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Summary. In the present work we have studied the
effects on survival as well as histopathological and
histochemical alterations on the digestive gland of the
Portuguese oyster (Crassostrea angulata, Lmk.) induced
by acute action of the anionic tensioactive Sodium
Dodecyl Sulphate (SDS) at different concentrations (50,
100, 200 and 400 mg/L).

Firstly, the LC 50 at 96 h was found to be 136 mg/L
SDS. Secondly we calculated the exposure time required
for 50% mortality of the specimens exposed to different
concentrations, and thirdly we examined histo-
pathological alterations (degenerative processes ranging
from inflammatory responses to extreme vacuolation)
and histochemical changes in the distribution of
carbohydrates and proteins that appeared at each
employed concentration.

The degree of these alterations and the effects on
survival were dependent upon the SDS concentration.
The above established modifications indicate that
exposure to SDS has a detrimental effect on oyster
digestive gland, perturbing metabolic and nutritional
functions, what may have some influence on oyster
survival.
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Introduction

In a developed, industrialized society, the use of
detergents is an important fact, since they are used in an
important number of daily activities in our life (Mayolle,
1962).

Surfactants are active components of detergent
compounds. Anionic ones are 70% of total production,
and among them, Sodium Dodecyl Sulphate (SDS) is the
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most widely commercialized (Garcia Dominguez, 1986).

The main problem that this substance produces is its
elimination with urban and industrial residual waters
towards rivers and seas where they produce a variety of
toxic effects on aquatic animals (Fendinger et al., 1994).
In this respect, although they are biodegradable
substances (Bogan, 1955; Flores et al., 1979) their
biological effects may persist on the aquatic life while
degradation of intermediate products is not complete
(Abel, 1974; Marchetti, 1985).

This experiment was conducted to ascertain the
effects of anionic tensioactive SDS, at different
concentrations (50, 100, 200 and 400 mg/L), on
portuguese oyster Crassostrea angulata Lmk.

Crassostrea angulata, Lmk. is a bivalve mollusc
which is found along the Mediterranean and South
Atlantic coasts of Europe. Aquaculture for oysters
increased during the 1970’s and 1980’s althought due to
changes in the market, the industry dried up. There has
recently been a rebirth in interest in the aquaculture
industries all over the Atlantic provinces (Dennis, 1998).

As a filtrating mollusc it is able to absorb and
accumulate in its organism the substances dissolved in
the water (Gardiner, 1992). Consequently, bivalves have
been extensively used as bioindicators of pollution in
aquatic environments, particularly in coastal areas
worldwide. The use of molluscs as biomonitors of heavy
metal pollution (Lopez-Artiguez et al., 1989; Sarasquete
et al., 1997) has been well established. It has also been
studied the impact that polynuclear aromatic
hydrocarbons (Norena-Barroso et al., 1999) tributyltin
(Alzieu, 1998) and residues of organochlorine
insecticides (Yoon et al., 1996) produced in oysters.
However the information regarding the effects of
surfactants on bivalves is very limited (Benjumea et al.,
1996; Blasco et al., 1999).

The digestive gland or hepatopancreas is a symetric
and odd organ which surrounds the stomach. This organ
develops the functions of digesting, absorbing and
accumulating reserve substances. It produces
carbohydrases, proteases and lipases which are involved
in the intracellular digestion (Castello, 1993).

The specific objectives of this work were to
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determine the LC 50 at 96 h as well as the exposure time
required for 50% mortality of the specimens at different
concentrations (50, 100, 200, 400 mg/L. SDS) in order to
evaluate the effects of surfactants on oyster survival.
Finally, to examine histopathological alterations as well
as the histochemical distribution of carbohydrates
(neutral mucopolysaccharides, glycogen and acid
mucopolysaccharides) and proteins (proteins in general,
siderophile proteins, proteins rich in SH groups
—cysteine- and proteins rich in SS groups —cystine-) in
the digestive gland of portuguese oyster (Crassostrea
angulata, Lmk) that appeared at each concentration.

Materials and methods

Adult healthy oysters, Crassostrea angulata, Lmk.,
used in this investigation were 10 cm long and weighed
80 g with the valves, on average. They all proceeded
from a marine farm.

A total amount of 50 viable specimens were used, 10
of them as a control lot. The rest were divided into 4 lots
(A, B, C and D), which were exposed to SDS
concentrations of 50, 100, 200 and 400 mg/L
respectively. Control oysters were maintained under
identical conditions without the addition of the
surfactant.

Each group, containing ten specimens, was
maintained in a PVC tank containing 15 litres of sea
water whose characteristics were as follows: salinity
30%o, pH 7.4, temperature 16-18 °C, dissolved oxygen
8-8.6 mg/L, total hardness 100 mg CO3Ca/L, surface
tension 72.7 Nm/m, absence of heavy metals and
contamination due to aerobe and anaerobe micro-
organisms.

To prevent the surfactant loss, a closed circuit was
used. To avoid great variations in tensioactive
concentrations, test solutions were changed every 12
hours. The biodegradation occurring in this time was

tirne of death (hour)

concentration (mg/L)

less than 10% of the initial concentration (Flores et al.,
1980).

The most obvious feature of a bivalve is the
protective shell. Oysters shut their valves so they isolate
their body tissues from changes in the external
environment. Two holes of 5 mm diameter and | cm
apart, were made in a valve of each animal to prevent the
oyster isolation as a reaction against toxic substances.

Since the death of the oysters is often not-directly
observable, oysters failing to close their shell as a
response to external stimuli, when removed from water,
were considered dead. The LC 50 causing death in a
period of 96 hours was determined according to Sprague
(1976) and Loomis (1982).

Once we have noted the exposure time required for
50% mortality of the specimens at each concentration,
we selected viable specimens from the same lot to
examine histopathological and histochemical changes
that appeared at each tested concentration.

After that, their digestive gland was quickly
removed and fixed in 10% (v/v) formol buffered with
phosphate buffer 0.1 M, pH 7.2 (Martoja and Martoja-
Pierson, 1970), dehydrated in increasing concentrations
of alcohol, cleared with benzol and embedded in
semisynthetic paraffin wax with a mean fusion point of
54-56 °C. Sections were cut at 5 um.

Harris's Hematoxylin and Acetic Eosin and Harris's
Hematoxylin-V.O.F. (Gutiérrez, 1967) were employed as
general stains. Histochemical reactions on carbohydrates
and proteins in the digestive gland were employed to
assay pollution effects. In this respect, it may be noted
that histochemical results (Tables 1, 2 and 3) were
expressed as semiquantitative assessment of colour
intensities by independent scores of three investigators.

Results

The LC 50, extrapolating the results on

Fig. 1. Time of death of 50% of
Cassotrea angulata, Lmk, at
each concentration.
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semilogarithmic paper, at 96 hours for Crassostrea
angulata, Lmk. was found to be 136 mg/L of SDS.
Exposure times required for 50% mortality of the
specimens resulting at each concentration are presented
in Figure 1. At 50, 100, 200 and 400 mg/L SDS, oysters
took 122, 104, 84 and 42 hours respectively to reach
50% mortality. No mortality occurred in control lot.

Controls

The sections obtained from untreated specimens
revealed the normal histological and histochemical
patterns of the digestive gland which is formed by
digestive diverticula and ducts. Digestive diverticula and
ducts are surrounded by a connective tissue and some
isolated muscle fibers that gave a lobulated look to the
gland (Gardiner, 1992). In this respect, the digestive
diverticula are made of a large number of blind tubules
emptying into several large ducts which lead to the
interior of the stomach.

In cross section tubules are usually round with a
lumen in the form of a cross. The digestive cells which
form the interior of a tubule consisting of columnar
acidophilic or secretory cells and pyramidal basophilic
or generative cells.

The histochemical behaviour of both digestive cells
was as follows:

Secretory cells

PAS reaction was moderate and although it did not

decline after enzymatic digestion with Diastasa PAS, it
decreased to weak after Alpha-Amilase PAS treatment.
Alcian Blue at pH 0.4 showed a weak presence of
sulphated mucopolysaccharides strongly ionized.
Bromophenol Blue technique was negative and Hartig
Zacharias method was moderately positive, suggesting
the moderate presence of siderophile proteins. Potassium
Ferricyanide- Fe (III) was weakly positive, indicating the
presence of proteins rich in SH groups (cysteine) and
other reductor groups. Thioglicolate-Potassium
Ferricyanide-Fe (III) was also weakly positive,
indicating the presence of proteins rich in S-S groups
(cystine).

Regenerative cells

They showed a moderate reactivity to PAS which
did not decline after enzymatic digestion. Bromophenol
Blue and Hartig Zacharias method were both moderately
positive. Potassium Ferricyanide-Fe (I1I) was moderately
positive and Thioglicolate-Potassium Ferricyanide-Fe
(IIT) was strongly positive.

The ducts, that connect the tubules with the stomach,
are circular in cross section and are lined with columnar
ciliated epithelium. Their lumen is, however, irregular
due to the variations in the height of the epithelial cells.
The histochemical results were: PAS reaction was
moderately positive and although it decreased to weakly
positive after enzymatic digestion with Alpha-Amilase
PAS, it was not modified after Diastase PAS treatment.
Alcian Blue at pH 0.4 was weakly positive.

Table 1. Histochemical reactions on carbohydrates and proteins in Acidophilic or Secretory cells of the digestive gland of Crassostrea angulata Lmk.

exposed to different concentrations of Sodium Dodecyl Sulphate (SDS).

REACTIONS (03) A B Cc D

PAS (McManus, 1948) 2 2 2 2 NP
Adjacent hydroxyl groups

DIASTASE-PAS (Lillie and Greco, 1947) 2 2 2 2 NP
Glycogen

ALPHA-AMILASE-PAS (Lillie and Greco, 1947) 1 1 1 1 NP
Neutral mucosubstances and/or glycoproteins, excepting glycogen

ALCIAN — BLUE pH 2.5 (Martoja and Martoja-Pierson, 1970) 0 0 0 0 NP
Carboxyl-rich glycoconjugates, sulphated or not

ALCIAN — BLUE pH 1 (Martoja and Martoja-Pierson, 1970) 0 0 0 ¢] NP

ALCIAN — BLUE pH 0.4 (Martoja and Martoja-Pierson,1970) 1 0 0 0 NP
Sulphated glycoproteins, strongly ionized

BROMOPHENOL BLUE-Hg (Chapman, 1971) 0 0 0 0 NP
Proteins in general

HARTIG ZACHARIAS (Martoja and Martoja-Pierson, 1970) 2 1 1 1 NP
Siderophile proteins

POTASSIUM FERRICYANIDE-Fe (ill) 1 0 0 0 NP
(Chevremont and Frederic, 1943) Proteins rich in SH groups

THIOGLICOLATE POTASSIUM FERRICYANIDE-Fe (lll) 1 1 1 1 NP

(Chevremont and Frederic, 1943) Proteins rich in S-S groups

CT: control group; A: 50 mg/L SDS; B: 100 mg/L SDS; C: 200 mg/L SDS; D: 400 mg/L SDS. Results are expressed as semiquantitative assessment of
color intensities by independent scores of three investigators. Estimated scale: 0, negative; 1, weak; 2, moderate; 3, strong; NP, has no been

performed.
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Bromophenol Blue was negative while Hartig Zacharias
method was moderately positive indicating the presence
of siderophile proteins. Potassium Ferricyanide-Fe (III)
and Thioglicolate-Potassium Ferricyanide- Fe (III) were
both weakly positive.

Lot A (50 mg/L SDS)

The most striking feature was the loss of cilia in
some areas of the columnar ciliated epithelium that lined
the ducts. Most of the digestive cells appeared to be in
good condition with no obvious abnormalities.

Histochemical changes observed at this
concentration were:

Secretory cells

The results of histochemical reactions on
carbohydrates were similar to control lot, except Alcian
Blue at pH 0.4 stain that decreased to negative.
Siderophile proteins decreased slightly respect to
contols, Potassium Ferricyanide-Fe (III) decreased to
negative and Thioglicolate-Potassium Ferricyanide-Fe
(IIT) was not modified respect to control.

Regenerative cells

Histochemical results on carbohydrates did not vary.
Proteins in general decreased to weak although
siderophile proteins were equal than control. Potassium
Ferricyanide-Fe (III) was negative and Thioglicolate-

Potassium Ferricyanide-Fe (11I) decreased to moderate.
Epithelial ciliated cells

PAS reactivity decreased slightly respect to control.
It decreased to negative after alpha-Amilase PAS
treatment but it was not modified after Diastase PAS
digestion. Staining with Alcian Blue at pH 0.4 decreased
to negative. The results Bromophenol Blue and Hartig
Zacharias method were similar to controls. Potassium
Ferricyanide-Fe (III) was negative and Thioglicolate-
Potassium Ferricyanide-Fe (III) maintained a weak
presence.

Lot B (100 mg/L SDS)

There was a more intense loss of cilia and erosion of
the citoplasm of the ciliated columnar cells. As
compared with controls, digestive cells showed a
moderate vacuolation of the citoplasm

Histochemical changes were as follows:

Secretory cells

Histochemical results were not modified respect to
lot A.

Regenerative cells

The results on carbohydrates were similar to those

Table 2. Histochemical reactions on carbohydrates and proteins in Basophilic or Regenerative cells of the digestive gland of Crassostrea angulata Lmk.

exposed to different concentrations of Sodium Dodecyl Sulphate (SDS).

REACTIONS CT A B C D

PAS (McManus, 1948) 2 2 2 2 NP
Adjacent hydroxyl groups

DIASTASE-PAS (Lillie and Greco, 1947) 2 2 2 2 NP
Glycogen

ALPHA-AMILASE-PAS (Lillie and Greco, 1947) 2 2 2 2 NP
Neutral mucosubstances and/or glycoproteins, excepting glycogen

ALCIAN — BLUE pH 2.5 (Martoja and Martoja-Pierson, 1970) 0 0 0 0 NP
Carboxyl-rich glycoconjugates, sulphated or not

ALCIAN — BLUE pH 1 (Martoja and Martoja-Pierson, 1970) 0 0 0 0 NP

ALCIAN — BLUE pH 0.4 (Martoja and Martoja-Pierson,1970) 0 0 0 0 NP
Sulphated glycoproteins, strongly ionized

BROMOPHENOL BLUE-Hg (Chapman, 1971) 2 1 0 0 NP
Proteins in general

HARTIG ZACHARIAS (Martoja and Martoja-Pierson, 1970) 2 2 2 2 NP
Siderophile proteins

POTASSIUM FERRICYANIDE-Fe (lil) 2 0 0 0 NP
(Chevremont and Frederic, 1943) Proteins rich in SH groups

THIOGLICOLATE POTASSIUM FERRICYANIDE-Fe (lll) 3 2 2 2 NP

(Chevremont and Frederic, 1943) Proteins rich in S-S groups

CT: contral group; A: 50 mg/L SDS; B: 100 mg/L SDS; C: 200 mg/L SDS; D: 400 mg/L SDS. Results are expressed as semiquantitative assessment of
color intensities by independent scores of three investigators. Estimated scale: 0, negative; 1, weak; 2, moderate; 3, strong; NP, has no been

performed.




141

Effects of SDS on the digestive gland of the Portuguese oyster

appeared at controls. Proteins in general were negative
while siderophile proteins were moderate.

Epithelial ciliated cells

Histochemical changes were similar to those
observed in lot A.

Lot C (200 mg/L SDS)

Surfactant treatment produced an extreme
vacuolation of digestive cells, a strengthening of the
basament membrane and the appearance of basal
membrane bound vesicles. We also appreciated tubule
dilation and tubule breakdown in some areas.

Secretory cells

Histochemical results did not vary respect to lot A.

Regenerative cells

Histochemical results were similar to those obtained
inlot B

Epithelial ciliated cells
Histochemical behaviour was similar to lot A

except siderophile proteins whose level decreased to
weak.

Lot D (400 mg/L SDS)

Toxic effects of SDS on the digestive gland were
more severe than those observed at previous
concentrations. Degeneration and dilation of digestive
diverticula was notorious and even tubule breakdown
was generalized.

Histochemical techniques could not be applied due
to the severe destruction of the structure of the digestive
gland.

Discussion

Studies performed until now about the effects of
surfactants on survival and morpho-histochemical
aspects in oysters are very limited.

The LC50 at 96 h for oyster Crassostrea angulata,
Lmk. was found to be 136 mg/L SDS. It appeared to be
much higher than that reported for Carassius auratus L.
(Marchetti, 1964) and Sparus aurata L. (Ribelles et al.,
1995a-c) that were 2.8 mg/L SDS and 6.1 mg/L SDS
respectively. In agreement with Gilbert and Pettigrew
(1984} it is a remarkable fact that molluscs are more
resistant than fish to the deleterious effects of
surfactants. The difference in tolerance among these
species could be due in part to the different nature of the
studied species (it may be noted that oysters are filtrating
molluscs accustomed to withhold filtrated substances)
and in part to the different place they occupy in the
aquatic environment (giltheads due to its pelagic nature

Table 3. Histochemical reactions on carbohydrates and proteins in Epithelial ciliated cells of the digestive gland of Crassostrea angulata, Lmk. exposed

to different concentrations of Sodium Dodecy! Sulphate (SDS).

REACTIONS CT A B C D

PAS (McManus, 1948) 2 1 1 1 NP
Adjacent hydroxyl groups

DIASTASE-PAS (Lillie and Greco, 1947) 2 1 1 1 NP
Glycogen

ALPHA-AMILASE-PAS (Lillie and Greco, 1947) 1 0 0 0 NP
Neutral mucosubstances and/or glycoproteins, excepting glycogen

ALCIAN - BLUE pH 2.5 (Martoja and Martoja-Pierson, 1970) 0 0 0 0 NP
Carboxyl-rich glycoconjugates, sulphated or not

ALCIAN — BLUE pH 1 (Martoja and Martoja-Pierson, 1970) 0 0 0 0 NP

ALCIAN — BLUE pH 0.4 (Martoja and Martoja-Pierson,1970) 0 0 0 NP
Sulphated glycoproteins, strongly ionized

BROMOPHENOL BLUE-Hg (Chapman, 1971) 0 0 0] 0 NP
Proteins in generals

HARTIG ZACHARIAS (Martoja and Martoja-Pierson,1970) 2 2 2 1 NP
Siderophile proteins

POTASSIUM FERRICYANIDE- Fe (lll) 1 0 0 0] NP
(Chevremont and Frederic, 1943) Proteins rich in SH groups

THIOGLICOLATE POTASSIUM FERRICYANIDE -Fe (lll} 1 1 1 1 NP

(Chevremont and Frederic, 1943) Proteins rich in S-S groups

CT: control group; A: 50 mg/L SDS; B: 100 mg/L SDS; C: 200 mg/L SDS; D: 400 mg/L SDS. Results are expressed as semiquantitative assessment of
color intensities by independent scores of three investigators. Estimated scale: 0, negative; 1, weak; 2, moderate; 3, strong; NP, has no been

performed.
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may be more influenced by surface agents than benthic
oysters).

Based on the results of this study and according to
Cairns and Scheier (1962), Ribelles et al. (1995a-c) and
Rosety et al. (1997) the higher is the concentration of
SDS, the less is the exposure time required for 50%
mortality of the specimens.

In this experimental design, we have observed that
exposure to anionic surfactant SDS caused several
forms of histopathological and histochemical changes
in the digestive gland of treated specimens, and
these modifications were correlated to surfactant
concentration. This relationship has also been reported
by Ribelles et al. (1995a,b) and Rosety et al. (1997) in
the liver, pancreas and gills and in kidney and spleen,
respectively of Gilthead (Sparus aurata, L.), using SDS
as anionic surfactant.

We have observed severe degenerative changes such
as a loss of diverticule lights, vacuolization of
epithelium and increase of basal membrane thickness of
tubules and diverticules.

Comparison with the previous assessment performed
by Benjumea et al. (1996), indicated that similar changes
appeared in the digestive gland of mussels (Mytilus
galloprovincialis, Lmk) after being exposed to the same
anionic surfactant. These results were partially in
concordance with those reported by Sarasquete et al.
(1992) as effects of exposure to cadmium and copper in
the digestive gland of mussels (Mytilus
galloprovincialis, Lmk.) and clams (Ruditapes
phillipinarum). The above mentioned changes perturb
the studied organ what may have influence on the
survival of the treated oysters.

The histochemical distribution of carbohydrates and
proteins of control oysters were similar to those obtained
in the digestive gland of non-treated Ostrea edulis L.
(Gonzalez de Canales et al., 1989).

The mode of action by which tensioactives produce
their detrimental effects remains elusive (Helenius and
Simmons, 1975). It’s thought that the fall in surface
tension induced by surfactants is the main cause of death
(Prat and Giraud, 1964; Mann, 1972). However, it has
also been claimed that surface tension has little to do
with the toxic effects of surfactants on aquatic species
(Muller, 1980; Marchetti, 1985). In agreement with
Sprague (1976) and Mallat (1985) this work could not
confirm a single cause of death. Rather, the decrease in
surface tension, destruction of tissue, and repercussions
at the organ levels may be co-contributors to the death of
the oysters exposed to SDS.
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