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Abstract

Hydrotherapy is highly recommended for older adults because it offers warmth and support,
so people with pain or reduced mobility and balance can move and exercise more freely
compared to regular physical activity. The high plasma antioxidant capacity of uric acid in
neutralizing oxidative species and the importance of nitric oxide (NO) in vasodilation and
inflammatory response are relevant in older adults. This work aimed to evaluate
hydrotherapy's effect on uric acid and NO concentrations in a population aged > 60 years
before and after hydrotherapy. A randomized study with 37 individuals was divided into two
groups: the experimental group, which was evaluated at two time points: TO-before treatment
and T1-after 15-hydrotherapy sessions, and the control group, which did not practice any
exercise. The determinations of uric acid and NO levels in serum were carried out by
spectrophotometry. Statistics were carried out with SPSS. The experimental group showed a
significant increase in the concentration of uric acid in T1 compared to TO. NO results did not
show significant differences between TO and T1. Regular hydrotherapy increases the
concentration of serum uric acid, potentially beneficial in the performance of antioxidant
functions, reducing oxidative stress, delaying aging, and improving the well-being of older
adults.
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1. Introduction

Aging is a natural biological process that consists of the decline in functional capacity associated
with changes in mobility, autonomy, balance, and health in older adults. It can contribute to physical
disability and, in some situations, promote social isolation [1]. Aging increases the risk of
neurodegenerative diseases, diabetes, obesity, and atherosclerosis [2]. This process is guided by
molecules and metabolic pathways involved in the general degeneration of physiological functions
[3], with oxidative stress described as one of the determinants in the development of diseases in
older adults [4].

The exact mechanism of aging caused by oxidative stress is still unclear. The increase in reactive
oxygen and nitrogen species (RONS) levels probably leads to cellular senescence, a physiological
mechanism that interrupts cell proliferation in response to damage that occurs during replication.
Senescent cells acquire an irreversible senescence-associated secretory phenotype involving
secretion of soluble factors such as (growth factors, interleukins, and chemokines), insoluble protein
components/extracellular matrix, and degradative enzymes such as matrix metalloproteases [5].

Therefore, oxidative stress constitutes a risk factor for aging, and its increase contributes to
developing mechanisms that disturb redox balance [6]. The adaptive response to oxidative stress
decreases with aging [7], and in redox imbalance, there is the formation of free radicals [8], which
are reactive chemical species, with an unpaired electron in the external orbit and synthesized in
aerobic processes [9]. The main forms of radicals are reactive oxygen species (ROS) and reactive
nitrogen species (RNS), such as nitric oxide (NO) and its metabolites [10]. Uncontrolled ROS
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production is implicated in vascular injury [11], gradually decreasing cellular and tissue function over
time [12].

In response to oxidants, antioxidants appear, which can be enzymatic, non-enzymatic, uric acid
and albumin [9]. Uric acid, the end product of purine catabolism, is excreted mainly by the kidneys.
Xanthine oxidase is responsible for producing uric acid, a potent antioxidant, responsible for
approximately 60% of plasma antioxidant capacity and DNA protection in the repair of any nuclear
area exposed to oxidation [13]. Uric acid has demonstrated its ability to scavenge reactive radicals
resulting from harmful processes such as hemoglobin auto-oxidation or peroxide production by
macrophages that protect the erythrocyte membrane from lipid peroxidation [14].

Nitric oxide (NO) is synthesized from the amino acid L-arginine and oxygen by the enzymatic
action of nitric oxide synthase (NOS), inducible (iNOS), neuronal (nNOS) and endothelial (eNOS) [9].
NO synthesis is similar, with distribution in various cell types and different activation mechanisms.
nNNOS and eNOS are expressed in neuronal and endothelial cells, while iNOS is expressed in non-
vascular endothelial cells (macrophages, fibroblasts, and hepatocytes). NO is a signaling radical with
a short half-life and endogenous production [15], highly diffusible in different biological and
molecular pathways: neurotransmission, vasodilation, and response to infections [16]. It also
regulates the relaxation and proliferation of vascular smooth muscle cells, leukocyte adhesion, and
angiogenesis [17]. An imbalance in NO production is associated with inflammatory and degenerative
diseases, and reducing its bioavailability increases the production of ROS [18].

The high disability revealed by older adults can be minimized by implementing exercise programs
that improve physical capacity and reduce accumulated stress [1, 19]. Practicing exercises
performed in water, such as hydrotherapy, is one of the most recommended due to the low load
and mechanical stress induced on joints and supporting muscles. This activity is recommended for
rehabilitation and therapeutic procedures and is included in exercise programs to improve muscular
fitness in adults and older adults with movement limitations [20]. Particularly in elderly people with
disabilities, hydrotherapy reduces pain and increases safety when performing exercises [21]. The
healing properties of hydrotherapy are based on mechanical and thermal effects. The prolonged
application of heat and pressure exerted by water carries fundamental impulses to stimulate the
immune system, reduce stress, strengthen circulation and digestion, stimulate blood flow, and
decrease sensitivity to pain [22]. Hydrotherapy offers beneficial benefits in rehabilitating patients
with the most diverse pathologies. Water reduces the impact of joint movement, reducing the risk
of injury in patients with joint or degenerative diseases; it can be used to assist the movements of
weak and paralyzed muscles, as resistance to gain muscle strength; balance and proprioception
training is stimulated with instability in the water; the water temperature relaxes muscles, reduces
pain and facilitates stretching exercises, helping to improve muscle tone; in water the patient loses
fear, facilitating gait and balance training [23, 24].

Hydrotherapy stimulates the production of antioxidants, essential molecules in the aging process.
The objective of the present study was to evaluate the concentrations of uric acid and nitric oxide
before and after the practice of hydrotherapy applied to a group of older adults.
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2. Materials and Methods
2.1 Sample Characterization

The study consisted of 37 participants of both sexes, aged 60 years or older, divided into an
experimental group (EG) and a control group (CG). All participants are users of a physiotherapy
rehabilitation center in central Portugal. The EG participants were previously evaluated by a
physician and instructed to perform hydrotherapy sessions under the guidance of a physiotherapist.
Participants only performed hydrotherapy sessions during the study as a physiotherapeutic
treatment [25]. All participants started hydrotherapy treatment in the present study. After a
medical prescription for hydrotherapy, participants were contacted by the researcher, the project
was explained, and only after consent did they join the study and follow the protocol.

For laboratory evaluation of the 27 individuals in the EG, peripheral blood samples were collected
at two-time points (TO) before the hydrotherapy sessions and (T1) after 15 sessions at the end of
the prescription. The CG participants performed only one venous blood collection. These
participants did not practice hydrotherapy.

Age equal to or greater than 60 years and absence of movement limitations were considered
inclusion criteria. The impossibility of practicing movements and lack of balance were assumed as
exclusion criteria [25].

For the sample estimation regarding the two groups (EG and CG), we took into account the
following elements: a confidence level of 95%, for a random error of 5%, a test power of 80% (1-B),
and an effect size of 0.80 (Cohen's reference values), requiring 42 participants: 21 for the EG and 21
for the CG [26, 27]. We gathered 27 participants in the EG, but in the CG, there were dropouts,
which accounted for only 10 participants. Nevertheless, the participants in the CG were from the
same rehabilitation center as the EG and were well-matched (see Results).

2.2 Hydrotherapy Sessions

The treatment consisted of 15 hydrotherapy sessions twice a week, with adequate exercise for
30 min in a therapeutic pool. Each hydrotherapy session had a maximum of 8 participants. All
performed similar therapeutic exercises. The intensity was adjusted to the participant's capacity.
The hydrotherapy sessions had a sequence of movements composed of three moments: 5 min
warm-up to produce neuromuscular activation, 15 min aerobic exercise (exercise intensity was
defined at a mean of 60% of their maximum heart rate on the Borg Scale Rating of Perceived
Exertion) and 5 min relaxation (calm down, dynamic stretching and normalize respiratory pattern)
and critical, always in the presence of a physiotherapist. The Aquatic Exercise Association carried
out the exercise plan, which recommends an aquatic exercise protocol for specific populations,
implemented in a pool with a temperature adjusted to 33 + 1°C and the water depth at the level of
the xiphoid process [20].

2.3 Sample Collection and Treatment

All blood collections were performed between 8 am and 10 am. Blood samples were collected
from the veins of the participants’ median cubital fossa. Samples were always collected at the
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hydrotherapy site before or after the last session. Participants were warned not to perform physical
activity before harvesting.

In the EG, all participants performed two venous blood collections before the start of treatment,
moment (T0), and at the end of the 15 hydrotherapy sessions, moment (T1). The GC performed only
one collection. Peripheral blood samples were collected in tubes without anticoagulant and
centrifuged at 2000 g for 10 min at 4°C. Then, the serum was separated into the cryotubes and
preserved at -80°C.

After the blood collection, in all samples, the parameters under study were evaluated in duplicate,
and good laboratory practices were maintained [25].

2.4 Quantification of Uric Acid

The quantification of uric acid in serum samples was performed in the Tokyo Boeki Prestige 24i
(Diamond Diagnostic, Japan) automated analyzer, using the Kit LQ UA (Cormay SA Wiosenna 22.05-
092, Lomianki, Poland), with the enzymatic colorimetric method of uricase and peroxidase, using
spectrophotometry and reading at 546 nm.

2.5 Quantification of Nitric Oxide

As an initial procedure, the samples were deproteinized, which consisted of transferring 200 uL
of sample to a molecular filter of 10 kDa, then centrifuged at 4°C for 30 min at 14000 g, using the
Heraeus, Labofuge 300 (Thermo Scientific centrifuge, United Kingdom).

The quantified NO in serum samples was quantified using the Total Nitric Oxide and
Nitrate/Nitrite kit (R & D Systems, UK & Europe) and following the kit's description. The test
evaluated the concentration of nitric oxide based on the enzymatic conversion of nitrate to nitrite
by the action of the enzyme nitrate reductase. Nitrites were detected by the Griess reaction with a
spectrophotometric reading at 540 nm on the equipment Multiskan GO (Thermo Scientific, Japan).

2.6 Statistical Analysis

The program IMB SPSS Statistics, version 25.0, was used for statistical treatment, applying a
descriptive analysis followed by the t-Student test. The unpaired t-test was applied for comparisons
between CG and EG, and the paired t-test was used for comparisons within EG at time 0 and time 1.
Values are presented as mean * standard deviation. The differences/correlation between the
groups were considered statistically significant for p values < 0.05 with a 95% confidence interval.

The principles of the Declaration of Helsinki were present in the study. It was approved by the
Ethics Committee of the Polytechnic Institute of Coimbra (45/2018). All participants were volunteers,
provided their sociodemographic information, had information about the project, and signed the
informed consent form before participating.

3. Results
3.1 Characterization of Participants

The total number of study participants was divided into an EG formed of 27 individuals with a
mean age of 68.3 + 5.2 years and a CG with 10 individuals with a mean age of 70.5 + 6.6 years (Table
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1). From a biological point of view, the groups were very balanced despite the age being higher and
significant (p = 0.018) in CG. Most participants were female and had chronic inflammatory and
cardiac diseases, characteristics of the age group under study. All participants manifested age-
related comorbidities and were on medication.

Table 1 Patient's sociodemographic characterization.

Experimental Group n =27 Control Group n =10

Age (years) 68.3+5.2 70.5+6.6
Min/Max 60/82 67/89
Female n=24 n=8
Sex
Male n=3 n=2

Min - minimum; Max - maximum; Results expressed as mean + standard deviation.

3.2 Quantification of Uric Acid

The concentration of uric acid at the initial moment (T0) in the EG registered an average value of
4.63 +1.16 mg/dL, and in the CG, 4.63 + 1.0 mg/dL, without statistically significant differences (p =
0.824) between the groups. When uric acid levels were reassessed after the hydrotherapy
intervention period, in the EG was observed a substantial increase from 4.63 + 1.16 mg/dL in TO to
5.02+1.29 mg/dLin T1 (p = 0.003), see Figure 1.
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Figure 1 Concentration of uric acid in TO and T1 in the experimental group. TO: before
hydrotherapy treatment; T1: after 15 hydrotherapy sessions. The results are presented
in mg/dL; ** p = 0.003.

3.3 Quantification of Nitric Oxide

The concentration of NO presented in the groups in TO was in the EG 10.63 + 6.76 umol/L and
the CG 13.78 + 10.59 umol/L, showing no statistically significant differences (p = 0.321) between
groups. In the EG, when concentrations were compared, TO: 10.63 + 6.76 umol/L and T1: 11.94 +
6.40 umol/L, there were also no significant differences.
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4. Discussion

The present study analyzed the impact of hydrotherapy in relation to the concentrations of uric
acid and NO in older adults to understand the relationship between aging and physical exercise. The
World Health Organization has revealed that lack of exercise is among the top four causes of
mortality worldwide and is one of the leading public health problems [1]. Preserving good health
with advancing age is one of the best ways to guarantee the quality of life of a population,
particularly in older adults, when there are usually functional deficiencies and a lower degree of
autonomy due to the occurrence of degenerative processes [28]. It is essential to invest in strategies
that reduce physical inactivity and encourage the increase of physical activity programs to promote
health and prevent various age-related diseases such as heart disorders, osteoporosis, and
hypertension [1]. According to Martinez-Velilla and collaborators, an individualized and
multicompetent intervention, including low-intensity resistance training exercises performed
during a short period, significantly benefits older adults' health and can help reversing functional
decline, cognitive status and well-being [29]. Felcar et al. recommend hydrotherapy to this
population because it takes place in the water, consequently requires less muscle strength, and is a
safe practice (always supervised). They also showed that aerobic exercise improves adaptation to
oxidative stress, increasing the levels of antioxidants to combat excess oxidative species [30]. Similar
observations were made by Gomes et al. in 2017, describing that regular exercise increases the
formation of ROS and can induce beneficial adaptations by stimulating the regulation of cellular
antioxidant systems and stimulation of oxidative damage repair systems [31]. Exercise can act as a
potential non-pharmacological strategy for treating conditions such as hypertension because of its
benefits on oxidative stress [32]. In 2016, Korsager and co-authors showed that aerobic exercise
proved effective in significantly reducing ROS and the occurrence of these reactive species
associated with diseases such as hypertension [32]. Also, Pisoschi and Pop 2015 observed that
damage induced by free radicals in oxidative stress contributes to the pathogenesis and
pathophysiology of chronic pathologies, such as neurodegenerative, cardiovascular, inflammatory
and cancer. Promoting exercise can help combat oxidative stress and consequently reduce the
variety of associated diseases [9]. Oxidative stress plays an essential role in forming atherosclerotic
lesions by overproduction of ROS. Endothelial and smooth muscle cells produce oxidant substances,
leading to the proliferation of immune cells in the arterial wall, the release of cytokines, the
induction of inflammatory processes, and additional ROS [33].

Based on the importance of antioxidant markers, especially in the older adult population, in
association with the practice of physical exercise, our study consisted at two time points (TO and T1)
that allowed us to evaluate the concentrations of uric acid and NO before and after the practice of
hydrotherapy. Uric acid concentration increased after exercise. A study supports these results with
30 healthy adults of both sexes based on laboratory and physical exams to screen kidney and liver
changes in gastrointestinal, pulmonary, or oncological diseases. The participants performed
activities such as football, basketball, swimming, and cycling and showed increased uric acid
afterward. In these modalities, the concentration reached its maximum value one hour after the
end of the exercise [34].

Regarding NO, Guizoni et al., in a study with mice, reported that aerobic exercise training has
beneficial vascular effects and reduces oxidative stress by increasing the bioavailability of NO. The
information collected in this study suggested exercise as a potential therapy for preventing certain
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diseases based on the increase in NO bioavailability [35]. Another study [36] argued that physical
exercise is a physiological inducer of NO production since the increase in blood flow and blood vessel
distortion induced by the muscular contraction stimulates eNOS and nNOS [36]. The quantification
of NO did not show differences after hydrotherapy. Considering the age of the participants, this
result can be explained by an insufficient adaptive response to oxidative stress [7]. Also, being a
population where the inflammatory process and degeneration are present, an imbalance in NO
production is compatible, as well as the reduction of its bioavailability by peroxynitrite generation
[18]. According to a study carried out in 2022, the regular practice of hydrotherapy seems to work
as a stimulus to the antioxidant enzyme system, with increased activity of the enzyme glutathione
peroxidase and glutathione reductase, critical in the aging process, reducing oxidant species [25].
Contrary to what occurs after intense exercise sessions, chronic and moderate exercise is associated
with reduced levels of oxidative stress markers and increased enzymatic and non-enzymatic
antioxidant capacity in young and older adults [37].

In the recent past, aquatic therapy has been a facilitator for older adults, taking into account the
particularity of water as support, resistance, and assistance [38]. The aquatic exercise program
benefits muscle coordination, flexibility, and increased exercise capacity [39]. For older adults,
aquatic physical therapy is safe and can increase physical activity with reduced risk of injuries and
falls during activities [39, 40]. Aquatic therapy appears to be a safe and suitable exercise as training
to reduce future falls in the older adult population. However, more evidence is needed to support
the benefits [41]. According to Turner et al. in 2018, hydrotherapy is an important training and
rehabilitation method for improving the older adults' postural control, mobility and well-being,
especially in groups. The training program offers exercises of different levels and increasing
complexity for better adaptation and progression of the individual. Thus, hydrotherapy offers a
successful alternative method of balance training in preventing falls and injuries in the geriatric
population [40].

The authors recognize some limitations of the study, such as the small number of participants in
the hydrotherapy sessions, which prevented the organization into subgroups associating
comorbidities, age and medication. Alternatively, a single group was formed. Also the fact that the
average age was higher in the CG, but as the groups from a biological point of view were very similar,
there does not seem to be any reason to suppose that this affected the comparisons between CG
and EG for uric acid and nitric oxide, because the participants were well matched in other respects.
It should be noted that the relevant results of the study focused on comparisons within the EG
between TO and T1. Another important factor is the time needed for the hydrotherapy intervention,
which should be extended. However, with the present study it was possible to demonstrate that the
practice of exercises, especially hydrotherapy exercises, is favorable in adapting antioxidant
mechanisms. The beneficial characteristics that hydrotherapy presents in terms of muscle relaxation
and temperature facilitate movement. It is recommended that the study be replicated, allowing us
to reinforce the lack of studies in this modality, which seems to us to be very promising for older
adults.

The authors acknowledge the added value of replicating the present study while maintaining the
hydrotherapy exercise plan and increasing the number of participants. The beneficial characteristics
that hydrotherapy presents in terms of muscle relaxation and temperature facilitate movement.
They also reinforce the lack of studies in this modality, which seems promising.
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5. Conclusions

The study suggests that the regular practice of hydrotherapy increases the concentration of
serum uric acid, potentially beneficial in the performance of antioxidant functions reducing
oxidative stress. The relationship between exercise and oxidative stress remains highly complex,
depending on the mode, intensity, and duration of training and individual susceptibility to injury.
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