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Abstract  
Parkinson’s disease is a neurodegenerative disease. Oxidative stress, i.e., the imbalance between the gen-
eration of reactive oxygen species and the antioxidant defense capacity of the body, plays an important 
role in the pathogenesis of this disease. Physical exercise can regulate oxidative stress. The purpose of this 
study was to analyze the short- and long-term effects of an aquatic exercise program on oxidative stress 
levels in patients with Parkinson’s disease. The aquatic exercise program was carried out during 1 month 
with two sessions per week (1 hour/session). Blood samples were collected at four different time points: 
pre-intervention, immediately, 48 hours, and 30 days after the first session of aquatic exercise program. Our 
results revealed that water-based programs modulated antioxidant enzyme activity, increased superoxide 
dismutase activity, reduced catalase activity, and increased the ratio of superoxide dismutase activity to 
catalase activity in patients with Parkinson’s disease. Compared with pre-intervention and 48 hours after 
the first session of aquatic exercise program, superoxide dismutase activity was higher and catalase activity 
was lower immediately and 30 days after the first session. Our results demonstrated that aquatic exercise 
program could modulate oxidative stress, mainly by the effect of antioxidant enzyme activity. These results 
could better help understand the target of oxidative stress in Parkinson’s disease. This  study was approved 
by the Ethics Committee of Centro Universitário Metodista IPA (approval No. 1.373.911) on August 9, 2019 
and registered with REBEC (registration number: RBR-6NJ4MK).
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Introduction
Parkinson’s disease (PD), a chronic neurodegenerative dis-
ease, affects 1–2% of the elderly population and is character-
ized by bradykinesia, rigidity, resting tremor, and postural 
instability (Lang and Lozano, 1998). This disease involves the 
progressive loss of dopaminergic neurons in the substantia 
nigra (SN), leading to depletion of striatal dopamine (Huot 
et al., 2006). Furthermore, it is known to be mediated by 
oxidative stress, which contributes to the cascade leading to 
dopamine cell degeneration (Jenner, 2003). 

Oxidative stress is the imbalance between the generation 
of reactive oxygen species and the antioxidant defense ca-
pacity of the body, and usually, it is associated with degener-
ative process (Monteiro-Junior et al., 2015). This process has 
some components, such as mitochondrial dysfunction and 
inflammation (Monteiro-Junior et al., 2015). Oxidative stress 
is associated with PD (Jenner, 2003); however, until now, it is 
difficult to know whether this process leads to or is a conse-
quence of these events. For example, in PD, reactive species 
cause damage to different compounds from cells, and toxic 
products of oxidative damage, such as 4-hydroxynonenal 

(HNE), can react with proteins to impair cell viability. 
There is evidence that nitric oxide reacts with superoxide 

to produce peroxynitrite and hydroxyl radical, the worst free 
radical, and this is capable of inducing irreversible damage 
(McNaught and Jenner, 2000). For homeostasis and detoxifi-
cation, some enzymes are essential, including catalase (CAT) 
and superoxide dismutase (SOD) (Gonzalez-Billault et al., 
2018). SOD acts as a critical antioxidant defense mechanism 
against oxidative stress by catalyzing the dismutation of su-
peroxide into oxygen and hydrogen peroxide and CAT, the 
hydrogen peroxide and water, and oxygen (Gonzalez-Billault 
et al., 2018). Carbonyl level (protein oxidation marker) and 
malondialdehyde (MDA; product for lipid peroxidation) are 
essential to measure oxidative damage (Wei et al., 2018). The 
failure of the antioxidant defense system to protect against 
free-radical generation damages all components of the cell, 
including DNA, lipids, and proteins, eventually leading to 
cell death, which has been considered to be involved in the 
development of PD (Wei et al., 2018).

PD can be delayed and its consequences can  be attenuated 
through the regular practice of physical activity (LaHue et 
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al., 2016). Several scientific studies suggest that a combina-
tion of aerobic activities, strength, balance and gait training, 
functional activities and exercises that require agility at mod-
erate to high intensity are crucial strategies to induce benefi-
cial impact on clinical outcomes in these patients (Fisher et 
al., 2008; Goodwin et al., 2008).

Relevant studies have shown exercise-mediated beneficial 
effects in different populations such as athletes, older adult 
patients with PD, and healthy individuals, after oxidative 
stress modulation (Radak et al., 2005; Monteiro-Junior et al., 
2015). Fisher et al. (2008) reported differences between acute 
and chronic effects of exercise, and exercise exerts acute ef-
fects through the induction of oxidative stress because there 
was increased ROS production. However, the chronic effects 
of exercise are presented as reduced oxidative stress possibly 
by the increased  antioxidant effects from the antioxidant and 
non-antioxidant defense (Radak et al., 2005; Monteiro-Junior 
et al., 2015). In a PD experimental model, continuous aerobic 
training (during 8 weeks) induced an increase in antioxidant 
enzyme activities (SOD and CAT) and reduced the lipoper-
oxidation and protein oxidation (Tuon et al., 2012). This ef-
fect could be explained by the production of neuroprotective 
factors and the optimized antioxidant mechanisms, which 
slow PD progression.

Despite these findings, it is essential to note that these 
studies are focused on land-based exercise programs, while 
data regarding the impact of aquatic exercise protocols on 
oxidative stress modulation in PD patients are scarce. The 
physical properties of the water and the safe conditions of-
fered by the aquatic environment are an exciting topic to be 
investigated since it enables individuals with PD to move 
more efficiently while reducing the fear of falling (Plecash 
and Leavitt, 2014; Volpe et al., 2014). In this sense, the im-
provement in several outcomes such as balance and func-
tional mobility was also reported following aquatic therapy 
in this population (Volpe et al., 2014). It was also demon-
strated that PD individuals who underwent aquatic therapy 
showed better improvement in many outcome measures 
compared to the group that was submitted to a traditional 
land-based physical therapy (Volpe et al., 2014), confirming 
that aquatic therapy exhibited greater effectiveness than tra-
ditional land-based physical therapy. 

Our group recently showed that an aquatic exercise 
program might offer a potential strategy able to attenuate 
immune responses and also modulated brain-derived neuro-
trophic factor (BDNF) levels in PD individuals (Pochmann 
et al., 2018). However, no evidence has reported the modu-
lation of oxidative stress levels following this intervention in 
aquatic exercises. Given these considerations, the purpose of 
this study was to evaluate the effect of PD on oxidative stress 
markers and the short- and long-term outcomes of an aquat-
ic exercise program on oxidative stress markers in peripheral 
blood of patients with PD.
  
Participants and Methods
Participants 
Blood sample was collected from 12 patients with idiopathic 

PD (PD group) and 14 heathy controls (control group). All 
included subjects were of either gender and were aged 51 
years or older. It is important to note that the cohort of con-
trol and PD groups was the same as that included in the pre-
vious study by our research group (Pochmann et al., 2018). 

The patients with idiopathic PD confirmed by a neurolo-
gist and who used levodopa therapy were included in the PD 
group. Those who had cardiopulmonary, vascular or other 
internal medical conditions, neoplastic illness, or infection, 
those who received oral or local corticosteroids, or those 
who had a history of undergoing neurosurgical procedure 
were excluded from this study. In addition, the included sub-
jects must be physically inactive (less than 1hour of physical 
exercise in the previous 3 months).

Subjects in the PD and control groups had similar ages (PD 
group: 62.55 ± 5.57 years; control group: 60.21 ±10.33 years). 
In the PD group, the duration of levodopa use was 2–4 years 
in 50% of patients, 6–8 years in 25% of patients, and 10–17 
years in 25% of patients. According to Hoehn & Yahr Scale 
(Hoehn and Yahr, 1967), the majority of patients were in 
stage 2.5 (41.66%), while data regarding the Unified Parkin-
son’s Disease Rating Scale (Ramaker et al., 2002) were 15.83 
± 7.54.

This study was approved by the Ethics Committee of Cen-
tro Universitário Metodista IPA (approval No. 1.373.911) 
on August 9, 2019, and performed in accordance with the 
Declaration of Helsinki. The participants gave their written 
consent before participation in the study. 

Three patients in the PD group were excluded because 
of difficulties in blood sample collection. No participants 
withdrew during the intervention, and nine completed the 
proposed 30 days of aquatic exercise program. All of them 
completed the program with a minimum attendance of 90% 
of the sessions. It is important to describe no medication or 
drug dose change during the intervention.

Study design
The study design included two sessions. At the first session, 
before the intervention, we collected blood from control and 
PD patients. At the second session, aquatic exercise program 
was performed in PD patients. Blood samples were then 
collected at four time points: pre-intervention, immediately 
after the first session, 48 hours after the first session, and 30 
days after the first session.

Prior to intervention, 15 mL of blood was collected from 
the antecubital vein to measure the levels of oxidative stress 
markers. After that, patients in the PD group were subjected 
to 30 days of aquatic physiotherapy program in the indoor 
swimming pool (depth 1.1 m, mean water temperature 
32°C) of the Centro Universitário Metodista – IPA, twice a 
week (on Wednesdays and Fridays) frequency, 60 minutes/
session (from 2 pm to 3 pm) in groups based on previous 
studies (Jones et al., 2006; Bote et al., 2014). During the ses-
sions, the patients were stimulated and encouraged with ver-
bal commands to perform at their best. The intervention was 
performed following the recommendations of the American 
College of Sports Medicine (ACSM, 2000) and in accordance 



2069

Dani C, Proença IT, Marinho J, Peccin P, da Silva IRV, Nique S, Striebel V, Pochmann D, Elsner VR (2020) Aquatic exercise program-modulated 
oxidative stress markers in patients with Parkinson’s disease. Neural Regen Res 15(11):2067-2072. doi:10.4103/1673-5374.276337

with a previous study (Pochmann et al., 2018). The inter-
vention mentioned above was characterized by a concurrent 
exercise protocol (combination of aerobic and resistance 
training) outlined by the following activities (a) warm-up 
with passive stretching of lower limbs, dissociation of waists 
and double-task exercises (10 minutes); (b) resisted exercises 
composed by exercise to strengthen paravertebral and poste-
rior chain of trunk and limbs, gait exercise, balance exercise, 
and proprioception exercise (20 minutes); (c) integration 
exercises that consisted of dual-task exercise in combination 
with  games with playful connotations to stimulate group 
integration (20 minutes); (d) relaxation (10 minutes). 

Blood collection 
Venous blood samples were collected in tubes with ED-
TAK3. Plasma was separated from the tube by centrifuging 
at 21,952 × g for 10 minutes and frozen at –20°C for future 
analysis. 

Chemicals
2,4-Dinitrophenylhydrazine, 5.5′-dithiobis (2-nitrobenzoic 
acid), and thiobarbituric acid were obtained from Sigma-Al-
drich, St. Louis, MO, USA. All other reagents were from 
Merck (Darmstadt, Germany) and Hexapur (Bangalore, Kar-
nataka, India) and solvents were from Nuclear (Diadema, SP, 
Brazil). They were of analytical grade.

Oxidative stress measurement 
To evaluate lipid peroxidation, we used the test to measure 
the level of thiobarbituric acid reactive substances (TBARS). 
A heated acidic reaction was performed to generate TBARS. 
This method was considered sensitive to quantitate the levels 
of lipid peroxidation, as previously described by Wills (1966). 
In general, samples were mixed with 10% trichloroacetic 
acid (TCA) and 0.67% thiobarbituric acid (TBA) and then 
were heated in a boiling water bath for 15 minutes in sealed 
tubes. The level of TBARS was determined by absorbance at 
535 nm (SP-2200 Spectrophotometer, Bioespectro, Curitiba, 
Brazil). 

Oxidative damage to tissue proteins was measured by de-
termining the carbonyl levels and was based on the reaction 
with dinitrophenylhydrazine (DNPH), according to Levine 
et al. (1990). DNPH reacts with protein carbonyls to form 
hydrazones which can be measured spectrophotometrical-
ly at 370 nm (T80 UV/VIS Spectrometer, PG Instruments, 
Leicestershire, UK). 

The non-enzymatic sulfhydryl technique was used to 
determine defenses. This assay was based on the reduction 
of 5,5′-dithiol-bis (2-nitrobenzoic acid) (DTNB) by thiol 
groups, generating a yellow compound (TNB), which was its 
absorbance determined spectrophotometrically at 405 nm 
(SP-2200 spectrophotometer). The sulfhydryl content was 
inversely correlated with oxidative protein damage. 

The activity of SOD was determined spectrophotomet-
rically by measuring the inhibition of the rate of adreno-

chrome formation at 480 nm (T80 UV/VIS spectrometer) 
in a reaction medium containing 1 mM adrenaline and 50 
mM glycine (Bannister and Calabrese, 1987). The results 
were expressed as U/mg of protein. The assay for assessing 
the activity of CAT was performed according to the meth-
od described by Aebi (1984), which determines the rate of 
hydrogen peroxide decomposition (H2O2) to 240 nm (T80 
UV/VIS spectrometer).

Statistical analysis
All collected data were inserted in a spreadsheet (Micro-
soft Excel®, Redmond, WA, USA) and analyzed using SPSS 
22.0 software (IBM, Armonk, NY, USA). The normality was 
verified using the Shapiro-Wilk test. The Student’s t-test or 
Mann-Whitney U test was used for comparison between 
control and PD groups. The outliers were detected by the 
Outlier calculator from GraphPad Prism software version 7 
(GraphPad Software Inc., La Jolla, CA, USA), and the values 
were removed. The repeated measures analysis of variance 
and Tukey’s post hoc test were performed for comparison 
between the various times in PD patients. All data were pre-
sented as the mean ± standard deviation or median (quartile 
range), and a level of P < 0.05 was considered statistically 
significant.

Results
PD patients showed lower levels of lipid peroxidation com-
pared with the healthy controls (P < 0.05; Figure 1A). PD 
patients showed higher CAT activity (Figure 1E), lower SOD 
activity, and lower ratio of SOD/CAT activities compared 
with the healthy controls (Figure 1D and F). SOD activity 
was found to be related with CAT activity (Figure 1E). There 
were no significant differences in carbonyl (Figure 1B) and 
sulfidryl levels (Figure 1C) between control and PD groups.

 The effects of aquatic exercise program prior to inter-
vention, immediately, 48 hours, and 30 days after the first 
session on oxidative stress levels are illustrated (Figure 2). 
TBARS level measured at 30 days after the first session of 
aquatic exercise program was significantly higher than that 
measured prior to intervention (P < 0.05; Figure 2A). There 
were no significant differences in carbonyl (Figure 2B) and 
sulfhydryl levels (Figure 2C) between prior to intervention 
and 30 days after the first session of aquatic exercise pro-
gram (P < 0.05). SOD activity was increased significantly 
immediately after the first session of aquatic exercise pro-
gram compared with that measured prior to intervention (P 
< 0.05; Figure 2D).  CAT activity was significantly decreased 
immediately and 30 days after the first session of aquatic 
exercise program than that measured prior to intervention 
(Figure 2E; P < 0.05). The ratio of SOD/CAT activities were 
increased immediately after the first session of aquatic exer-
cise program compared with that prior to intervention and 
it decreased to the level measured prior to intervention at 48 
hours after the first session (Figure 2F). 
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Figure 1 Oxidative stress parameters 
in plasma from the control and PD 
groups. 
Lipid peroxidation-TBARS (A), protein 
carbonyl level (B), glutathione-sulfhydryl 
level (C), SOD activity (D), CAT activ-
ity (E) and SOD/CAT activity ratio (F). 
Sample size: 12 controls and 12 patients 
with Parkinson’s disease. Student’s t-test 
or Mann-Whitney U test was used. *P < 
0.05, vs. control group. The values of A 
and B are shown as the mean ± standard 
deviation. The values of C–F are shown 
as the median (quartile range). CAT: 
Catalase; PD: Parkinson’s disease; SOD: 
superoxide dismutase; TBARS: thiobar-
bituric acid reactive substance. 

Figure 2 Oxidative stress parameters in 
PD group at different time points. 
Lipid peroxidation-TBARS (A), protein 
carbonyl level (B), glutathione-sulfhy-
dryl level (C), SOD activity (D), CAT 
activity (E) and SOD/CAT activity 
ratio (F). Sample size: 9 patients with 
Parkinson’s disease. Repeated measures 
analysis of variance with Tukey’s post 
hoc test. *P < 0.05, vs. pre-intervention; 
$P < 0.05, vs. 48 hours after the first ses-
sion; #P < 0.05, vs. immediately after the 
first session of aquatic exercise program. 
The values are shown as the mean ± 
standard deviation. CAT: Catalase; PD: 
Parkinson’s disease; SOD: superoxide 
dismutase; TBARS: thiobarbituric acid 
reactive substance. I, II, III, IV: Pre-in-
tervention, immediately, 48 hours, and 
30 days after the first session of aquatic 
exercise program, respectively.

Discussion
PD development is characterized by three different biochem-
ical dysfunctions: abnormal protein aggregation, inhibition 
of mitochondrial complex, and oxidative stress (Jenner, 
2003). Several factors lead to the development of PD (Yang 
et al., 2015), such as tobacco smoking, drinking tea or cof-
fee, use of nonsteroidal antiinflammatory drugs, and phys-
ical activity (Barranco Quintana et al., 2009; Ascherio and 
Schwarzschild, 2016). This study was performed to evaluate 
the oxidative stress levels in PD patients in response to an 
aquatic exercise program at different time points. To the best 
of our knowledge, this is the first study that evaluated the ox-
idative stress level modulation in a water-based intervention 
in this population. 

In the beginning, we found that PD patients showed lower 
TBARS levels compared with the healthy controls. How-
ever, an imbalance of the antioxidant enzyme activity was 
found since SOD activity was reduced, and CAT activity was 
increased, showing a reduced SOD/CAT ratio. This result 

might be linked to PD pathophysiology and could contribute 
to the complications in the disease (Jenner, 2003). In this 
sense, the neuronal degeneration may result from increased 
exposure to free radicals coupled with a deficit of antioxidant 
mechanism, and the antioxidant enzyme activates are nega-
tively correlated with the severity of the disease but indepen-
dent of age and age of onset (Wei et al., 2018),

According to Romuk et al. (2017), over the past few years, 
many experimental and clinical studies showed the balance 
of the oxidation-antioxidant system in neurodegenerative 
diseases. The results, until now, suggested that the cell aging 
processes and progressive neurodegeneration are closely as-
sociated with oxidative stress (Romuk et al., 2017). Although 
the body has numerous defense mechanisms against free rad-
icals, it appears that the brain is exposed to increasingly dam-
aging effects of ROS compared with the peripheral organs. 

An experimental study showed that lipid peroxidation is 
different in different brain regions. There was no difference 
in lipid peroxidation in the cerebral cortex between control 
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and PD groups; however, lipid peroxidation level in the 
striatum was higher in the PD group than that in the con-
trol group (Romuk et al., 2017).  In our study, the PD group 
showed lower levels of TBARS than the control group. This 
result is different from the findings from a random-effects 
meta-analysis that PD patients had significantly higher lev-
els of ferritin, 8-OhdG, nitrite, and MDA compared with 
the healthy controls (Wei et al., 2018). This difference could 
be, at least in part, because PD individuals are engaged in 
regular physical therapy program in our university. Good-
win et al. (2008) showed that under chronic conditions, 
exercise could reduce oxidative stress damage. We analyzed 
the short-term and long-term effects of the aquatic exercise 
protocol and found that lipid peroxidation level increased 
after 30 days when compared with that measured at the first 
intervention. However, prior to intervention, TABARS levels 
in PD patients were lower than those in healthy controls. 

At any time points studied, there was no significant dif-
ference in carbonyl level between control and PD groups. 
There are no clinical studies on protein oxidation damage 
(carbonyl assay). Data obtained from an experimental study 
showed that treatment with L-dopa significantly increased 
protein oxidation level compared with the controls (Nikolo-
va et al., 2019). However, antioxidants significantly reduced 
the increase compared to L-dopa group. These results could 
attribute to the vital role of antioxidant in the treatment with 
L-dopa, that is to say, antioxidants can reduce the protein 
oxidation in patients who need L-dopa treatment. 

Different free radicals, including hydrogen peroxide, hy-
droxyl radical, nitric oxide, and superoxide radical provoke 
damage to cells, however, the human body has important de-
fenses, including SOD, CAT, glutathione, and uric acid (Wei 
et al., 2018). The failure of antioxidant defenses could induce 
damages in all components of the cell, including DNA, lip-
ids, and proteins, eventually leading to cell death, which has 
been considered to be involved in the development of PD 
(Wei et al., 2018).

The current study demonstrated that prior to aquatic exer-
cise program, the antioxidant enzyme activities differed be-
tween the control and PD groups. Patients with PD showed 
lower SOD activity and higher CAT activity compared with 
healthy controls. Therefore, the activity ratio of these two 
enzymes was also reduced. We also analyzed the short-term 
and long-term effects of aquatic exercise program and found 
that aquatic exercise changed these results, i.e., CAT activ-
ity increased immediately after the first session of aquatic 
exercise program and maintained at this level 30 days after 
the first session of exercise. The ratio of SOD/CAT activities 
measured immediately after the first session of aquatic exer-
cise was increased compared with that prior to intervention.

Previous studies showed that constant exercise promoted 
beneficial adaptations, reduced free radial production and 
increased antioxidant defense (Xu et al., 2010; Monteiro-Ju-
nior et al., 2015). Xu et al. (2010) showed that only moder-
ate-intensity vigorous exercise may prevent the occurrence of 

PD. However, there is no consensus on this issue. There are 
also studies reporting that low-to-moderate-intensity exer-
cise could promote the adaptation of antioxidants against the 
adverse effects of ROS and high-intensity exercise induced 
deleterious effects (Radak et al., 2005; Monteiro-Junior et al., 
2015).

Some limitations of this study must be recognized. First, 
we used a pre-post intervention design and applied the 
aquatic exercise to the control group, but we did not affirm 
that aquatic exercise had a better efficacy than sham therapy. 
Second, the number of subjects is relatively small, given to 
the difficulty of recruiting the sample. However, the results 
inspire us to do other studies with a larger-sized sample, in-
cluding a control group, which could enable the verification 
of other issues such as the influence of gender and age on ox-
idative stress modulation in response to an aquatic exercise 
protocol in PD patients.

In summary, our results revealed that water-based pro-
grams modulated antioxidant enzyme activity, increased 
SOD activity, reduced CAT activity, and reduced SOD/CAT 
activity ratio in PD individuals. The modulating effects ob-
tained immediately after the first session of aquatic exercise 
were better than those measured at other time points stud-
ied.  Further studies are needed to investigate the exercise 
intensity and long-term benefits of aquatic exercise therapy 
in patients with PD. 
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