy I
tely
after the
[ﬁy '
e
Day &
the trisl
Day 4;
te
Day 5:
the trial i
0 = 1o pain at al
5 = moderate
10 =severe/maximal
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