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Abstract: Histopathological alterations in Nile tilapia, Oreochromis niloticus, aged 3 months and subjected to acute and subchronic alachlor exposure were
studied by light microscopy. LC, values of alachlor for 24 hr, 48 hr, 72 hr and 96 hr were 963.6, 563, 448, and 381.9 g I, respectively and the maximum
acceptable toxicant concentration (MATC) was 350 ug . Fish were exposed to 381.9 (acute) and 35 ug I (sub-chronic) of alachlor for 24, 48, 72 and 96 hr
and 90 days, respectively. Gill lamellae and kidney tubules were the primary target organs for the acute toxic effect of alachlor while in the subchronic
exposure, the toxic effect on the gills was less marked than that of the kidneys and liver. Gill alterations included edema of the epithelial cell system, aneurisms
with some ruptures, hypertrophy and hyperplasia of epithelial cells. The liver showed hydropic swelling of hepatocytes and vacuolation. Lipid vacuoles were
observed in hepatocytes in the second and third month of subchronic exposure. The kidney showed hydropic swelling of tubular cells, lipid vacuole
accumulation in many tubules, and nuclear pyknosis. The findings of this study could be used as a guideline for biomonitoring programs on populations of Nile

tilapia cultured near alachlor contaminated areas.
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Introduction

Persistent agrochemicals often cause health hazards to non-
target organisms including animals and man. The fate of herbicides
in soil is governed by various processes such as adsorption, herbicide
transformation and transportation in addition to the influence of factors
such as herbicide application rate, crop type, agricultural practices
and climatic conditions (Arnold and Briggs, 1990; Cheng, 1990).
Pesticide/herbicide pollution severely affects aquatic organisms at
higher trophic levels including human beings. For instance,
consumption of fish contaminated by pesticides affects the immune
response and causes severe health problems (Svensson et al.,
1994, Mondal et al., 2007; Joshi et al., 2007; Kumar et al., 2007).

Alachloris arelatively non-toxic pre-emergence/early post-
emergence herbicide widely used for control of annual grasses and
many broadleaved weeds (Worthing and Walker, 1983). Studies
conducted by the US Environmental Protection Agency (USEPA,
1987, 1988), US Department of Agriculture (USDA, 1984) and US
Geological Survey (USGS, 1999) have shown alachlor to be a
commonly detected contaminant in ground and surface waters,
typically in the low part-per-billion range (Barbash and Resek, 1996).
Alachloris a class B2 or “probable human” carcinogen (USEPA,
1987). Therefore, the contamination of ground and surface waters
by alachlor may be regarded as toxicologically significant from the
perspective of chronic human exposure via drinking water supplies.

Histopathological examination has been increasingly
recognized as a valuable tool for the assessment of the impact of
environmental pollutants on fishes (Heath, 1995; Teh et al., 1997).

Specificlesions occuming in organs of fish exposed to toxic substances
under laboratory conditions help to identify biomarkers of exposure.
The Nile tilapia, Oreochromis niloticus (Linnaeus 1757) is a
commercially important introduced freshwater fish species in
Thailand. It spawns naturally and feeds on wide variety of natural
foods as well as artificial feeds, can tolerate poor water quality, and
grows rapidly in warm water. These attributes, along with relatively
low input costs, have made Nile tilapia the most widely cultured
freshwater fish in tropical and sub-tropical countries (Tungtrongpiroj
et al., 1993). The aims of the present study were to determine the
median lethal concentration (96 hr LC, ) of alachlor and to study
the histopathological alterations in the target organs (gill, liver, and
kidney) of O. niloticus under acute and sub-chronic alachlor
exposure.

Materials and Methods

Chemical: Alachlor [2-chloro-N-(2,6-diethyphenyl)-N-
(methoxymethyl)- acetamide] was purchased from Monsanto
Thailand as a commercial formulation (48% W/V EC).

Experimental fish: Nile tilapia, O. niloticus of 2.5 months old, were
purchased from a commercial hatchery in Bangkok, Thailand.
Acclimatization to laboratory conditions for 2 weeks was done using
dechlorinated tap water that had the following physico-chemical
characteristics such as temperature (26.0+2.0°C); pH (7.2-8.0);
total hardness (50-70 mg I*, as CaCQ,); alkalinity (60-65 mg I'");
and conductivity (190-210 umhoS cm*), and chlorine residual level
and ammonia were below detection limits according to the standard
experimental procedures (APHA, 2005). Fish were fed twice daily
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Histopathological alterations of Nile tilapia exposed to alachlor

with commercial fish food, 2% of initial body weight per day, having
38% protein.

Acute toxicity test: The acute toxicity test was performed according
to the USEPA procedure for the static non-renewal technique (USEPA,
1993). After an acclimatization period, three-month-old fish (11.5+0.5
cminlength, 15.3+0.5 g in weight) were transferred from the stock
tank to the experimental aquaria. Ten fish were randomly placed in
each glass aquarium filled with 250 liter of water. Fish were not fed
for 48 hr before starting and for 96 hr during the experiment. This
practice minimizes enzyme depletion and metabolic waste
accumulation (APHA, 2005). The tests consisted of a control and at
least six concentration groups (800, 700, 600, 500, 400 and 300 mg I,
three replicates per group, with ten fish in each replicate. At the
beginning of the test and every 24 hr, the symptoms and the number
of dead fish were recorded. The criteria for death were no gill
movement and no reaction to gentle prodding. The results of the
median lethal concentration (LC, ) at 24 hr, 48 hr, 72 hr and 96 hr
were computed using the EPA probit analysis computer program
(Finney, 1971).

Acute exposure: The acute exposure experiment consisted of
control and treated (fish exposed to alachlor at 96 hr LC, , 381.9
Mg 1) groups, three replicates per group, with ten fish in each
replicate. The fish were starved for 24 hr prior to and during the
experiment. Mortality and behavior were observed daily in each
concentration. Two fish from each aquarium were sampled after 24,
48, 72 and 96 hr exposure.

Sub-chronic exposure: The sub-chronic exposure experiment
consisted of control and treated (fish exposed to 35 g I of alachlor)
groups, three replicates per group, with ten fish in each replicate.
The dose chosen was theoretically sublethal (10% of the maximum
acceptable toxicant concentration [MATC] of 350 ug I''). The MATC
was represented as NOEC (no-observed-effect concentration)
<MATC<LOEC (lowest-observed-effect concentration). The test
concentration was estimated using the application factor (AF) concept
(USEPA, 1993).

AF = (NOEC~LOEC)ILC,,
MATC =AF XLC,,

A static system was used and all aquaria were renewed
every two days, dechlorinated and aerated tap water was used as
diluent and control. Fish were fed daily with commercial fish feed.
Ten fish from each aquarium were sampled at 1, 2, and 3 months of
exposure.

Alachlor concentrations in water: Gas chromatographic analysis
of the alachlor concentration was used to confirm the presence of
alachlorin the water over the entire exposure period according to
USEPA RCRA SW-846 method 3620 and 8080A with some
modifications (EPA, 1994). All gas chromatography with electron
capture detector (GC/ECD) analyses were performed for alachlor
analysis using an Agilent 6890/7683. The separation was carried
out on an AT™-PESTICIDE (30 m x 0.25 mm id x 0.25 pm film
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thickness). The column was coated with 5% phenyl-
methypolysiloxane.

Light microscopic study: Fish were quickly anesthetized with 50
mg I MS 222 (tricaine methane sulphonate) for 2 to 3 min, then
measured for total length and weight. The second and third gill
arches, livers and kidneys were rapidly removed and fixed in 4%
glutaraldehyde in 0.1 M cacodylate buffer pH 7.4 for 2 hr at 4°C,
after which tissues were removed and post-fixed in buffered 1%
osmiumtetroxide for 1 hrat 4°C (Bozzola and Russell, 1992). Post-
fixed tissues were rinsed in filtered cold water, and dehydrated
through a graded series of ethanol. After that they were infiltrated
with propylene oxide/resin, and then embedded in Araldite 502
resin (Bozzola and Russell, 1992). Semithin sections (5 slides per
tissue per fish) were cut at 1.0 um thickness on an ultramicrotome,
stained with methylene blue and examined under an Olympus Vanox
light microscope.

Semiquantitative scoring: Histopathological alterations were
assessed using a score ranging from — to + + + depending on the
degree and extent of the alteration: (-) none, (+) mild occurrence,
(++) moderate occurrence, (+++) severe occurrence. A total of 30
slides were observed from each treatment.

Statistical analysis: All data were presented as mean + standard
deviation.

Results and Discussion

Acute toxicity test: The 24 hr, 48 hr, 72 hrand 96 hr LC,  values
foralachlor in Nile tilapia were 963.6, 563.0, 448.0 and 381.9 ug I,
respectively.

Histopathological observations:

Gills: Inthe control fish, no recognizable changes were observed
inthe gills. Each gill arch was composed of numerous gill filaments
which had two rows of secondary lamellae that ran perpendicular to
each filament (Fig. 1A). Each lamella was made up of two sheets of
epithelium delimited by many pillar cells, which were contractile and
separated the capillary channels (Fig. 1A). One to two erythrocytes
were usually recognized within each capillary lumen.

In the acute exposure group, after the first 24 hr, gills showed
telangiectatic secondary lamella and primary lamella hypertrophy
(Fig. 1B). After 48 hr, gills showed extensive aneurysms with some
ruptures in many secondary lamellae and necrosis of the primary
epithelial cells (Fig. 1C). After 72 and 96 hr, gills of many fish showed
extensive hypertrophy and hyperplasia of primary epithelial cells
(Fig. 1D). The gill showed a slight clubbing at the tip of the secondary
lamellae (Fig. 1E).

In the sub-chronic exposure group, after the first and second
month, the gills showed a slight thickening of the primary lamellar
epithelium and several areas of edema (Fig. 2A). After the third
month, the gills showed extensive hypertrophy and hyperplasia of
epithelial cells and accumulation of erythrocytes. There were severe
clubbings at the tips of the secondary lamellae (Fig. 2B).
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Table - 1:Semiquantitative scoring of gill, liver and kidney lesions in Nile tilapia during acute (381.9 g ") and subchronic (35 g I'") alachlor exposure

Acute exposure Subchronic exposure
Lesion (hr) (month)
24 48 72 9 1 2 3
Gill Edema of epithelial cells ++ + 4+ + 4+ ++ 4+ + + + 4+
Aneurysm of secondary lamellae + ++ ++ 4+ ++ 4+ + + +
Hypertrophy of epithelial cells + + + + 4+ + + ++
Hyperplasia of epithelial cells + ++ +++ + + ++
Liver Hepatocytes hydropic swelling + + + 4+ + 4+ + ++ +++
Lipid vacuole accumulation + 4+ + 4+ + ++ ++ 4+
Necrosis + + ++ + o+
Kidney  Tubular cells hydropic swelling + + 4+ ++ 4+ + 4+ + ++ 4+
Necrosis - + ++ + ++ + o+ 4+

aScore value: - =none, +=mild, ++ = moderate, +++ = severe

Semiquantitative scoring of lesions of the gills after acute and
subchronic exposure to alachlor is shown in Table 1.

Liver: In the control fish, the liver was primarily composed of
polyhedral hepatocytes typically with central nuclei with densely
stained chromatin margins and a prominent nucleolus (Fig. 3A).
Veenous blood entered the liver caudally from the intestine via the
hepatic portal veins and branched into capillaries known as sinusoids.
Sinusoids were lined with reticulo-endothelial cells which were in
turn surrounded by hepatocytes (Fig. 3A).

In the acute exposure group, after 24 hr, the liver showed
mildly swollen hepatocytes with numerous lipid vacuoles (Fig. 3B)
and after 48 hr, hydropic swelling of hepatocytes in which the nucleus
retained a nearly normal shape (Fig. 3C). After 72 and 96 hr, there
was hydropic swelling of hepatocytes with pyknotic nuclei. Numerous
lipid vacuoles were observed in all hepatocytes (Fig. 3D).

In the subchronic exposure group, after the first month of
exposure, hepatocytes showed slightly pyknotic nuclei. There were
large lipid vacuoles in the cytoplasm (Fig. 4A). After the second
month of exposure of the fish, livers showed slightly swollen
hepatocytes with pyknotic nuclei. Some liver areas showed large
lipid vacuoles (Fig. 4B). After the third month, disintegration of
hepatocytes was observed and the cell outline was no longer
discernible (Fig. 4C). In intact cells, severe necrotic nuclei were
observed (Fig. 4C). Semiquantitative scoring of the lesions of livers
after acute and subchronic exposure to alachlor is shown in Table 1.

Kidney: In the control fish, the kidney was composed of numerous
renal corpuscles with well developed glomeruli and a system of
tubules. The proximal segment was covered by tall columnar epithelial
cells with basal nuclei and brush border located along the cell apices
(Fig. 5A). The distal segment was lined with large, relatively clear
columnar epithelial cells with central nuclei and the brush border
was reduced or not present. The glomerulus was largerin diameter
than the distal segment, containing columnar epithelial cells with basal
nuclei and no brush border (Fig. 5A).

In the acute exposure group, after the first 24 hr, the kidney
showed hydropic swelling of tubules (Fig. 5B). After 48 hr, there
were extensive hydropic swelling of tubules and accumulation of
many lipid vacuoles in the tubular cells (Fig. 5C). After 72 hrand 96
hr, numerous lipid vacuoles were present in tubular cells (Fig. 5D).

In the subchronic exposure, after the first month, the kidneys
showed hydropic swelling of tubules with pyknotic nuclei and lipid
vacuole accumulation in the tubular cells (Fig. 6A). After the second
month, extensive hydropic swelling was observed in many tubules,
and lipid vacuoles had accumulated in the tubular cells. Swollen
proximal tubular epithelial cells with dilated nuclei were observed
(Fig. 6B). After the third month, the epithelium of many tubules had
become exfoliated and there was severe swelling of the tubules.
There were many necrotic areas, swollen proximal epithelial cells
with necrotic nuclei (Fig. 6C). Semiquantitative scoring of the lesions
of the kidney after acute and subchronic exposure to alachlor is
shown in Table 1.

Alachloris moderately toxic tofish. In the present study, the
results of 24 hr, 48 hr, 72 hr, and 96 hr LC_ values of alachlor for O.
niloticus were 963.6, 563.0, 448.0, and 381.9 g I, respectively.
LC,, values of alachlor varying widely from 240 g I" to 17,000 ug I
have been reported depending on the species of fish and test
conditions (PAN, 2004). In channel catfish, Ictalurus punctatus, the
96 hr LC,, values were reported to be 6,500 ug I (PED, 2000) and
16,700 ug I (Howe et al., 1998). The 96 hr LC_ values i.e., 240
Mg I (PED, 2000), 1,800 ug I'' (PED, 2000), 9,100 g ' (Howe et
al., 1998) were also reported in rainbow trout, Oncorhynchus mykiss.
Moderately high 96 hr LC, values (1,000 -5,000 ug ') were found
in zebra fish, Zebra denio (Bresch, 1982), bluegill, Lepomis
macrochirus (PED, 2000), Indian catfish, Heteropneustes fossilis
(Chaturvedi and Agrawal, 1991), common mirror colored carp,
Cyprinus carpio (Do” Icheva, 1979), and fathead minnow,
Pimephales promelas (Broderius et al., 1995). The 96 hr LC,|
value of nile tilapia (381.9 ug ') was comparable to that of rainbow
trout as reported by PED (2000). In general, Nile tilapia is more
sensitive to alachlor than other species of fishes.
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In aquatic organisms, the gills are a vital organ, since they
play an important role in the transport of respiratory gases and
regulate the osmotic and ionic balance. Toxic substances may cause
damage to gill tissues, thereby reducing the oxygen consumption
and disrupting the osmoregulatory function of aquatic organisms
(Ghate and Mulherkar, 1979). In the present study, acute exposure
of O. niloticus to alachlor resulted in notable structural alterations of
the gills including edema, aneurysm, hypertrophy and hyperplasia
of primary lamellar epithelium and clubbing of secondary lamellae.
Gills showed moderate severity at the first 24 hr after exposure and
the alterations were most severe in 96 hr acute exposure. However,
only mild and moderate gill alterations were observed after 2 and 3
months of subchronic exposure, respectively. The structural alterations
observedin gills in the present study were similar to those of Cirrhinus
mrigala (Gupta and Kumar, 2006), Salvelinus alpinus (Oliveira Ribeiro
et al., 2002), Solea senegalensis and Halobatrachus didactylus
(Arellano et al., 2000) exposed to heavy metals, and O. niloticus
exposed to glyphosate herbicide (Jiraungkoorskul et al., 2003). All
these lesions may impair respiratory function. Hyperplasia of
epitheliumincreased the diffusion distance thus affecting the exchange
of gases, and the fusion of lamellae causes a decrease in the total
respiratory area of the gills, resulting in a decreased oxygen-uptake
capacity of fish gills (Nowak, 1992). Fish fail to get adequate oxygen
for total metabolic activities. Increased thickness of the epithelial layers
has been reported to result from hyperplasia following experimental
exposure to pesticides (Nowak, 1992). Inflammatory changes, such
as swelling and lifting of lamellar epithelium and hyperplasia have
also been noted in the gill lamellae of various species of fish following
exposure toinsecticides (Sunitha and Sahai, 1983; Roy and Munshi,
1991; Nowak, 1992).

Histopathological alterations in the hepatocytes showed
hydropic swelling, accumulation of lipid vacuoles and focal necrosis
in some liver areain the present study. These lesions were observed
after 72 and 96 hr of acute exposure, and in subchronic exposure.
Liver showed moderate severity at 72 hr after exposure and the
severity depended on the time of exposure. The cellular damage of
the liver was more severe and prominent under the acute exposure
than in the subchronic exposure. Similar alterations were observed
in several species of fish treated with heavy metals and herbicide
(Oliveira Ribeiro et al., 2002; Jiraungkoorskul et al., 2003; Thophon
et al., 2003; Gupta and Kumar, 2006). In teleosts the liver is the
primary organ for biotransformation of organic xenobiotics, and
probably also for the excretion of harmful trace metals, food digestion
and storage, and metabolism of sex hormones (Heath, 1995; Hinton
etal., 2001). Liver of fish is sensitive to environmental contaminants
because many contaminants tend to accumulate in the liver and
exposing it to a much higher levels than in the environment, or in
other organs (Heath, 1995).

Kidneys of fish play an important role in maintaining osmotic
homeostasis. Moreover, renal tissues receive large volumes of blood
flow and serve as a major route of excretion for metabolites of various
xenobiotics. Since renal tissues are potentially continuously exposed

Peebuaet al.

to toxic chemicals, the risk of effects is high (Myers et al., 1993). In
the present study, histopathological alterations in the kidney were
hydropic swelling and exfoliation of tubules, vacuoles accumulation
in tubular cells, and many necrotic areas. Tubular degeneration and
necrosis were also observed. These alterations were moderate
after 48 hr exposure and more severe in the acute exposure (72
and 96 hr) and prolonged subchronic exposure (3 months). In the
subchronic exposure, the kidney was the first target organ and the
effect was more severe than inthe gills and liver. These pathological
changes are in agreement with those reported by Forlin et al. (1986)
in Salmo gairdneri, Oulmi et al. (1995) in O. mykiss, Gupta and
Srivastava (2006) in Channa punctatus, and Gupta and Kumar
(2006) in C. mrigala. Their results showed small cytoplasmic
vacuoles, nuclear deformation and cellularhemolysis in the epithelium
of the first and second segments of the proximal tubule. Because the
excretion of divalent ions is a major function of the renal tubular
epithelium, pollution with heavy metals or pesticides would be highly
likely to affect these cells.

This investigation emphasized the usefulness of the fish
organs as an experimental model for studying the effects of aquatic
environmental toxicants to the fish. The findings of this study could
be used as a guideline for biomonitoring programs on populations of
fish cultured near contaminated areas.
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