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Abstract: Freshwater sponges are abundant in the Amazon region and they have been known to cause 
dermatitis (acute inflammation) since the beginning of the 20th century. To determine whether additional 
constituents, besides their body spicules, cause dermatological reactions in humans, an experimental 
study was developed and carried out using mice and Drulia uruguayensis prepared in three different 
forms: intact sponges (IS), macerated sponges (MS) or isolated spicules – megascleres (ISM). The cells 
most commonly involved in inflammatory reactions (mast cells, eosinophils and neutrophils), as well as 
intraepithelial lymphocytes and degranulated mast cells, were counted so that they could be used as 
parameters to determine which of the sponge preparations induced the greatest reaction. The effects of 
the sponge on the skin were then determined by histological analysis. The results obtained showed that 
IS caused the greatest inflammatory reaction (p = 0.000005), activating mainly mast cells (p = 0.0018). The 
histopathological analysis revealed a slight loss of continuity of the epidermis when ISM or IS were applied. 
These findings allow us to conclude that a structurally intact sponge can cause a greater inflammatory 
reaction in the first contact because of its ability to perforate the skin and allow inflammatory agents to 
enter. Other proteins present in dried sponge bodies could induce allergic but not toxic responses (in 
contact with the entire sponge, a large number of pharmacologically inert proteins may be introduced, 
with a potential allergen).
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INTRODUCTION

Freshwater sponges are found from the north 
to the south of Brazil and are popularly known by 
such names as pó-de-mico d’água or coceira d’água 
and cauxi, cauixi or cauí, that vary depending 
on the region (1). In Amazonia, sponges are 
popularly known by the indigenous names cauixi, 
cauxi or cauí, which in the Tupi-Guarani language 
mean itch or burn (2).

Their spicules were extensively used by native 
tribes in Amazonia as temper in the manufacture 
of ceramic utensils to prevent the cracking of the 
material when it is fired (2-6). The use of spicules 

when making ceramics caused skin lesions, which 
were observed in Carajás indigenous women who 
worked as potters (4). 

The first report of a skin lesion caused by 
sponges in Brazil may have been the description 
by Matta (7) of an accident involving a man who 
transported wood on the Solimões River. Six 
hours after coming into contact with a sponge, 
the man’s fingers and palms had acquired an 
“intense red coloring, which became less intense 
towards the upper third of the anterior face of the 
forearms” (7). 

In another incident in the municipality of 
Três Lagoas, Mato Grosso do Sul state, Brazil, 
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municipal cleaning workers presented with 
swollen legs and allergic reactions. These were 
attributed to spongillite-containing sediment 
that had been deposited on the dried up bed of 
one of the three lakes from which the town takes 
its name. The spicules were later identified as 
belonging to two families of Porifera, Metaniidae 
and Spongillidae (8). 

Accidents involving freshwater sponges 
from the genus Drulia Gray, 1867, that caused 
dermatitis have also been reported (9). Severe 
eye lesions were observed and described by 
Volkmer-Ribeiro et al. (10) and Volkmer-Ribeiro 
and Batista (11). Such lesions affected bathers 
diving with open eyes into the Araguaia River 
(Araguatins, Tocantins state, Brazil), who came 
into contact with tiny spicules that cover the 
gemmules of the species Drulia uruguayensis and 
Drulia ctenosclera. Those spicules were found 
during biopsy and surgically removed from the 
injured eyes (10). 

However, it has not yet been established 
which part of the sponge causes skin lesions. In 
light of this fact, we designed and carried out 
experiments on mice using the sponge Drulia 
uruguayensis, which is abundant in Amazonian 
floodplain lakes, to determine the extent to which 
contact with the following three different forms 
of the sponge could induce a skin reaction: intact 
sponge, macerated sponge and isolated spicules 
(megascleres).

MATERIALS AND METHODS

Sponges
Specimens of the sponge Drulia uruguayensis, 

that were stuck to trunks and branches of a flooded 
forest, were collected from Praia de Aramanaí on 
the Tapajós River in the municipality of Belterra, 
Pará state, in January 2007 at the beginning of the 
rainy season. The chosen area is bounded by the 
coordinates 2º43’11” S/ 55º0’12” W and 2º43’12” 
S / 55º0’13” W. 

Preparing the Sponges for the Experiments 
All the collected specimens were washed with 

water to remove any residues left from their 
environment (sand, flora and fauna). After being 
cleaned, the sponges were prepared and separated 
as follows: intact sponges, macerated sponges 
(using a pestle and porcelain mortar) and isolated 
megascleres kept at –20°C until use. 

Obtaining the Isolated Spicules
Spicules separated from the organic matrix 

were obtained according to the technique 
described by Volkmer-Ribeiro (12) with some 
modifications. Briefly, after being washed and 
dried, 136.1 g of the sponge was broken into 
fragments and placed in a 1-L vessel containing 
250 mL of concentrated hydrochloric acid, 
analytical grade. This material was left immersed 
for one month so that all the organic matter in the 
sponge would dissolve. After being washed with 
distilled water to remove all the hydrochloric acid, 
the material was centrifuged and resuspended in 
a 3:1 ratio solution of diethyl ether and water. 

After this process had been repeated several 
times and there was no material left in the ether/
water interface, distilled water was used to remove 
the residues and wash the spicules for the last 
time. This was done by repeating the following 
steps 25 times:  addition of 12 mL of distilled 
water; vortexing at maximum speed until the 
pellet was completely resuspended; centrifugation 
at 3,500 rpm for 20 minutes; and removal of the 
supernatant with a pipette. The washed spicules 
were placed in an incubator twice at 80°C for 
three hours each time to dry. The dried spicules 
were then weighed to calculate the yield from the 
initial sponge sample. Ten-milligram aliquots of 
the spicules were then prepared and autoclaved. 

Chemical Analysis of the Purified Spicules
The isolated spicules were analyzed by energy 

dispersive X-ray fluorescence (EDXRF). The 
tests were carried out in triplicate to determine 
the chemical composition of the spicules. The 
samples were analyzed in a Shimadzu EDX700 
spectrometer (Japan), using Rh Ka radiation, a 10 
mm collimator, vacuum atmosphere, 0 to 40 keV 
scan and an exposure time of 200 s.

Animals
Female adult non-isogenic mice from 

the Central Animal Colony at the National 
Amazonian Research Institute (INPA) weighing 
between 18 and 22 g (20 ± 2 g) were used in 
the experiments. The animals were separated 
randomly into a normal control group, a 
microporous adhesive tape control group and 
three test groups. Each group was housed in a 
separate plastic cage in a temperature-controlled 
environment and given feed and water ad libitum 
in the Pathology Laboratory at the School of 
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Health Sciences, State University of Amazonas, 
Manaus. All procedures used in this study were 
approved by the Institutional Committee for 
the Care and Use of Laboratory Animals of the 
Federal University of Amazonas and met the 
International Guiding Principles for Biomedical 
Research Involving Animals (13). 

Preparing the Animals for the Experiments
All the animals were partially shaved in 

the anterodorsal region with clean scissors 
immediately before the samples were applied.

Testing the Skin Reaction to Intact Sponges, 
Macerated Sponges and Isolated Spicules 
(Megascleres)

Based on the results of a previously performed 
kinetics test (data not shown) to determine the 
time intervals when cell activity peaked (2, 4 
and 12 hours after application), the animals were 
separated into five test groups, namely: 
•	 Group I – normal control: six mice that were 

only shaved.
•	 Group II – tape control: six mice, to which 

Cremer® hypoallergenic microporous adhesive 
tape was applied on the area that had been 
shaved.

•	 Group III – spicule group: 12 mice, which 
each received a 10 mg application of isolated 
spicules.

•	 Group IV – intact sponge: 12 mice, which each 
received a 10 mg application of intact sponge 
secured by tape.

•	 Group V – macerated sponge: 10 mice, which 
each received a 10 mg application of macerated 
sponge secured by tape.

The spicules, macerated sponge and intact 
sponge were placed on the tape and kept in contact 
with the animals’ shaved skin under manual 
pressure for one minute, after which the tape was 
removed and the animals returned to the cages. 
At the three time points (2, 4 and 12 hours after 
the applications), two animals from each control 
group and four from each experimental group 
were anesthetized, the skin corresponding to the 
area where the tape had been applied was removed 
and the animals were then sacrificed with diethyl 
ether. The removed skin fragments were placed in 
individual histology/biopsy cassettes (Erviegas, 
Brazil) and fixed in 10% buffered formaldehyde.

Histopathological Analysis
In all the experiments, the skin fragments were 

placed in individual cassettes to be embedded in 
paraffin. Each paraffin block was then cut in a 
microtome (AO-820 Lupe®, American Optical/O 
Patologista) to produce five slides and an average 
of eight microsections per slide. These were 
then stained with hematoxylin and eosin (two 
slides) and toluidine blue (one slide). In both 
experiments the cell count was carried out at 
random in an Olympus CX40 optical microscope 
(Japan). For each microsection, ten fields were 
read at a magnification of 400x. The following cell 
types were counted: total mast cells (intact and 
degranulated) and degranulated mast cells on 
slides stained with toluidine blue; and neutrophils, 
intraepithelial lymphocytes and eosinophils on 
slides stained with hematoxylin and eosin.

Statistical Analysis
Correlations between the applications and 

the variations in cell counts were determined by 
factorial ANOVA using Statistica® version 7.0 
(StatSoft, EUA).

RESULTS

Yield and Chemical Analysis of Purified 
Spicules

After the separation process, the final yield 
of the isolated spicules was 83.98 g, equivalent 
to 61.7% of the total weight of the intact sponge 
(136.1 g) (Figure 1). The spicules obtained in this 
manner were loose isolated megascleres (from 
around 145 to 818 micrometers long) free of any 
environmental contamination. Spicules from 
the gemmules (gemmoscleres) and microscleres 
attached to the pinacoderm of the sponges 
were not detected when the spicules were being 
checked for impurities. Because these are smaller 
and lighter, most were lost during the various 
centrifugation and resuspension steps.

Chemical analysis of the spicules (megascleres) 
identified the following components: silica, 
18.862% (w/w); calcium, 0.098% (w/w); iron, 
0.002% (w/w); copper, 0.011% (w/w); zinc, 0.002% 
(w/w). The remaining mass, 81.025% (w/w), is 
related to the chemical elements hydrogen and 
oxygen, present in the structure of the molecules 
that form the spicules.
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Cellular Response Induced by the Macerated 
Forms, Intact Forms and Isolated Spicules 

Analysis by factorial ANOVA of the cell counts 
used as parameters to determine which part of the 
sponge causes skin lesions revealed that the intact 
sponge produced the most statistically significant 
results. The results for the cleaned and autoclaved 
isolated spicules (megascleres) were the least 
statistically significant and were slightly lower 
than those for the macerated sponge (Figure 2).

Histopathological Appearance
The following features were observed during 

the histopathological analysis (Figure 3).
After two hours: the only abnormal feature 

in the tape control group was a thickening 
of the epidermis. In mice treated with the 
different sponge forms, the following abnormal 
features were observed: inflammatory infiltrate 
containing neutrophils, eosinophils, lymphocytes 
and histocytes and abundant mast cells (very few 
of which were degranulated) in the dermis, and 
slightly dilated and congested capillaries in the 
hypodermis. 

After four hours: the thickening of the 
epidermis observed at the 2-hour time point 
in the tape control group was no longer visible. 
However, in the mice that were given applications 
of isolated spicules (megascleres) or intact sponge, 
there were gaps in the keratinocyte layer, the gap 
being smaller for the intact sponge. The group 
that received isolated megascleres presented 
keratinocytes with condensed hyperchromatic 
nuclei along the edge. The macerated sponge 
caused a thinning of the epidermis and showed 

a layer of keratinocytes with condensed, 
hyperchromatic nuclei. Apart from the normal 
control group, which had only a small amount 
of diffuse infiltrate, all the other groups had 
inflammatory infiltrate in the dermis. Greater 
amounts of this infiltrate were observed in the 
dermis of mice that had been given applications 
containing intact sponge. Hyalinized collagen 
fibers were observed in all the groups except 
the normal control group and were thickest 
in group V. Isolated spicules (megascleres) 
produced amorphous hyaline material below 
the incomplete keratinocyte layer. The capillaries 
in the hypodermis were slightly dilated and 
congested.

After twelve hours: for all the applications, 
including the controls, there were no abnormal 
features in the epidermis, which consisted of two 
or three layers. The dermis presented a small 
amount of diffuse infiltrate, and the capillaries 
were slightly dilated and congested. 

DISCUSSION

In the specific case of Amazonian freshwater 
sponges, the existing reports (3, 5, 7) state that 
handling sponges causes dermatitis but do not 
suggest a possible pathogenic agent.

Our results show that application of intact 
sponges induced a greater inflammatory reaction 
(p = 0.000005) than macerated sponges or isolated 
spicules (megascleres) (Figure 1). Matta (7) and 
Isbister and Hooper (14) described cases in which 
direct contact with intact sponges caused acute 
dermatitis. In both cases the incidents occurred 

Figure 1. The freshwater sponge Drulia uruguayensis, showing its tree-like morphology, and some of its 
isolated spicules.
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in the water, suggesting that the sponges were 
alive. In this state, Porifera, particularly marine 
Porifera, produces substances such as alkaloids 
and purines that have proven biological action 
(15-19). We used dried, dead sponges, thus 
maintaining the possibility that a biological agent 
may have influenced our results to a minimum, 
although to the best of our knowledge there 
are no studies showing the effects of chemicals 
released by freshwater Amazonian Porifera in the 
literature. 

The greater capacity of the intact form of the 
sponge to cause an inflammatory reaction may be 
a result of the morphology of the species Drulia 
uruguayensis. Its tree-like structure, with bunches 
of spicules (megascleres), forms pointed external 
branches, allowing the intact sponge to cause a 
deeper point-like lesion in the epidermis than 
the other sponge forms, while at the same time 
preventing the sponge as a whole from touching 
the skin (20). These characteristics suggest 
that the mast cells may have been activated by 
the direct mechanical action of the spicules as 
they perforated the epidermis and reached the 

connective tissue (21, 22). Within the bunches 
of spicules there may also have been unknown 
chemical substances from the sponges themselves 
or from the water environment that, together 
with the physical aggression, induced a mast 
cell reaction with significant degranulation (p = 
0.000310).

By testing the ability of isolated megascleres 
to induce inflammation, we have shown, at a 
minimum, that the category of spicules is not 
involved in the inflammatory reaction and that 
they merely facilitate entry for other aggressive 
agents. Burke (23), Rosson and Tolle (24) and 
Thomas and Scott (25) suggested that the wound 
caused by spicules allows toxins from the sponge 
to enter the skin, leading to the inflammatory 
reaction observed. 

Another possibility is that the spicules 
that cause the lesions were gemmoscleres or 
microscleres given that a small quantity of either 
or both could have been present in the aliquots 
used in the experiments (although these were 
not found in the samples that were analyzed to 
check for impurities). This would confirm the 

Figure 2. Graph showing the relationship between the different sponge forms and the cell-number 
variation, with p < 0.05.
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Figure 3. Histopathological lesions: (A) application site in mice, histological appearance of the animals after 
four hours; (B) negative control, the general architecture of the skin, particularly the epidermis, is preserved; 
(C) tape control, animals that received an application of: (D) intact sponges, (E) macerated sponges, and 
(F) isolated spicules.
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ability of this type of spicule to cause lesions, as 
observed by Volkmer-Ribeiro et al. (10) in eye 
lesions in Araguatins, Tocantins state, Brazil.

Nevertheless, observation of the 
histopathological lesions in mice that received 
an application of spicules showed that the lesion 
was the most severe after four hours, when gaps 
in the epidermis were larger than those caused 
by the intact sponge although the induction 
of cells by the spicules was found to be less 
intense, a finding that can be explained by the 
characteristics of the spicules and the application. 
Because the spicules are very light, more of them 
were required to constitute the 10 mg used in the 
experiment than were present in the applications 
of macerated or intact sponge. In addition, as 
both ends of the megascleres are implicated, one 
minute of friction may be sufficient to cause loss 
of the animal’s epidermal layer (20). Our results 
thus allow us to conclude that the intact form 
of the sponge caused the greatest inflammatory 
reaction and was followed by the macerated 
form, which has a limited capacity to induce this 
type of reaction, probably because it does not 
possess the bundles of spicules that penetrate 
the epidermis and connective tissue; and that 
purified and autoclaved isolated megascleres do 
not cause a skin reaction by themselves but can 
cause mechanical injuries that allow the entry of 
other agents that can induce an inflammatory 
reaction.

As this study did not investigate other 
components of the intact sponge – such as 
gemmoscleres, microscleres and chemical and 
microbiological compounds, which represent 
38.3% of its total weight – further studies are 
required to establish the involvement of these 
components in lesions caused by the intact 
sponge.
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