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Acetylcholinesterase (AChE) activity is a potential biomarker for phenanthrene exposure in
aqiatic organisms. Olive flounder (Paralichthys olivaceus) were exposed to three different
cocentrations (0.5, 1.0 and 2.0 M) of phenanthrene for four weeks. AChE activities in
the brain, heart and eyes were documented. Inhibition of AChE activity was found significant
in flounder treated with a concentration greater than 1.0 #M of phenanthrene. This indicates
thet a chronic exposure to phenanthrene induces damage in various organs (brain, heart and
ey2s) and changes of AChE activities might be a useful biomarker to assess the impacts
induced by polycyclic aromatic hydrocarbon (PAH). Evidence from this study confirms that
the measurement of AChE in the brain and eyes of flounder is a valuable tool that along
with other biomarkers can maximize an ecotoxicologists' confidence in assessing the impacts
of oil and PAH pollution in the aquatic environment.
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Aquatic environments have been used for decades
as a majo- repository of anthropogenic wastes. Among
the types of pollutants typically attributable to human
activities, petroleum products are one of the most
ecotoxicologically relevant. Polycyclic aromatic
hydrocarbons (PAHs) have served as markers of fish
exposed to oil pollution (Ogata and Miyake, 1979)
and some PAHs are known as carcinogens (Andelman
and Snodgrass, 1974). One of the biomarkers most
frequently used in fish for the diagnosis of exposure
to organoshosphate and carbamate compounds is the
measurenient of the inhibition of enzyme choline-
sterase (3ancho et al, 2000). Although Acetyl-
cholinesterase (AChE) inhibition has been widely
monitorec. in terrestrial and coastal aquatic environ-
ments as a biomarker of aquatic toxicants, including
organophoysphorus (Holland et al., 1967), the effect
of phenaithrene on AChE has not yet been clear.
Acetylcholine is one of the most important neuro-
transmitters in either central or peripheral nervous
systems a1d the inhibition of AChE has been proposed
as biomarker for the neurotoxicity {Manzo et al.,
1995). The AChE marker for aquatic pollution has
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gained a wide acceptance in environmental studies
of both fresh and marine waters over the past few
years. The activity of this enzyme was used to assess
the toxicity of existing discharges into aquatic
ecosystem (Martinez-Tabche et al., 1998). In this
study, we tried to elucidate the effect of phenanthrene
on AChE activity in brain, heart and eyes in olive
flounder (Paralichthys olivaceus).

Olive flounder (P. olivaceus), 51+£4.3 g mean body
weight, were obtained from a local fish farm in Korea,
transferred to a tank and kept at 20+ 1C. Flounder
were acclimated to the laboratory condition for several
weeks prior to experiment. Fish were maintained on
a 12 h light/dark cycle at all times. Test chamber
(glass aquaria, 120 L capacity) were filled with 80
L of sea water. Water characteristics, measured by
the method described in APHA (1995), were as
follows: pH, 8.03+0.4; temperature, 20+ 1C; sali-
nity, 31.8+0.7% and dissolved oxygen 7.5-7.8 mg/L.
Phenanthrene was initially dissolved in ethanol
(Sigma Chemical, St. Louis, MO) to obtain initial
stock solution, Prior to introduction of fish to test
aquaria, solutions of phenanthrene (>96% purity,
Sigma Chemical, St. Louis, MO) working solution
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were mixed with filtered seawater to attain a nominal
concentration of 0.5, 1.0 and 2.0 #«M. The working
solutions were stirred 8-16 h prior to usage. In each
test chamber, a group of 10 fish was exposed for
a period of 2 and 4 weeks under semi-static conditions
with aeration to maintain dissolved oxygen levels
over 75% saturation. The phenanthrene dose was
renewed every second day along with the seawater.
AChE Activity was determined in (1:50) brain and
heart homogenate in 0.1 M phosphate buffer con-
taining 0.1% Triton X100 (Sigma), pH 8. Whole eyes
homogenates (1:100) were also prepared in the same
buffer. The crude homogenates were then decanted
into Eppendorf tubes and centrifuged at 10,000xg
for 20 min at 4C. The supernatants were removed
and used to test AChE activity. AChE activity was
measured by an automated adaptation of the Ellman
assay (Ellman et al., 1961) using a spectrophotometer
(Hach 4000, USA). AChE activity was normalized
to protein content and expressed as U min" mg
protein‘l (1U =1 milli Optical Density (mOD) unit).
Protein concentration was determined using Brad-
ford's method (1976), with a bovine serum albumin
(Sigma, USA) as standard. Statistical analyses were
performed using SPSS/PC + statistical package. Sig-
nificant differences between groups were determined
using one-way ANOVAs and Duncan's test for
multiple comparisons or the Student's t-test for two
groups (Duncan, 1955). Significance level was
established at P<0.01.

In this study, the inhibition degree of enzyme
activity increased significantly (P<0.01) with the
increase of phenanthrene level (>1.04M) and
exposure time at 4 week (Fig. 1). Among tissues
examined, brain is supposed to be a major part of
body which is seriously damaged by phenanthrene
exposure since the percentage inhibition of AChE
was significantly higher than heart and eyes when
exposed to 1.0 «M (40.05%) or 2.0 £M (66.60%)
of phenanthrene for 4 weeks. AChE activity in eyes
was affected significantly by phenanthrene but the
activity in heart was not declined as much as in brain
and eyes. Eyes seems to be the first affected organ
as the highest reductions of AChE activity than any
other organs were already observed at 2 weeks in
1.0 and 2.0 #M exposed groups (34.53% and 37.23%,
respectively), and thereafter insignificant reduction
was observed in 1.0 and 2.0 M groups. Therefore,
brain and eyes seem to be useful organs to monitor
ACHhE activity following phenanthrene exposure. The
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Fig. 1. Changes in acetylcholinesterase activity in brain
(A), heart (B) and eyes (C) of Paralichthys olivaceus
after phenanthrene exposure for 4 weeks. Values are
means= SE (n=10). Values with different superscript
are significantly different (P<0.01) as determined as
Duncan's multiple comparison.

high activity of AChE in brain lead to consider those
organs useful for monitoring purpose, as is the case
in other species (Bocquen et al., 1990). It has been
hypothesized that suppression of AChE activity could
be used as an indicator of stress of aquatic pollutants
and their exposure (Bocquen et al., 1990; Kirby et
al., 2000). Recently, Kang and Fang (1997) showed
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that several PAHs directly inhibit AChE activity in
vitro. Evicence from this study confirms that the
measurement of AChE of brain and eyes of olive
flounder is a valuable tool that should be incorporated
into a series of biomarkers to maximize the confidence
with which ecotoxicologists assess the impacts of
oil and PAH pollution in the aquatic environment.
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