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Cyclic exercise induces anti-inflammatory signal molecule
increases in the plasma of Parkinson's patients
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Abstract. It has been known for many vears that immune
system alterations occur with Parkinson's disease (PD).
Changes 1in lymphocyte populations in cerebrospinal fluid
and blood, immunoglobulin synthesis, and c¢ytokine and acute
phase protein production have been observed in patients with
PD. Hence, there is evidence for inflammation. In this report
we demonstrate that cyclic exercise over months results in a
significant increase in the rise of plasma anti-inflammatory
signal molecules, such as interleukin-10 and adrenocortico-
tropin. Additionally, endogenous plasma morphine levels
increase with the duration of the cyclic exercise protocol.
Morphine is identified and quantified by high performance
liquid chromatography coupled to electrochemical detection
and nano electro-spray ionization double quadrupole
orthogonal acceleration time of flight mass spectrometry.
Proinflammatory cytokine, i.e., interleukin-1, interleukin-6.
plasma levels did not increase. These results matched with
those reported previously, demonstrating enhanced motor
skills and mood elevation with this cyclic exercise protocol,
suggest that this protocol induces the formation of anti-
inflammatory signal molecules, which appear to be associated
with alleviation of some of the clinical characteristics of PD.

Introduction

Idiopathic Parkinson's disease is a degenerative disorder of
the central nervous system. Several pathogenic mechanisms
have been proposed that lead to degeneration of dopamin-
ergic neurons. These mechanisms encompass variables such
as metabolic or toxic factors, oxidative stress and mito-
chondrial dysfunction (1). The primary anatomical features
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central to PD patients include: a diminished number of
myelimized dopaminergic cells in the substantia nigra (SN)
and in related brain stem nuclet, a decrease in the dopamine
content in nigrostriatal and mesolimbic pathways, the
presence of Lewy bodies, and the deposition of neuromelanin
(2.3). The perwurbation of several neurotransmitters and
ncuropeptides has been reported in PD, indicating a more
complicated and widespread pathology. The role of immune
and vascular mechanisms in neurodegenerative diseases such
as PD s, similarly, an important area of investigation (1.4),
Death or injury to neurons in PD leads to the presence of many
pro-inflammatory cytokine molecules, as well (1). This process
resembles classic inflammation, but with minimal or no
participation of macrophages and lymphocytes from blood (1).

In the present report, we determine the plasma level of
pro-and anti-inflammatory cytokines as well as signal mole-
cules most often associated with stress, i.e., adrenocortico-
tropin (ACTH) at bascline (group 1). We also measure these
levels subsequent to the introduction of a 12 week cychic
exercise regime at week 4 (group 2), week 8 (group 3) and
week 12 (group 4). We demonstrate that anti-inflammatory
signal molecules significantly appear in the plasma months
after mnitiating and sustaining this cyclic exercise protocol.
These results are correlated with a previous study, which found
that cyclic exercise in Parkinson's patients produced
improvement in motor function and attitude (Rymer M, et al,
Puijo Symposium, Kuopio, Finland, 2001).

Materials and methods

The participants were recruited from a private neurology
practice 1n Kansas City, MO. The participants were all
previously diagnosed and under treatment for Parkinson's
disease. Their disease was staged at the beginning of the trial
by an independent neurologist using the Hoehn and Yahr
Scale (5). During their baseline testing in our program, the
participants were evaluated with the standard scale, the
Uniform Parkinson's Disease Rating Scale (UPDRS). They
were all moderate to severely 1ll, average age 78 years, average
time since diagnosis was around 8 years, 14 males, 5 females.
The protocol described was reviewed and passed by the IRB
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(30 ml) were drawn before the exercise session at the
designated time points in the 12 week protocol by a registered
iab technician at the Saint Luke's Hospital out-patient laboratory
on the 6th floor of Medical Plaza I building.

Experimental designs. The cyclic exercise protocol is designed
to generate a series of parabolic-like waves of cardiovascular
exercise and recovery and was designed by one of the authors
(6) (Table I). The utility and effects of the protocol in healthy
populations has been reported elsewhere (7). Cycles were
tarlored to the individual subjects following an initial, baseline
determination of cardiovascular responsiveness during short
burst of exercise followed by recovery. Five second averaged
heart rates were monitored and recorded continuously using a
Polar NV heart-rate monitor watch and chest strap (Polar
Electro Inc. Woodbury, NY). Once the baseline determination
was made, subjects began a prescribed course of cyclic
cxercise, 3 times weekly, monitored by a neurologist, nurse
practitioner and one-on-one trainers. The cycles are designed
to increase the capacity for cardiovascular acceleration and
recovery, adjusted according to base heart-rate range and
performance, in the context of normal circadian rhythm. This
design produces a progressive set of cycles, where heart-rate
targets increase (or rate of speed to targets increases) for each
subsequent cycle within a set and the peak heart-rate targets
increase as the cycles move from morning to afternoon, as
described below (7).

The protocol included 2 stages: 1) a baseline determination
stage, and 11) the actual training cycle protocol. For the
baseline determination, subjects were requested to refrain
from caffeine and meals for 3 h prior to exercise. Prior to
beginning, subjects were briefed on the 5-cycle baseline
protocol, familiarized with the equipment, and instructed on
the relaxation response (8). Prior to beginning of the baseline
determination, subjects sat quietly for a 7-min period. Three
minutes into that period, the subjects were told to mitiate the
relaxation response. Five minutes into that period, blood
pressure was measured from the right arm of the subjects.
After the 7 min elapsed, subjects were instructed to take a deep
breath and begin the 1st cycle of the baseline determination.

The 1st cycle consisted of riding an exercise bicycle
(Schwinn Airodyne) or chimbing stairs (depending on subject
preference and physical capabilities) or running on a trampoline
(Body by Jake). All subjects were closely supervised. Some
were physically assisted via gait belts to ensure their balance
during exertion at an easy pace (3 on the 10-point modified
Borg scale (9) until the heart-rate stabilized or I min had
elapsed. A trainer used a second Polar NV watch to track the
subject heart-rates and indicated to the subjects when their
heart-rate had stabilized. The subjects stopped the exercise,
sat down, and began the recovery part of the cycle, including
the relaxation response. The trainer indicated to the subjects
when their heart-rate had stabilized at a resting rate and the
2nd cycle was started. For each subsequent cycle, the sequence
was the same. What differed were heart rate targets and levels
of exertion. But no period of exertion exceeds 1 min. Table II
summarizes the baseline set of cycles.

The trainer took the subject's blood pressure 5 min after
the peak heart-rate was reached and again 10 min later. The

Table I. Cycle protocol: overview.
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Cycleset  Cycleset  Cycle set
Day 1 Day 2 Day 3
Monday Wednesday  Friday
Week 1 (06.00-09.00) 7 Cycles 6 Cycles 5 Cycles
Week 2 (06.00-09.00) 7 Cycles 6 Cycles 5 Cycles
Week 3 (09.00-12.00) 5 Cycles 5 Cycles 5 Cycles
Week 4 (15.00-18.00) 6 Cycles 5 Cycles 5 Cycles
Table II. Summary of baseline set of cycles.
Cycle Exertion Level of Comment
No. target exertion on
modified
Borg scale
l. Until heartrate 3 of 10 Always recover

until HR
stabilizes for 15 s

plateau or
] min

2. Cycle 1 peak Sufficient to  Trainer may ask
HR + 10 beats reach target  subject to increase
effort to reach target
3. Same target 7-8 of 10 Reach previous
as above larget as fast
as possible
4, Cycle 2 target  7-8 of 10
+ 10 beats
5. Peak HR 9of 10 Max effort

for no longer
than 1 min

The peak heart-rate achieved during bascline cycle 5 was
used as the initial maximum heart-rate. Subsequent target
heart-rates were set as increasing percentages of this initial
maximum. For the Ist set of training cycles (performed
between 06.00-09.00 h), the target heart-rate for the 1st cycle
(a warm-up cycle) was 70% ol the baseline peak rate. The
final cycle of the 1st set 1s 85% of the maximum. During the
2nd week (performed between 06.00-09,00 h), the peak target
heart-rate was 90% of the initial maximum, the peak heart-
rate increasing 2 beats each succeeding session. The 3rd week
(performed between 09.00-12.00 h), the pecak heart-rate was
95% of the maximum. In addition to the increasing target
heart-rates, the rate of exertion 1s increased as well, where
effort on the particular cycles was to quickly accelerate toa 9
on the 10 point Borg scale. The 4th week of training cycles
(performed between 15.00-18.00 h), include 2 such spikes in
the 1st session and the latter 2 sessions consist of all spikes,
save the imtial, warm-up cycle. The last set of alternoon cycles
may drive the heat-rate beyond the baseline maximum. If so,








