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Arthritic diseases are the most frequent causes of chronic pain and disability. Rheumatoid arthritis (RA) is an autoimmune disease
characterized by synovial inflammation and progressive structural joint damage. Osteoarthritis is a degenerative process of the
articular cartilage associated with hypertrophic changes in the bone. The aim of the present study was to investigate the anti-
inflammatory and analgesic effects of Hévı́z thermal water and mud in monosodium iodoacetate- (MIA-) (25 mg/ml, 20 𝜇l i.a.)
induced osteoarthritis and Complete Freund’s adjuvant- (CFA-) (1mg/ml, 50–50𝜇l s.c) induced rheumatoid arthritis murine
models. The mechanonociceptive threshold of female NMRI mice (n=6– 8 mice/ group) was measured by aesthesiometry, and
paw volume wasmonitored with plethysmometry, knee joint diameter with digital micrometer, and dynamic weight bearing on the
hind limbs with a Bioseb instrument. Periarticular bone destruction was assessed by SkyScan 1176 in vivo micro-CT. Inflammatory
cytokines were detected by ELISA in plasma samples. Treatments (30min, everyworking day) with tapwater, sand, and a combined
therapy of tap water and sand served as controls. Hévı́z medicinal water and combined treatment with water andmud significantly
decreased the mechanical hyperalgesia and knee oedema in MIA-induced osteoarthritis model. However, balneotherapy did not
influence mechanical hyperalgesia, weight bearing, or oedema formation induced by CFA. Neither medicinal water nor mud
treatment ameliorated deep structural damage of the bones or the joints in the animal models. On the basis of the present findings,
we conclude that balneotherapy is an effective complementary treatment to reduce the pain sensation and swelling in degenerative
joint diseases such as osteoarthritis. Our experimental data are in agreement with the previous human studies that also confirmed
antinociceptive and anti-inflammatory effects of thermal water and Hévı́z mud treatments.

1. Introduction

Balneotherapy (BT) traditionally means bathing in mineral
and/or thermal waters from natural springs; besides them
treatments with gas molecules (e.g., CO2, H2S), peloids
(mud) and other natural compounds (e.g., hay) can be listed
into the balneological interventions [1]. The bottom of the
largest European thermal lake named Hévı́z is covered by
a special mud, which can be useful for medical prospects
[2]. The spring of the lake originates from 38 m deep cave,
and the bed of the lake is covered with 6-8 m thick mud

layer,mainly organicHévı́zmud,which is dark-grey in colour
and soft in texture. The water of Lake Hévı́z contains solid
and gaseous compounds therefore its composition joins the
beneficial forces of carbonate, sulfur, calcium, magnesium,
and hydrogen carbonate-containing waters [3]. The thermal
water andmud were formed in the ancient Pannonic-sea tens
and they are suitable for complex physiotherapy treatments.
The effective substances of the Hévı́z mud were described
previously [4–6]. BT is widely used to amplify the effects of
drug treatments and recommended for a broad spectrum of
diseases, such as arthritis, dermatitis, and fibromyalgia [7–9].
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The efficacy of BT for osteoarthritis has been approved by
several randomized clinical trials but beneficial actions of this
treatment are oftenmanifested in subjective improvements of
the pain sensation and the quality of life [1, 10].

Osteoarthritis is a common chronic degenerative disorder
associated with pain and debilitated state with a progres-
sive damage of articular cartilage, moderate inflammatory
changes in the tissues in and around the joints, and in severe
cases formation of osteophytes and bone cysts [11].Themode
of action by which BT reduces the signs of OA and other
broad spectrum rheumatologic disorders is not elucidated
yet. The beneficial action is probably due to the combined
mechanical, thermo, and chemical effects of mineral water
and mud.

The exact molecular mechanism of balneotherapy is still
not fully understood; however its efficacy was confirmed by
several human studies [12, 13]. Tap water controlled double
blind balneotherapy clinical trials were reported in rheuma-
toid arthritis (RA) or osteoarthritis (OA) patients inHungary
[2, 3, 6, 10, 14, 15]. The principal aim of the present study
was to develop and validate available experimental animal
models of osteo- and rheumatoid arthritis for investigation
of the potential anti-inflammatory and analgesic effects of
Hévı́z thermal water and mud. Although human studies
and meta-analyses presented clear evidence providing the
efficacy of BT, well conducted, controlled animal studies are
still imperfect in the balneological research. Therefore our
methodology could be essential to elucidating themechanism
of the therapeutic impact of BT.

2. Materials and Methods

2.1. Animals. Experiments were performed on 12–16-week-
old female NMRI mice. All animals weighing 45-50 g were
kept in the Animal House of the Department of Pharmacol-
ogy and Pharmacotherapy of the University of Pécs at 24-
25∘C and provided with standard chow food and water ad
libitum under 12-hour light/dark circle. Mice were housed in
groups of 5–10 in polycarbonate cages (330 cm2 floor space,
12 cm height) covered by wood shavings bedding. The total
number of mice used in the study was 92, and they were
allocated to experimental groups with randomized section.
To attenuate the number of the experimental animals, the
same mice were used for the functional measurements and
imaging techniques, for the cytokine measurements as well
as for the histopathological evaluation.

The investigators were always blinded to all the treat-
ment. Before functional experiments twomeasurements were
fulfilled for habituation purposes and these results were not
considered for the final analysis.

2.2. Ethics. All experiments were executed according to the
1998/XXVIII Act of the Hungarian Parliament on Animal
Protection, Consideration Decree of Scientific Procedures of
Animal Experiments (243/1988) and Directive 2010/63/EU of
the European Parliament. The experimental procedures were
approved by the Ethical Committee of the University of Pécs,
and licence was given (licence No.: BA 02/2000–2/2012).The

number of animals used was kept to the minimum necessary
for the purpose of the investigation and measures were taken
to avoid unnecessary distress of the animals.

2.3. Experimental Design

2.3.1. Balneotherapy. Balneotherapy was started one week
before the induction of osteoarthritis or rheumatoid arthritis
and was applied for 30min every working day until the end of
the study. Mice were bathed in 34-35∘C Hévı́z water (freshly
obtained from the spring of Hévı́z, which contains among
others sodium: 21.7mg/l, potassium: 6.45mg/l, magnesium:
36.1 mg/l, calcium: 82.1, hydrogen carbonate: 384 mg/l,
sulphate: 63.0 mg/l, and hydrogen sulphide: 0.1mg/l and has
pH 7.14 and hardness 198 CaOmg/l). Tap water-treated group
served as control.

2.3.2. Mud Therapy. Topical administration of Hévı́z mud
was designed with the help of enclosing the entire body of
the animal in a transparent plastic tube leaving only the tails
outside. Before closing, the tube was filled up with Hévı́z
mud or sand to cover the lower half of the body. Small holes
were prepared in the whole of the tube providing appropriate
ventilation of the animals.

2.3.3. Treatment Groups of the Animals. Treatment groups
were as follows: Group 1: Hévı́z mineral water, Group 2: tap
water, Group 3: Hévı́z mud, Group 4: sand, Group 5: Hévı́z
water + mud, and Group 6: tap water + sand.

2.4. Experimental Models

2.4.1. MIA-Induced Osteoarthritis Model. Osteoarthritis was
evoked by injecting 20𝜇l, 25mg/mlmonosodium iodoacetate
(MIA, Sigma-Aldrich, St. Louis, MO, USA) dissolved in 0.9
% saline into the cavity of left knee joint cavity through the
patellar ligament [16]. Investigation was performed through-
out the 20-day period [17]. Mechanical hyperalgesia, knee
joint swelling, and bone destruction were observed in vivo
during the 3-week experimental period (Figure 1(a)), while
histopathological scoring was assessed using knee joints
excised at the end of the study, as described below.

2.4.2. CFA-Induced Rheumatoid Arthritis Model. Complete
Freund’s adjuvant (CFA) containing heat-killed Mycobac-
terium tuberculosis suspended in paraffin oil (1mg/ml;
Sigma-Aldrich, St. Louis, MO, USA) evokes macrophage-
mediated immune response. Fifty 𝜇l of CFA was injected
intraplantarly into the left paw and subcutaneously (s.c.)
into the root of the tail. Boosting injection was applied
into the tail again after one day to potentiate the systemic
effects mimicking the human disease [18]. The treatment
with mineral water and mud started one week prior to
CFA injections and then continued for 19 days. Mechanical
hyperalgesia, ankle oedema, and dynamic weight bearing
weremeasured in vivo during the 19-day experimental period
(Figure 1(b)), and histopathological analysis was executed
from the tibiotarsal joints excised at the end of the study.
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Figure 1: Schematic draw of protocols. (a) Osteoarthritis model and (b) Rheumatoid arthritis.

2.5. Investigational Techniques

2.5.1. Measurement of Touch Sensitivity on the Hind Paw. The
mechanical touch sensitivity thresholds of the plantar surface
of the pawsweremeasured with dynamic plantar aesthesiom-
etry (Ugo Basile Aesthesiometer 37400, Comerio, Italy). This
device is an automated von Frey and the most appropriate
technique to study mechanical hyperalgesia in mice [18–
20]. The mice can move freely; a straight metal filament
touches the animal’s paw and exerts an increasing upward

force (maximum force of 10 g with 4-second latency) until the
animal retracts its paw. The mechanonociceptive threshold
was shown in grams digitally on a screen, and mechanical
hyperalgesia was expressed as percentage of initial control
value. Three control measurements were performed on both
hindpaws for each group in the week before the experiments.

2.5.2. Measurements of Paw Oedema. Paw volumes were
measured by plethysmometry (Ugo Basile Plethysmometer,
7140, Comerio, Italy) prior to CFA injections, and 4, 6, 8, 11,
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13, 15, and 18 days after CFA administration. Oedema was
expressed in percentage compared to the initial control values
[21].

2.5.3. Measurement of Knee Joint Diameter. Themediolateral
and the anterior-posterior diameters of the knee joint were
measured with a digital micrometer (Mitutoyo, Japan) prior
to MIA administration and on days 2, 5, 7, 9, 12, 14, 16, and 19.

2.5.4. Measurement of Dynamic Weight Bearing. Dynamic
weight bearing on the hind limbs was determined with
Bioseb weight bearing instrument (Bioseb, France).This is an
operator-independent system for spontaneous painmeasure-
ment and an advanced alternative for incapacitance tester.
The instrument is composed of a cage, where the animals
can move freely, while the special sensing floor detects the
weight for each paw during the 5-min experimental period. It
is combinedwith a video-camera and software, which records
the movements of the animal and analyses the data [22].
Resultswere expressed as the percentage of weight distributed
on the injured hind limb ([weight bearing of the treated paw
/(weight bearing of the treated paw + weight bearing of the
untreated paw)] x 100). After controls to establish a baseline,
measurements were performed on days 6, 13, and 18.

2.6. In Vivo Micro-Computed Tomography (Micro-CT) Anal-
ysis of the Periarticular Bone Structure. Evaluation of peri-
articular bone destruction was assessed by SkyScan 1176 in
vivo micro-CT (Bruker, Kontich, Belgium) with 17.5 lm voxel
size at the end of the study [23–25]. Determining the changes
of bone structure, standard size areas of interest (ROIs) were
applied periarticularly in regions of tibia and femur and were
calculated using CT Analyser� [26]. Bone volume (BV) was
expressed in cubicmicrometer (𝜇m3) and then was presented
as a percentage of changes of the total volume (TV) of
ROIs.

2.7. Determination of Plasma Cytokine Concentrations. After
all functional testing had been completed on day 20 in
osteoarthritis or on day 19 in rheumatoid arthritis model,
all animals were deeply anaesthetized with ketamine (100
mg/kg, i.p., Richter Gedeon Plc., Hungary) and xylazine (10
mg/kg, i.m., Lavet Ltd., Hungary); then the thoracic cavity
was opened and 0.5–1 ml blood was collected from the left
ventricle with a heparinized syringe into ice-cold polypropy-
lene tubes containing EDTA (40 𝜇l) and trasylol (20 𝜇l).
The collected blood was immediately centrifuged (1,000 g,
20 min, 4∘C), and the resulting plasma was stored at -80∘C.
The concentrations of the inflammatory cytokines IL-1𝛽 and
TNF-𝛼 were measured by ELISA using BD OptEIA Mouse
IL-1𝛽 ELISA set and BD OptEIA Mouse TNF (Mono/Mono)
ELISA Set (BD Biosciences, USA). Detection was performed
by using Labsystem Multiscan RC plate reader (LabX Ltd.,
Canada).

2.8. Histological Processing and Assessment of Joint Inflamma-
tion. Mice were anaesthetized asmentioned above, sacrificed
by cervical dislocation on day 20 after MIA or 19 after CFA
administration and knee joints or the whole paws (including

tibiotarsal joints) were excised, respectively. After formalde-
hyde fixation, decalcification, and dehydration the knee joint
or paw samples were embedded in paraffin, sectioned (3-4
𝜇m), and stained with Safranin O [25], respectively.

CFA-induced arthritic alterations were scored focusing
on (1) infiltration of areolar tissue by mononuclear cells and
synovial hyperplasia, (2) the number of leukocytes observed
in the synovial tissue, and (3) cartilage destruction using a
grading scale of 0 (normal) to 3 (maximal severity) for each
parameter, to create composite arthritis scores [18, 27].

MIA-induced histological damage was characterized by
an expert blinded to the study, with a modified Mankin
semiquantitative scoring system and additional parameters.
TheMankin score evaluates structure (0–6), cellularity (0–4),
matrix staining (0–4), and tidemark integrity (0–1). Fur-
thermore, synovial thickness and cellular infiltration on a
scale of 0 to 3 and the osteophyte formation (0–1) were
scored [28]. Mean scores were established from the sections
of different animals, and composite score was calculated from
these values.

2.9. Statistical Analysis. Data are expressed as means ±
standard errors of means (SEM) of n=6–8 mice per group.
Repeatedmeasures of two-way analysis of variance (ANOVA)
followed by Bonferroni’s multiple comparison test was used
for statistical analysis in cases of mechanical hyperalgesia,
paw oedema, and knee diameter changes. Semiquantitative
histopathological scoring was assessed with Kruskal-Wallis
test followed by Dunn’s posttest and one-way ANOVA fol-
lowed by Bonferroni’s multiple comparison posttest was used
to compare plasma cytokine levels. Evaluations were carried
outwith the help ofGraphPadPrism 5.01 software andP<0.05
was considered to be statistically significant.

3. Results

3.1. Hévı́z Water Significantly Decreases the MIA-Induced,
but Not the CFA-Induced, Mechanical Hyperalgesia of the
Mouse Paw. Intraarticularly administered MIA (20 𝜇l, 25
mg/ml i.a.) induced an approximately 30-40% mechanical
hyperalgesia after 2 days in all groups (Figures 2(a), 2(b), and
2(c)). This mechanical hyperalgesia was gradually decreased
in tap water-treated group (from 8.78 ± 0.31 g to 4.53 ±
0.59 g) and from day 9 it was significantly higher compared
to the Hévı́z water-treated group (-48.90 ± 5.82 versus -
20.60 ± 4.10). This difference was maintained at the end of
the experiment but was statistically significant on days 14
and 16 (Figure 2(a)). Significant differences of MIA-induced
mechanical hyperalgesia were not developed in the Hévı́z
mud-treated group compared to the sand-treated control
group (Figure 2(b)). But the MIA-induced robust drop of
mechanonociceptive thresholds was significantly attenuated
by the combination of the two types of treatment (Hévı́z water
andmud) compared to the respective control group (-22.02±
9.01 versus -45.35± 5.71 onD5, -7.19± 4.53 versus -37.71± 9.46
on D12, respectively, Figure 2(c)).

Four days following CFA injection approximately 30-
40% mechanical hyperalgesia was developed in the tap
water-treated group. Pain sensation did not differ statistically
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Figure 2: Effects of balneotherapy on mechanical hyperalgesia in MIA-induced osteoarthritis (a, b, c) and CFA-induced rheumatoid
arthritis (d, e, f) models. Data points represent the percentage changes of the mechanonociceptive threshold throughout the 3-week
experimental periods in mice treated with Hévı́z water (a, d), Hévı́z mud (b, e), and combined therapy with Hévı́z water and mud (c, f)
(30mins on every weekday by the end of the study), n = 6–8/arthritic groups; ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001 versus respective controls;
two-way ANOVA followed by Bonferroni’s multiple comparison test.
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Figure 3: Effects of balneotherapy on knee diameter in MIA-induced osteoarthritis model. Data points represent the percentage changes
of the knee diameter throughout the 3-week experimental periods inmice treatedwith Hévı́z water (a), Hévı́zmud (b), and combined therapy
with Hévı́z water and mud (c) (30 mins on every weekday by the end of the study). Data are shown as means+SEM of n = 6– 8 mice/ group;
∗p < 0.05, ∗∗p < 0.01 versus respective controls; two-way ANOVA followed by Bonferroni’s multiple comparison test.

in the Hévı́z water-treated group during the experiment
(Figure 2(d)). In the sand-treated mice approximately 50-
55%mechanical hyperalgesia developed 4 days after the CFA
injection which was significantly attenuated by the daily
repeated Hévı́z mud treatment (-25.64 ± 4.22 versus-54.24 ±
8.13) on day 4 (Figure 2(e)). The combined therapy did not
change the developed mechanical hyperalgesia in any time
point (Figure 2(f)).

3.2. Hévı́z Water Significantly Decreases the MIA-Induced
Knee Swelling, but Not the CFA-Induced Paw Oedema. 2
days after the MIA injection an approximately 10-20% knee
diameter (AP) elevation was developed in all treated groups
(Figures 3(a), 3(b), and 3(c)). Oedema formation was signif-
icantly attenuated from day 9 to the end of the experiment
in the Hévı́z water-treated group compared to the control tap

water-treated group (Figure 3(a)). TreatmentwithHévı́zmud
or combined treatment did not influence the change of the
knee diameter compared to their respective controls (Figures
3(b) and 3(c)).

Approximately 70-85% hind paw oedema was developed
4 days after CFA injection in all treated groups (Figure 4(a)).
None of the treatments influenced the development oedema
formation during the experiment (Figures 4(b) and 4(c)).

3.3. Balneological Treatments Do Not Influence CFA-Induced
Spontaneous Weight Distribution of the Injured Hindpaw.
The control weight bearing of the limbs was ca. 50-50%
in every group. As a result of inflammation the values
decrease moderately but in accordance with the values of the
mechanonociceptive threshold. After one week, the drop of
weight bearing on the treated limbs was themost pronounced
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Figure 4: Effects of balneotherapy on paw volume in CFA-induced rheumatoid arthritis model. Data points represent the percentage
changes of the paw volume throughout the 3-week experimental periods in mice treated with Hévı́z water (a), Hévı́z mud (b), and combined
therapywith Hévı́z water andmud (c) (30mins on every weekday by the end of the study). Data are shown asmeans+SEM; two-way ANOVA
followed by Bonferroni’s multiple comparison test.

and the pain was relieved by the end of the study. 6 days after
CFA injection spontaneous weight bearing on the affected
limbs decreased by 17% (from 51.81 + 1.71 to 42.78 + 2.47)
in the tap water-treated group, but this was not significantly
different compared to the Hévı́z water-treated group (from
49.75 + 0.56 to 38.90 + 1.99, Figure 5(a)). Similar tendency
and no significant difference could be detected in the other
groups (Figures 5(b) and 5(c)).

3.4. Balneological TreatmentsDoNotAmeliorateMIA-Induced
Structural Changes in the Bone. There were no considerable
differences induced by MIA injection on the micro-CT scans
between bone volume and total volume ration of mice treated
with Hévı́z water, mud, or their combination compared to
the normal, intact condition or its respective controls. The

basal bonemass both in the tibiotarsal and distal tibial regions
was similar in each treated group at the end of the 19-day
experiment (Figures 6(a), 6(b), and 6(c)).

3.5. Combined Treatment with Hévı́z Water and Mud Signif-
icantly Decreases the Plasma Level of Interleukin-1𝛽 but Not
the TNF-𝛼 Level in MIA-Induced Osteoarthritis Model. The
serum concentrations of IL-1𝛽 were significantly attenuated
by the combined treatment with Hévı́z water and mud
compared to the control mice in MIA-evoked osteoarthritis
model (Figure 7(a)). IL-1𝛽 levels in the control and treated
groups did not show any differences in the CFA-induced
arthritis model (Figure 7(b)). Balneological interventions
were not effective on TNF-𝛼 level either in MIA or CFA
models (data not shown).
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Figure 5: Effects of balneotherapy on spontaneous weight bearing in CFA-induced rheumatoid arthritis model. Data points represent
the percentage changes of weight bearing of the injured hind paw throughout the 3-week experimental periods in mice treated with Hévı́z
water (a), Hévı́z mud (b), and combined therapy with Hévı́z water andmud (c) (30 mins on every weekday by the end of the study). Data are
shown as means±SEM of n = 6– 8 mice/ group; two-way ANOVA followed by Bonferroni’s multiple comparison test.

3.6. Balneological Treatments Did Not Alleviate Histopatho-
logical Changes Either in the Knee Joint in MIA-Induced
Osteoarthritis, Or in the Tibiotarsal Joint in Rheumatoid
Arthritis Model. MIA or CFA injections induced a robust
joint destruction in all groups. Characteristic chronic
arthritic changes developed in the control mice by day 18 or
19, respectively, such as synovial hyperplasia with a moderate
infiltration of mononuclear cells, fibroblast formation, and
collagen deposition resulting in a composite arthritis score
ca. 10-11 in MIA and 5-6 in CFA models. In balneotherapy-
treated mice these changes were less pronounced and showed
a tendencywith smaller synovial swelling, reduced number of
fibroblasts, and less collagen, but the difference was not sig-
nificant. Histopathological scores of the three balneotherapy-
administered groups did not differ significantly from their
respective controls (Figures 8(b) and 9(b)).

4. Discussion

In the present study we developed and validated animal mod-
els for evaluation of anti-inflammatory and antinociceptive
effects of the Hévı́z thermal bath, mud, or their combined
therapy. Furthermore we confirmed that balneotherapy is
effective in murine model of degenerative arthritis. Hévı́z
mineral water and combined therapy significantly decreased
the mechanical hyperalgesia, in MIA-induced osteoarthritis
model. Knee oedema was also attenuated by the treatments
but only the thermal water exerted significant action. Mea-
surement of plasma concentration of inflammatory cytokines
(IL-1𝛽, TNF-𝛼) revealed that combined treatment has sub-
stantially decreased the IL-1𝛽 level in MIA-model. However,
balneotherapy did not influence mechanical hyperalgesia,
paw oedema, and the spontaneous pain in CFA-induced
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Figure 6: Bone structural damage in the inflamed region in CFA-induced rheumatoid arthritis. (a) Representative micro-CT images in
intact state and on day 19. (b) Bone volume/total volume ratio in the femur, expressed as raw data and as percentage of the initial controls.
(c) Bone volume/total volume ratio in the distal tibia, expressed as raw data and as percentage of the initial controls (n = 6/group, two-way
ANOVA + Dunnett and Tukey posttests).
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Figure 7: Plasma concentrations of inflammatory cytokines interleukin 1-beta (IL1-𝛽) in MIA-induced osteoarthritis (a) and in CFA-
induced rheumatoid arthritis (b) models. Each bar is represented as means±SEM of n=6-8 mice/group, ∗ ∗ ∗p < 0.001 versus respective
controls; one-way ANOVA followed by Bonferroni’s multiple comparison test.

rheumatoid arthritis model. Experimental data based on
micro-CT analysis demonstrated that neither MIA nor CFA-
treatment caused severe structural damage of the bones dur-
ing the 19 day experimental period. Robust histopathological
changes of the knee joints have been observed in bothmodels,
but balneotherapy itself proved to be ineffective.

Up to now, only limited number of controlled animal
studies have been executed to reveal the effects of balneother-
apy in different diseasemodels of inflammation and pain [29–
31]. Since pathological mechanisms of the human OA and
RA are complex and can be activated by various endogenous
and exogenous inflammatory and immune mediators, it is
hardly possible to establish a perfect animalmodel. One of the
main important issues is to find the sufficient process of mud
treatment without anaesthesia. In a long term experiment
(more than 10 days) it is not possible to anesthetize the
experimental animals every day. The other capital problem
is the most suitable application routine of balneotherapy
in the experimental design. After 2 pretreatment processes,
animals were easily habituated to the 35∘CHévı́z or tap water
bath. According to our personal experiences the appropriate
mud therapy in the laboratory animals is very problem-
atic especially in mice. Earlier studies have not given any
instructions for technical details; therefore we have worked
out an original special method. Avoiding the inhalation and
ingestion of the mud, animals were enclosed into small tubes
containing holes on the walls to allow fresh air exchange and
perspiration [32]. The restraints exert stress reactions [33],
but peloid administration might not be executed without
restraint of the animals. Since controlmicewere also enclosed
in these tubes during the treatment procedure, the influence
of the stress-induced pain behaviour [33] on the experimental
data could be eliminated. Since the 35∘C tap water had not
any effect on the inflammatory processes, thermal action of
the water can be excluded. Therefore, chemical components
of the mineral water are presumably important mediators
of the therapeutic effect of balneotherapy. Besides solid

compounds the water of Lake Hévı́z is also rich in dissolved
gas components, such as hydrogen sulphide (H2S). H2S is a
small gas molecule, which can get into the body by diffusion
through the skin or the airways during the bath treatment.
H2S is known as an endogenous signalling molecule with
multiple functions. Its involvement in the pathomechanisms
of cardiovascular, nervous system, and inflammatory diseases
is widely investigated [34–36]. H2S attenuates or enhances
the inflammatory processes in animal models depending
of the type of inflammation and H2S-concentration. H2S
has several different actions [37]: it modifies proteins by
S-sulfhydration [38], acts on ezymes (e.g., cytochrome c
oxidase, kinases), and has influence on ion channels (e.g.,
L-type Ca2+ channels, chloride channels, transient receptor
potential ankyrin 1 (TRPA1) ion channel, and KATP channel)
[35, 36, 39–42]. Since we know that the capsaicin-sensitive
sensory nerves densely innervate the joints and the TRPA1
receptors, expressed on these nerve terminals, a key molecule
of nociception and local inflammatory responses [43], these
ion channels can be a possible link between the mineral
water and pain perception. Activation of TRPA1 through H2S
can lead to somatostatin (sst) release from the nerve fibres
[44] and it can exert antinociceptive effects acting on its
Gi-coupled sst4 receptor. Similar mechanism was suggested
in the background of an inflammatory skin disease. Boros
et al. [30] confirmed that the release of anti-inflammatory
and analgesic neuropeptide somatostatin plays a crucial role
in the mode of action of Harkány mineral water BT. The
potential clinical relevance of our present experimental data
is that H2S content of the sulfurous mineral waters can
induce significant elevation of plasma somatostatin level and
presumably that it is responsible for anti-inflammatory effects
that can be observed in patients with psoriasis.

Another critical point is the transport of the minerals
through the skin layers and their accumulation in the joints.
Unfortunately, only few investigations have been conducted
on these topics and there is a little knowledge about the
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Figure 8: Representative pictures and histopathological changes of the knee joints in MIA-induced osteoarthritis. Representative slides
stained with Safranin O of (a) an intact knee joint (ti: tibia, fe: femur), (c) tap water-treated, (d), tap water+sand-treated, (e) Hévı́z water,
and (f) Hévı́z water+mud-treatedmouse knee obtained on day 20 (200×magnification). (b) Semiquantitative scores obtained on the basis of
structure, cartilage condition, area of erosion, synovial hyperplasia, synovial inflammatory cells infiltration, and osteophyte formation (due
to van der Kraan et al. 1989). Box plots represent medians of composite scores for n = 6–9 mice/group; ∗p< 0.05, ∗ ∗ ∗ p< 0.001 (versus
respective contralateral joint); Kruskal-Wallis test followed by Dunn’s posttest.

specific actions of different mineral waters [45]. Nagy et
al. previously reported an electrometric probe, developed
to measure the H2S penetration through the skin of living
experimental mouse [46]. This subcutaneous sensor could
detect H2S penetration through the skin of patients treated
with thermal bath or medicinal mud therapy. A recent
paper has reported that exogenous H2S had an effect on the
fibroblast-like synoviocytes which is one of the key players of
OA pathogenesis. These cells can produce proinflammatory
cytokines and matrix degrading enzymes. They found that

H2S partially antagonized IL-1𝛽 stimulation via selective
manipulation of the MAP kinase and the PI3K/Akt pathways
which could open a new way to develop novel drugs for
treatment of OA [47].

Nowadays, several human in vivo studies demonstrated
the efficacy of BT [1–3, 9, 48, 49]. Randomized controlled
clinical trials investigated OA of the knee [50, 51], hip [52],
or shoulder [53].

Data concerning the effect of balneotherapy and mud
therapy in CFA-induced rheumatoid arthritis model in
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Figure 9: Representative pictures and histopathological changes of the knee joints in CFA-induced rheumatoid arthritis.Representative
slides stained with SafraninO of (a) an intact tibiotarsal joint (ti: tibia, ta: tarsus, and sy: synovium), (c) tapwater-treated, (d), tap water+sand-
treated, (e) Hévı́z water, and (f) Hévı́z water+mud-treatedmouse knee obtained on day 20 (100×magnification). (b) Semiquantitative scores
obtained on the basis of structure, cartilage condition, area of erosion, synovial hyperplasia, synovial inflammatory cells infiltration, and
osteophyte formation (due to van der Kraan et al. 1989). Box plots represent medians of composite scores for n = 6–8 mice/group; ∗ ∗ ∗
p< 0.001 (versus respective contralateral joint); Kruskal-Wallis test followed by Dunn’s posttest.

rats demonstrate that sulfur bath and mud have an anti-
inflammatory effect in the late phase of the arthritis [54–
56] while it may exert a proinflammatory action in the acute
phase of the inflammation [57]. In our murine model, Hévı́z
water and mud were ineffective in relieving the CFA-induced
mechanical hyperalgesia, paw oedema, and the decrease of
dynamic weight bearing, which are the main symptoms of
rheumatoid arthritis in mice [58]. Our experimental data
also support clinical observations in RA and OA patients,
that balneo- and mud therapy exert significant beneficial
effect in degenerative alterations but could be harmful in the

acute phase of autoimmune-based inflammatory processes.
[58, 59].

5. Conclusions

The present study provides valuable in vivo experimental
data based onmurine osteoarthritis and rheumatoid arthritis
models to establish the effects of Hévı́z mineral water and
mud by modern methodological approach using functional
tests and morphological analysis. Furthermore, our animal
studies have provided experimental evidence for favourable
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effects of Hévı́z water andmud that can be observed clinically
in OA patients.
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