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Abstract Studies have demonstrated the beneficial effects
of fangotherapy on relieve of pain improving function of
rheumatic patients. Herein, we investigated the effect of
Brazilian black mud in protect articular damage in chronic
arthritis induced in rats. Mud was daily applied (40°C/
30 min) during the course of arthritis and was compared
with warm water and no treated groups. At 21th day after
arthritis induction synovial fluid and membrane were ana-
lyzed regarding cellular influx, hyperplasia and vascular
proliferation. Cartilage structure, cell count, proteoglycan
and collagen amount were also analyzed by three patholo-
gists blinded to the treatment. Mud treatment diminished
leukocyte migration into the synovial membrane and articu-
lar cavity when compared with both control groups.
Regarding cartilage, an increase in collagen, number of
chondrocytes and more conserved tissue structure was
observed in mud-treated animals. These results demonstrate
a protective effect of Brazilian mud on this model of arthri-
tis, suggesting that this therapy may be useful as a comple-
mentary approach to treat articular diseases.
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Introduction

Rheumatoid arthritis (RA) is an auto-immune disease in
which inflammation of the synovial lining cells produces
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pain, swelling and progressive erosion of joints. It is
believed that synovial inflammation is the primary event,
which leads to cartilage destruction. Like other chronic dis-
eases, the comprehensive management of RA involves
more than classical therapy. Non-pharmacological thera-
pies include exercises, rehabilitation procedures and com-
plementary alternative medicine [1].

Fangotherapy consists of local application or whole
body immersion in the mud; it has been used in Europe and
Asia, and has been recommended as a complementary ther-
apy for a great variety of rheumatic diseases [2—4], muscu-
lar pain disorders [5], and skin treatment [6].
Balneotherapy, combined with conventional treatment, has
been associated with the improvement of the inflammatory
signals of arthritis [7-9].

Some hypothesis has been suggested to explain their
anti-inflammatory effects; however, none of them are con-
clusive. One of the discussion points is related to the mud
maturation process, which can cause some alterations to the
mud’s physical characteristics [10-14]. Another point of
discussion is the high heat retention capacity attributed to
thermal mud associated with its analgesic effect, through
opioid peptides as encephalin [11] and endorphins [15]. It
has also been suggested that some of the positive effects of
thermal mud could be attributed to the mineral composition
which could be absorbed through the skin during applica-
tion [4].

Studies on RA and OA patients treated with mud from
Abano and Montegrotto Termes (Italy) have shown a
decrease in the serum levels of tumour necrosis factor o
(TNF-o), prostaglandin E, (PGE,) and leukotriene B,
(LTB,) [3, 16], of radical-mediated peroxidations, nitric
oxide and myeloperoxidase [17, 18]. There are also evi-
dences showing reduction of inflammatory parameters in clin-
ical trials using fangotherapy from the Dead Sea [7, 8, 19].
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However, these clinical studies did not consider the possi-
bility that spa therapy led to significant improvements in
physical and mental activities resulting in amelioration of
quality of life [20]. Recently, in the first experimental study
with mud therapy Cozzi et al. [21] described the efficacy of
mud from Abano and Montegrotto on adjuvant-induced
arthritis in rats. They related the reduction of paw volume
and TNF-o and IL-1§ seric levels after mud or indometha-
cin treatment in comparison with the control group. It is
important to emphasize that all these studies with mud ther-
apy did not exclude temperature influence on amelioration
of the inflammatory process.

Peruibe, a city located in southern Sdao Paulo State in
Brazil, has a muddy coast know as Black Mud. This clay is
formed by a mixture of sulphurous water and 30 minerals
of volcanic origin, such as sulfur, natrium, zinc and calcium
(personal communication). Its application has been region-
ally accepted by patients and physicians as an alternative
treatment for RA and OA.

The present study was undertaken to first test, the ability
of Brazilian black mud to protect the articular damage in
zymosan induced arthritis in rats as well as to verify the
temperature influence on this effect.

Materials and methods
Animals

Thirty male Wistar rats weighing 200-250 g at the begin-
ning of the experiments were employed for zymosan-
induced arthritis (Zy-IA). The animals were allowed a stan-
dard pellet diet and water ad libitum. During experimental
procedures, the animals were anaesthetized to avoid any
stress condition. The Animal Ethics Committee of COBEA
(Brazilian College of Experimental Animals) has approved
all experimental procedures performed on animals in accor-
dance with procedures set by UFAW (The Universities
Federation for Animals Welfar).

Zymosan-induced arthritis (Zy-1A)

Male rats were anaesthetized with 0.4 ml of 1.0 mg/kg of
xylazine and 0.75 mg/kg of ketamine, and submitted to an
intra-articular injection of 1.0 mg de zymosan (Sigma,
Chemical Company, St. Louis, MO, USA ) diluted in 50 pl
of saline on the left knee, the right knee received same vol-
ume of saline [22, 23]. Animals were euthanased in a CO,
chamber 21 days after the intra-articular challenge. The
joints were washed twice with 0.5 ml saline, containing
10 mM EDTA, and the synovial wash was collected for
the determination of total and differential cell counts using
a Neubauer chamber and stained smears, respectively.
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Synovial membranes were surgically excised, paraffin-
embedded and routinely processed.

Mud treatment

Black mud was obtained in Peruibe, SP, Brazil. The mud
was stored for 6 months in closed buckets with 10-15 cm
fresh sea water collected from the same location as the
mud. This maturation time is sufficient to provide mud free
of contaminations.

Thirty rats were randomly distributed in three groups of 10
animals: untreated (control), water treated (temperature con-
trol) and mud treated (test). The protocol of treatment con-
sisted of monitoring Zy-IA rats during 30 min walking in
cages containing 300 ml of mud or warm water (40°C). This
amount of mud or water was sufficient to cover all the knee
joints of the animals, allowing them to walk freely in the cages.
Concerning behavior response, no difference was observed in
consequence of both treatments. The same procedure was
performed daily during 3 weeks after arthritis induction.

Morphological analysis

All pieces used for histological analysis was fixed in 10%
buffered formalin, embedded in paraffin and sectioned at
4 um. Rats whole joints were decalcified in 6.0% EDTA.
After inclusion sections (4 pm) were cut in the sagittal plane
containing the long axis of the femur and analyzed histolog-
ically using hematoxylin-eosin (H&E), alcian blue 1.0% pH
2.5 for proteoglycan and Masson trichrome for collagen.
The matrix stained with picro-Sirius red (collagen constitu-
ent) was also evaluated in polarized light microscopy.

The synovial membranes H&E stained were semi-quan-
titatively evaluated for vascular proliferation and lining
hyperplasia giving a 0-3 score (0 = absence of alterations,
3 = high severity). These observations were made by three
pathologists blinded to the treatment.

At x 400 of magnification, infiltrating leukocyte cells
were counted by an eye-piece systematic point sampling
grid with 100 points and 50 lines to count the fraction of
points over-laying infiltrating cells. Ten microscopic fields
were counted to obtain a final result expressed as a percent-
age of cells [24].

In cartilage tissue, the number of chondrocytes was also
evaluated by an eye-piece systematic point sampling grid.
A morphometric study of the cartilage was done by image
analysis system (Leica Q500iW, Leica Imaging System.
Cambridge, UK) in slices stained with picro-Sirius red. In
brief, 25 fields of each slide were analyzed; and collagen
amount expressed as a percentage of relative birefringent
tissue/cartilage area.

Mankin’s grade [25], a tissue-damage score (0-6), was
used to verify the structure or erosion of cartilage:
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0 =normal tissue, 1 =tissue with surface irregularities,
2 =pannus and surface irregularities, 3 = clefts to transi-
tional zone, 4 = clefts to radial zone, 5 = clefts to calcified
zone and 6 = complete disorganization. Proteoglycan con-
tent (0—4) was also evaluated by Mankin’s grade; this score
was attributed by three pathologists blinded to the treatment.

Statistical analysis

Results are expressed as mean + s.e.m. To compare the
differences between means, we used one-way ANOVA fol-
lowed by student Newman Keuls test. The chosen level of
significance was 0.05.

Results
Efficacy of mud treatment on inflammatory parameters

Figure 1 shows total and differential leukocyte counts in the
synovial fluid knee joint of rats challenged intraarticularly
with 1.0 mg of zymosan. This experimental model is char-
acterized by a large infiltration of MN cells into the joint,
indicating a chronic inflammatory response. The treatment
consisted of daily paws immersion on warmed water or
mud during 21 days. Our data clearly show that mud treat-
ment significantly impaired the inflammatory process,
reducing leukocyte migration into articular cavity when
compared with an untreated group (PMN, P =0.008; MN,
P =0.03). However, warm water treatment did not promote
any alteration in cellular influx when compared with
untreated control rats; this observation almost excluded the
effect of heating in the anti-inflammatory efficacy of the
mud.
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Fig. 1 Total and differential leukocyte counts in the joint wash of rats
with Zy-IA. Untreated group (n =10), water-treated group (n = 10)
and mud treated group (n = 10). PMN polymorphonuclear (dark bar),
MN mononuclear (light bar). Data are expressed as mean = s.e.m.
#*P < (.05 vs. control; *P < 0.05 vs. warm water control. Hatched line
represents the cellularity in the synovial wash of the right knees inject-
ed with saline

Microscopic analysis of the synovial membrane of Zy-
IA rats is summarized in Fig. 2a and depicted in Fig. 2b.
Intense vascular proliferation, hyperplasia of the membrane
and high cellular infiltration were observed in untreated
animals. We did not verify significant difference between
synovium extracted from untreated rats and those submitted
to warm water treatment (Fig. 2a). It is important to note
that mud treatment promotes a significant reduction in all
analyzed parameters: cellularity (P =0.0001 vs. control;
P =0.02 vs. water), hyperplasia (P = 0.006 vs. control and
P =0.003 vs. water) and vascular proliferation (P =0.003
vs. untreated and P =0.06 vs. water). An example of the
arthritic lesion evoked by Zy intraarticular injection is
showed in Fig. 2b1. The effect of mud treatment on reduc-
ing the inflammatory process in the synovial membrane is
illustrated in Fig. 2b2. The surface of the membrane exhib-
ited a single cell layer of synoviocytes, less number of ves-
sels and reduction in cellular infiltration.

Efficacy of mud treatment on protection of cartilage
damage

Morphological changes including focal and diffuse erosion
of cartilage were observed in blades stained with H&E (not
shown) and Masson trichrome in joints from untreated Zy-
IA animals (Fig. 3a) and animals treated with warm water
(Fig. 3b). Frequently, pannus were seen on the surface of
the affected cartilages. In some cases, the inflammatory pro-
cess had extended through the epiphyseal bone into the
adjacent bone marrow. Erosion or complete disarrangement
of the articular cartilage was seen in most joints (arrows). It
is important to emphasize that mud treatment, here
employed also preserved the articular space and cartilage
integrity when compared with both control arthritic groups,
as shown by arrow in Fig. 3c.

Cartilage structure was evaluated by Mankin’s score (0—
6), which summarize the alteration of the tissue. The attrib-
uted score (4.9 for untreated and 5.27 for water treated rats)
reflects serious damage in cartilage that exhibited surface
irregularities followed by clefts until the calcified zone
(Fig. 4). The score of 3.5 attributed for cartilages from
mud-treated animals denote more conserved structure with
less erosion (P = 0.03 vs. control and P = 0.04 vs. water).

The effectiveness of mud treatment to prevent cartilage
damage can also be observed in Figs. 5 and 6, cartilage from
Zy-1A control groups presented reduction in the number of
chondrocytes and loss of collagen net, respectively. The treat-
ment with mud promotes an remarkable increase (50%) in the
number of chondrocytes as shown in Fig. 5 as well as the
preservation of collagen amount evidenced in blade stained
with picro-Sirius red (P =0. 04 vs. water and P =0.03 vs.
control) (Fig. 6). Proteoglycan staining, although reduced in
Zy-1A was not altered by mud treatment (not shown).
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Fig. 2 a Summarize the param- A

eters evaluated in the synovial Histological Animals

ﬁlsi;llz grlo Srtn dr;}t].k,;lﬁz :?;I;iﬁiA Parameters Control (untreated) Water Treated Mud Treated
from control animals stained (n=10) (n=10) (n=10)

with H&E is depicted in b1. Hyperplasia 2.8 0.08 2.6 0.18 1.73 0.23*"
Sub-synovial infiltration and

maintenance of the synovial lin- NC of vessels 24 023 23 024 173 0.00%

ing could be observed in samples
obtained from mud-treated rats
(b2). Original magnification

x 100

Cell counts

25.21x 102 1.52 21.06 x 102 2.67 13.8x 102 2.13*

Semiquantitative evaluation for synovial vascular proliferation and lining hyperplasia (0-3). Cell
number were quantified by sampling grid and expressed as percentages (number of points
overlying the cells divided by total number of points overlying tissue). Results are expressed as
means s.e.m. *p <0.05 vs. control; ¥ p<0.05 vs. warm water

Fig. 3 Photomicrographs of
knee joint from rats with Zy-IA
in the 21st day stained with Mas-
son trichrome. The pattern ob-
served in untreated animals is
shown in a, in the water treated
group in b. Arrows indicate car-
tilage erosion with the develop-
ment of fibrous cartilage,
overgrown pannus and subchon-
dral bone damage. ¢ The pattern
of the joint from mud-treated
group, arrow shows the mainte-
nance of the articular space and
cartilage tissue. Original
magnification x 100

Discussion

Topical application of Brazilian black mud can produce the
reduction of articular damage as suggested by following
observations. First, the schedule of treatment here
employed suppresses cellular infiltration into the articular
cavity and synovial membrane, reducing inflammation of
Zy-IA. Second, cartilage tissue was also preserved since the
number of chondrocytes, the structure of the tissue and lost
of collagen amount were impaired by mud treatment, and
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third, the protective effect of mud was more efficacious than
water applied at the same temperature.

It is important to emphasize the importance of the use of
experimental model to access mud efficacy excluding the
influence of medication or psychological factors. For this
purpose, we choose a chronic experimental model (Zy-1A),
which partially resembles RA in human, with progressive
synovitis and articular deformity. Acute phase of Zy-IA is
characterized by increase in vascular permeability and
polymorphonuclear infiltration, 7 days after the intraarticu-
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Fig. 4 Histological evaluation of cartilage structure of Zy-IA in rats in
21st day. The score was attributed by Mankin’s graduation (0-6). Un-
treated group (open bar) (n =4), warm water-treated group (crossed
light bar) (n = 5) and mud-treated group (dark bar) (n = 4). Data are
expressed as mean + s.e.m. *P < 0.05 vs. control; *P < 0.05 vs. warm
water
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Fig. 5 Morphometric analysis of cellularity cartilage of Zy-IA ani-
mals. Untreated (open bar) group (n =4), warm water-treated group
(crossed light bar) (n = 5) and mud-treated group (dark bar) (n =4).
Chondrocyte number quantified by an eyepiece systematic point sam-
pling grid is expressed as a percentage (number of points overlying the
cells divided by total number of points overlying tissue). Data are ex-
pressed as mean =+ s.e.m. *P < 0.05 vs. control; #P < 0.05 vs. warm
water

lar challenge, a chronic arthritis can be observed, character-
ized by mononuclear cell infiltration, synovial hypertrophy
and pannus formation [26, 27]. Corroborating this finding,
our data in the 21st day after arthritis induction show the
predominance of mononuclear cells in the synovial infil-
trate. At this time mud, but not water treatment reduced sig-
nificantly both polymorphonuclear and mononuclear cells
influx into the articular cavity. In a previous study on anti-
gen-induced arthritis in rabbits, we did not detect any differ-
ence on these parameters using a short-time therapy
(personal communication). Experimental studies using
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Fig. 6 Collagen amount in the cartilage from Zy-IA animals. Untreat-
ed group (open bar) (n =4), water-treated group (crossed light bar)
(n =5) and mud-treated group (dark bar) (n = 4). Collagen amount is
expressed as a percentage of relative birefringent tissue/cartilage area.
Data are expressed as mean + s.e.m. *P < 0.05 vs. control; P < 0.05
vs. warm water

hyperthermia or local application of heat showed reduction
of the development of chronic and proliferative inflamma-
tion, whereas exacerbate the acute process [28-30].

Destructive alterations present on RA patients were also
observed on Zy-IA rats. The synovium of untreated control
and treated water groups showed evident hyperplasia with
predominance of monocytes as well as neovascularization.
The synovial membrane from Zy-IA joints treated with
mud maintains a single cell-layer of synoviocytes, a slight
vascular proliferation and less cellular infiltration. The per-
sistent synovitis during the acute phase of arthritis, as well
as the neutrophil infiltration with consequent release of
lytic enzymes is one of the steps that will reflect on carti-
lage degradation, on inhibition of proteoglycan and colla-
gen synthesis [31]. In control rats, the cartilage damage was
well characterized by matrix clefts, loss of chondrocytes,
collagen and proteoglycan amount. Excluding proteoglycan
content, warm mud application stimulated both hypercellu-
larity and collagen synthesis. It is known that collagenases
act mainly on collagens I, II and III while gelatinases
degrade collagens and proteoglycans in response to IL-1
and TNF-o secreted by synoviocytes and chondrocytes
[32], suggesting that mud therapy can have a possible
inhibitory effect on different metalloproteinases. Recently,
Bellometti et al [33] investigated the effectiveness of fango-
therapy in the reduction of the damage of cartilage by influ-
ence of the decrease of seric concentrations of MMP-3
while seric levels of MMP-8 and MMP-9 increased. Thus,
it is possible that the results found in our study, concerning
the content of proteoglycans could be due to the action of
different metalloproteinases released as a result of mud
application.
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The increased staining of collagen observed in cartilages
of mud-treated animals may possibly represent a tentative
of tissue repair. These histological observations are in
agreement with Bellometti et al. [16], which have reported
decrease of TNF-« and a significant increase of IGF-1 after
mud treatment that can act as an extra-cellular inhibitor of
metalloproteinases and stimulator of proteoglycan synthe-
sis. In RA patients with fever lower than 41°C, these carti-
lage-degrading enzymes were found more active, whereas
above this temperature their activities decrease [34, 35].
Bellometti et al. [36] have also demonstrated that mud ther-
apy combined with physical exercise was effective in
increase anabolic parameters of bone metabolism through
inducing proinflammatory cytokines. These results were
corroborated by Schimidt [37] who described heat treat-
ment and exercises associated with reducing of pain, and
impairment of muscle tone, mobility and blood flow.

The concerning mechanism of anti-inflammatory action
of mud, the experimental study with adjuvant arthritis has
shown a significant reduction of paw volume simulta-
neously to the impairment of TNF-o and IL-1p serum levels
[21]. Similar results were verified in humans submitted at
whole body Abano-Montegrotto Terme mud immersion at
40°C/15 min followed by a sulphur bath at 37-38°C [38]. It
is know that TNF-« is the cytokine firstly activate with the
consequent induction of other proinflammatory mediators
[31]. The decrease of the level of TNF-a can be associated
with a reduction of LTB, and PGE, serum levels that occur
simultaneously with pain amelioration [3]. IL-1, IL-8 and
LTB, are potent chemoatractants for leukocytes; conse-
quently, a reduction of their levels on the inflammatory site
could be responsible for the observed impairment of cell
influx here detected. Basili [39] speculated that mud-pack
treatment might counteract the heat-stress-related effects on
platelet and endothelial cell function. In their studies,
plasma samples from healthy volunteers subjected to a
cycle of 12 daily mud-pack applications showed no changes
in proinflammatory cytokines (TNF-c, II-15) or adhesion
molecules (sP-selectin, sE-selectin and sVCAM). It has
been suggested that IL-6 could be the responsible for mud
efficacy since a decrease of IL-6 levels was correlated with
the impairment of neutrophil infiltration. Fairchild et al.
[40] showed the reduction in TNF-o, IL-6 and IL-1f con-
centration in monocyte culture submitted to 40°C during
24 h. However, Samborski et al. [41] showed an increase of
IL-6 levels and activation of the inflammatory process 1 h
after therapy with hot mud. Therefore, the exact mechanism
of action of fangotherapy is until now unknown.

It has also been proposed that the mechanism of action
of the mud appears to be related to a neuroendocrine action.
Bellometti and Galzigna [15] claim that the action of fango-
therapy on remission of the pain is based on the fact of the
heat slowly transferred to the body can modulate the
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inflammatory response through a neuroendocrine activa-
tion, promoting an increase of seric levels of opioids pep-
tides, such as endorphins and encephalins. Sauna-induced
hyperthermia also resulted in an increase of plasma f-
endorphin and ACTH [42], indicating that heat treatment
can trigger off a well-defined neuroendocrine reaction.

The contribution of temperature to the efficacy of mud
therapy could not be excluded. Temperature per se could
influence the inflammatory reaction; heat and cold may have
anti- or proinflammatory effect depending on the etiologic
agent, length of the therapy as well as the phase of the dis-
ease. Experimental studies evaluating inflammatory parame-
ters such as oedema, pain and articular tissues damage
corroborate this affirmation [28, 29]. Additionally, data of bal-
neotherapy and physical therapy in osteoarthritic patients
showed the beneficial effect of hot temperature in the amelio-
ration of pain, metabolism of cartilage and secondary inflam-
mation [37]. The contribution of temperature to the absorption
of ions or substances that could be responsible by the anti-
inflammatory efficacy of the mud is suggested by the asser-
tion that heating is evoked during mud pack therapy promot-
ing microcirculatory changes [43]. Studies with a micro-
thermometer are in process in our laboratory to determine
intraarticular temperature changes during mud therapy in rats.

Conclusion

Together our results demonstrate the beneficial effect of the
Brazilian black mud in the amelioration of arthritis, reduc-
ing inflammation and inducing tissue repair of cartilage.
There is a lot still to be determined about the mud’s anti-
inflammatory mechanism of action; however it may consti-
tute in future in new substance potently useful to treat pain
and inflammation as a co-adjuvant of traditional therapy.

These data corroborate traditional human treatment
employing mud, which consists of a cycle of twelve applica-
tions for resulting in relief of pain, indicating that the timing,
length, and frequency of procedure may be important factors
in reduction of joint inflammation by heat treatment.
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