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ABSTRACT

This work focused on the effects on metabolism of
environmental concentrations of endosulfan in the fresh-
water crabs Dilocarcinus pagei and Zilchiopsis collastinen-
sis. The concentrations used were 0, 6 and 62 pg of endo-
sulfan I, Oxygen consumption, oxyregulation capacity and
critical oxygen concentration were modified by the pres-
ence of endosulfan in D. pagei. In contrast, Z. collastinen-
sis crabs showed a decrease in the ammonia-N excretion
rate, but the oxygen consumption was similar between ex-
posed and control crabs. A significant increase in the O:N
ratio was evidenced in Z. collastinensis exposed to this bio-
cide, demonstrating a shift toward lipid and carbohydrate
primary metabolism. Dilocarcinus pagei controlled its
oxygen consumption through isolation as a defense mecha-
nism, while Zilchiopsis collastinensis modified the ammonia
excretion. These different defense mechanisms might be
related to the dissimilar habitats that each species occupies.

KEYWORDS: Pesticide pollution; metabolism shifts; freshwater
crabs; defense mechanisms.

1. INTRODUCTION

Widespread and indiscriminate use of pesticides in ag-
ricultural areas provokes the contamination of aquatic eco-
systems through drift and runoff. Endosulfan is an insecti-
cide widely used in agroecosystems, mainly in soybean
crops [1, 2]. Different concentrations of this biocide are
often founded in rivers and lakes [3]. Argentina is a grain-
exporting country, characterized by an intensive agricul-
tural activity, mainly in the Pampean region. This area is
furrowed by streams and rivers, many of which flow into
de Parana-Del Plata hydrosistem. Despite of controls,
different concentrations of endosulfan were founded in
water, bottom sediments, suspended particles and water
runoff [4, 5]. Although biocides pose a risk to aquatic life,
the effects of environmental concentrations on the biota are
not well documented.
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Decapod crustaceans are present in freshwater envi-
ronments associated with agricultural activities. Dilocar-
cinus pagei and Zilchiopsis collastinensis (Decapoda, Tri-
chodactylidae) are two common crab species occurring in
ponds and rivers. As other crabs, they have a key role in
matter and energy transport between water and terrestrial
phases. The straight relationship with the sediment that crabs
have promotes a constant exposition to the lipophilic
pesticides adsorbed there, increased by the bioturbation
caused with walking, feeding and burrowing activities [6-
8].

When exposed to stressful situations, as constant bio-
cide exposure, there is a shift in metabolism and in energy
substrate. Some pesticides, polycyclic aromatic hydrocar-
bons and metals not only modify the energy substrate but
also produce physiological changes that alter the oxygen
consumption [9-11]. The exposure to biocides may also
modify the energy expenditure [12]. Modifications in me-
tabolism and energy expenditure caused by biocides may
change the normal activities of decapods, e.g., growth,
trophic activity and reproduction, which, in turn, could
alter their density and affect aquatic food webs [13, 14].

Despite of the importance of crabs, there is little in-
formation regarding the effects of endosulfan on metabolic
physiology of freshwater crabs, especially in the species of
the Trichodactylidae family. The aim of this study was to
determine the effects of sublethal concentrations, which re-
gularly occur in the environment, of a widely used in-
secticide, endosulfan, on the metabolism of D. pagei and Z.
collastinensis juveniles to gain insights into their metabo-
lism and their response to insecticides.

2. MATERIALS AND METHODS

Six-month-old juveniles were obtained from the crab
hatchery of the Instituto Nacional de Limnologia (CONI-
CET-UNL). They were grown in captivity conditions at
25 + 1° C. Mean (£ SD) carapace width was 10.49 (+ 1.46)
mm in Z. collastinensis and 16.46 (+ 3.23) mm in D. pagei
crabs. Mean (= SD) weight was 0.48 (£ 0.19) g for Z
collastinensis and 2.78 (= 1.21) g for D. pagei crabs. One
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hundred and five individuals of each species were se-
lected. They were isolated without been feed for 4 days.
The aquaria were cleaned every day. Molted crabs, if any,
were removed and were not included in the experiments.

Commercial grade pesticides were employed, which
contained 35% of active ingredient, i.e., endosulfan (Ze-
bra Ciagro™; Red Surcos S. A., Argentina). The commer-
cial product, with all the components used in farmland appli-
cations, was diluted with distilled water to obtain solutions
with different concentrations. The nominal concentrations
were 0, 7 and 70 pg of endosulfan I''(C,, C; and C, respec-
tively). Endosulfan concentrations were measured by gas
chromatography following the ASTM D 6520-06 method
[15]. Oxygen consumption and ammonia-N excretion were
measured for each crab. Thirty replicates were used for
each treatment and control. At the beginning of each test,
crabs were transferred to individual, sealed, respiratory,
500 ml-capacity glass chambers equipped with an oxygen
sensor connected to an oxygen meter (HANNA model
HI9143) [16, 17]. Temperature was kept at 25 = 1° C and
a photoperiod was set at 12:12 h Light — Dark.

Dissolved oxygen (DO) was measured at each hour.
Data of the first four hours were used for detecting rapid
responses to toxicant exposure. Data collected up until 22™
hour were used because oxygen consumption brought the
DO to concentrations lower than 2 ppm in several repli-
cates, and the hypoxia and the accumulation of metabolic
waste products may introduce measurements errors [18]. In
10 animals per concentration, dissolved oxygen was
measured until crabs become lethargic as a result of hy-
poxic stress or dual stresses of hypoxia and endosulfan
(Dissolved oxygen levels below 1 ppm). The oxyregulat-
ing capacity and the different critical oxygen concentra-
tions (C.) of control and exposed crabs were calculated
using the a/b ratios obtained with that data [19, 20]. Am-
monia-N excretion was measured at the beginning of the
test and at the 22" hour. Samples were colorimetrically
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analyzed following the Nessler method (Test kit model
FF-2 of a Hatch spectrophotometer).

The oxygen consumption rate (OCR) and ammonia-N
excretion rate were calculated and expressed as mg O, g h'!
and mg NH3-N g™ h™' respectively. Correlations among
oxygen consumption rate and dissolved oxygen were
analyzed, as a way of observing modifications in the oxygen
consumption behavior [12]. Slopes and Y-interceptions were
compared among control and treatment groups and between
species. Oxygen: nitrogen (O:N) ratios at each concentration
were calculated as the ratios of atoms of oxygen con-
sumed to atoms of nitrogen excreted at the 22 hours inter-
val [16]. Energy expenditure of crabs exposed to endosul-
fan was calculated based in Pillai and Diwan [21]. Oxy-
gen consumption was converted to energy equivalent using
an oxycalorific value of 20.11 J ml O,". Oxygen con-
sumption and ammonia-N excretion rates as well as O:N
ratio and energy expenditure rate were analyzed. Differ-
ences were compared with Kruskal-Wallis and Mann-
Whitney U tests (p < 0.05). Regression lines, slopes and Y-
interceptions were compared with the Student ¢ test [22].

3. RESULTS

Endosulfan concentrations were similar to nominal
concentrations. These environmentally relevant concen-
trations had lethal effects on some crabs after 22 hours of
exposure. Yet, survival was high in both species (Table 1).
The oxygen consumption rate increased as the dissolved
oxygen decreased in both species. The presence of endosul-
fan changed this behavior in D. pagei crabs. Regression
lines between OCR and DO of control and exposed to C;
crabs had similar slopes (p > 0.05) but different Y-inter-
ception (p < 0.05). Regressions line of control and exposed
to C, crabs had different slopes and Y-interception (p <
0.05). Slopes and Y-interceptions were similar for both ex-

TABLE 1 - Endosulfan concentrations and crab survival

Endosulfan concentrations (ug 1" Survival (%)
Nominal Real D. pagei Z. collastinensis
Control 0 100 96,66
Concentration 1 7,00 6,00 96,66 80
Concentration 2 70,00 62,00 90 83

TABLE 2 - Slopes values from regression analysis among dissolved oxygen and oxygen consumption rate of crabs exposed to endosulfan

Groups Slope Y-interception
Dilocarcinus pagei

Co -0,0139 0,1164

C -0,0145 0,1406*
C, -0,0036* 0,0529*
Zilchiopsis collastinensis

Co -0,0019 0,1368

C -0,0082 0,1859

C, -0,023 0,292

* Slopes and Y-interceptions values statistically different from control (p < 0.05)
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posed to endosulfan and control Z. collastinensis crabs (p >
0.05) (Table 2).

During the first four hours, OCR was similar in endo-
sulfan concentrations and control group in Z. collastinen-
sis (p > 0.05). In contrast, OCR of D. pagei was modified
by the presence of endosulfan. Crabs exposed to C; had a
significant increasing during the first four hours (p <

FEB

0.001 for hours 1, 2 and 3; p < 0.05 for hour 4) and a
decrease during the first hour in crabs exposed to C, (p <
0.01). OCR at 22 hours was different only for crabs ex-
posed to C;, which had a higher rate compared with the
control (p < 0.05). The oxygen consumption rate of Z.
collastinensis was clearly higher than that of D. pagei

(Fig. 1).
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FIGURE 1 - Mean values of oxygen consumption rate from control and exposed to endosulfan crabs.
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FIGURE 2 - Mean values of energy expenditure rate during the first four hours of control and exposed to endosulfan crabs.
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In addition, Dilocarcinus pagei exposed to C; in-
creased the energy expenditure rate as a response to endo-
sulfan. Differences among control and exposed to 6 pg
endosulfan I'' were significant in the first four hours (p <
0.05). Moreover, the energy expenditure rate was greater
in Z. collastinensis (p < 0.001) because the individuals of
this species were smaller than those of D. pagei crabs and
had a higher oxygen consumption rate. Zilchiopsis col-
lastinensis control and those exposed to endosulfan crabs
had similar energy expenditure rates in the first four hours
(p > 0.05) (Fig 2).

Another effect of endosulfan was the modification in
the oxyregulation capacity of D. pagei, recognized by the
a/b ratio. Compared with control crabs, C, caused a reduc-
tion in the oxyregulation capacity and an increase in the
critical oxygen concentration (C.) (p < 0.05). The oxyregu-
lation capacity and critical oxygen concentration of crabs
exposed to C, were similar to control crabs (p > 0.05). The
oxyregulation capacity and critical oxygen concentration

Z collastinensis

Ammonia-N excretion rate (ppm)
o
w
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were similar in both control and exposed Z. collastinensis
crabs (p > 0.05) (Table 3).

The ammonia-N excretion rate of Z. collastinensis was
higher than that of D. pagei in control and exposed to C,
crabs (p < 0.001). Crabs of both species exposed to C, had
a similar ammonia-N excretion rate (p = 0.917). This rate
was similar in both control and exposed to endosulfan D.
pagei crabs (p = 0.246). In contrast, Z. collastinensis crabs
exposed to C, had a lower ammonia-N excretion rate than
those exposed to C; and control crabs (p < 0.001) (Fig 3).

TABLE 3 - Oxyregulation capacity (a/b ratio) and critical oxygen
concentration (C.) from control and exposed crabs

D. pagei Z. collastinensis
a/b ratio C. (ppm) a/b ratio C. (ppm)
Control 0.17 1.21 0.35 1.73
6ugl! 1.22 3.22% 0.61 2.26
62 ugl! 0.96 2.85 0.51 2.06

* Differences statistically different from control (p < 0.05)
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FIGURE 3 - Ammonia-N excretion rate of exposed to endosulfan and control crabs. Mean and standard deviation values after 22 hour of

assay. (*) values statistically different from control (p < 0.001)
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FIGURE 4 - Mean and standard deviation values of the O:N ratio from exposed to endosulfan and control crabs after 22 hours of exposition.

(*) values statistically different from control (p < 0.005)
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The O:N ratio was similar for both species in exposed
to C; and control crabs (p = 0.295; p = 0.055 respectively).
In crabs exposed to C,, this ratio was higher in Z. col-
lastinensis crabs (p < 0.001). The O:N values were modi-
fied by the presence of endosulfan in Z. collastinensis crabs
exposed to C, because the differences with control crabs
were significant (p = 0.003). In D. pagei crabs, the O:N
relation was similar among exposed and control crabs (p
=0.79), demonstrating no effects of endosulfan (Fig 4).

4. DISCUSSION

Environmental pollution by pesticides has been in-
creasingly documented in rivers and lakes and poses a risk
to the biota that inhabits those ecosystems. The exposure to
endosulfan-containing products caused a shift in metabo-
lism of D. pagei and Z. collastinensis.

Endosulfan modified the oxygen consumption rate of
D. pagei. Low concentrations resulted in an increase in
the oxygen consumption rate, while a higher concentra-
tion caused a decrease of it. Endosulfan is a neurotoxic
pesticide, which acts upon biota by blocking the chloride
channels at the gamma-aminobutyric acid (GABA) recep-
tor in the central nervous system, leading to neural excita-
tion [23]. Also, it may have relevant sites of toxicological
actions related with acetylcholinesterase inhibition [12, 24].
The increase in oxygen consumption rate could be related
to those neurotoxic and physiological effects. The reduc-
tion in oxygen consumption of crabs exposed to 62 pg I'' of
endosulfan may be related with behavioral responses. Both
species have the capacity of closing their gill chamber and
isolate from the medium, which allows them to walk in
terrestrial environments. When these crabs detect a stres-
sor agent, they close their gill chamber, reducing their
oxygen consumption and the intake of compounds present
in the water. As the oxygen in the gill chamber water
decreases and as the concentrations of excretion com-
pounds increase, they replace this water for new oxygen-
ated one, with the consequent influx of endosulfan. The
net oxygen consumption rate is a balance between meta-
bolic decrease caused by isolation and the increase related
to acetylcholinesterase inhibition. Low concentrations of
endosulfan caused an exiting stimulus in crabs, but the
effect was not as strong as the one needed to activate
behavioral defense mechanisms such as isolation. Mon-
tagna and Collins [12] reported a significant shift in oxy-
gen consumption when individuals of the freshwater crab
Trichodactylus borellianus were exposed to endosulfan.
Similarly, shifts in oxygen consumption, as those ob-
served in D. pagei crabs, were documented in the fishes
Labeo rohita and Geophagus brasiliensis exposed to
pesticides at different concentrations [25, 26].

In crustaceans, the metabolic pathways involved in
nitrogen excretion are catabolism of amino acids and cer-
tain amides, degradation of nucleic acids as well as deami-
nation of purine nucleotides and urea. Decapods crusta-
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ceans excrete nitrogen mainly as ammonia, and the most of
it is excreted through the gill epithelium [27, 28]. The re-
duction in the ammonia-N excretion observed in Z. col-
lastinensis exposed to endosulfan might be related to a
reduction in amino acid catabolism, suggesting that the
pesticide interfere with the metabolism of this crab.
Likewise a reduction in ammonia-N excretion was ob-
served in the fish Macrognathus aculeatum when exposed
to endosulfan [25].

Oxygen consumption could be combined with nitro-
gen excretion according to atomic equivalents. Informa-
tion about the fuel used in metabolism and energy sub-
strate type showed how environmental characteristics affect
the metabolism of crabs. A high O:N ratio suggests an in-
crease in lipid or carbohydrate metabolism, and a low O:N
indicates an increase in protein metabolism [21]. In general
protein consumption indicates as a stressful condition. How-
ever, in the present study, Z. collastinensis crabs exposed to
endosulfan showed a shift toward lipid consumption as
energy substrate and a decrease in ammonia-N excretion.
Because endosulfan causes histological damages in the
hepatopancreas of crustaceans, proteins might be synthe-
sized for cell and tissues production, with a decrease in
amino acid catabolism and a reutilization of nitrogenous
compounds. Therefore, the effects of sublethal endosulfan
concentrations could not be strong enough to turn meta-
bolic pathways to protein use in 22 hours, maintaining
essentially lipid and carbohydrate use as fuel. The same
behavior was observed in T. borellianus exposed to endo-
sulfan [12].

In several shallow lakes of the Parana-La Plata flood-
plain hypoxia is common [29]. Aquatic animals are able to
regulate their oxygen consumption until the environment
reaches a particular dissolved oxygen concentration called
critical concentration (C,.). When the oxygen concentration
falls below the C,, animals cannot maintain a stable oxygen
uptake and become oxyconformers. Endosulfan caused a
shift in the oxyregulating capacity of D. pagei, increasing
the C.. Pesticide pollution, as a result of agricultural ac-
tivities, make crabs, and probably crustaceans in general,
more susceptible to environmental hypoxia. If the amount
of oxygen needed for maintaining an aerobic metabolism
is not achieved, there is a change to anaerobic metabo-
lism, glycolysis of carbohydrates, lactic acid release and
disturbance in acid-base balance, with several physiologi-
cal effects [30]. A reduction in the oxyregulating capacity
was reported for the shrimp Penaeus aztecus when ex-
posed to naphthalene [20]. Unfortunately, there is a lack
of information about oxyregulation capacity and critical
dissolved oxygen concentration in native species of the
Parana-La Plata hydrosystems.

As other organic compounds, endosulfan is a hydro-
phobic biocide mainly associated with sediments of ma-
rine and freshwater environments. Crabs spend a large
amount of time on the bottom, and any disturbance will
promote the release of pesticides from sediments to the
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immediate water phase. Hence, it is likely that crabs
encounter endosulfan in the environment at similar con-
centrations to those used in the present study. When ex-
posed to certain stressors, in this case endosulfan, D.
pagei crabs controlled their oxygen consumption by get-
ting isolated and avoiding a metabolism change as a de-
fense mechanism. In contrast, Z. collastinensis crabs, which
maintained the same oxygen consumption in all the treat-
ments, suffered a shift in their metabolism, which caused
several damages and the death of some individuals. This
differential outcome could be related to the habitat of each
species. Dilocarcinus pagei is a pleustonic crab that lives
associated with roots of aquatic plants in rivers and ponds,
where there is a high availability of dissolved oxygen. A
defense mechanism related to oxygen consumption shifts
and enzymes production could be developed by this crab
because the availability of this gas is usually high. In-
stead, Z. collastinensis lives in burrows of the riverside,
submerged in muddy water with low dissolved oxygen. A
defense mechanism for this crab could be not related with
oxygen consumption shifts because the typical availability
of this gas is already low. Therefore, other physiological
mechanisms, such as those concerning ammonia excretion
shifts, might be employed by this species.
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