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Abstract

Introduction

The current study was carried out on
zebrafish embryos at 6 h post fertilization exposing them 24 h to five
concentrations (0 [negative control],
5, 10, 50, 80, 100,and 200 ppb Hg cl.
Zebrafish embryos exposed to2%
ethanol were positive controls (100%
embryonic death). Embryos were
assessed at 30, 54, 72 and 96 h post
fertilization for progress in development, morphometry and morphological deformities. Embryos exposed to
5 ppb methyl mercury were healthy,
showed no obvious deformities. Embryos exposed to 10, 50, 80, 100,
and 200 ppb hg cl showed lighter
pigmentation and smaller eyes. Embryos exposed to 80, 100, and 200
ppb hg cl showed shorter larval
length.Larger yolk sac was recorded
in embryos exposed to 80 ppb hg
cl.Twisted tail was seen in embryos
exposed to 80, 100, and 200 ppb hg
cl.
J. Vet. Anat.

Mercury neurotoxicity causes a variety of neurological and behavioral
effects in humans including central
hearing loss, vestibular dysfunction,autism, mental deterioration,
speech difficulty, impaired vision,
weakness of the extremities and
ataxia, and in some cases has proven to be fatal (Carpenter, 1994;
Chang, 1977; Musiek, and Hanlon,
1999; and Takeuchi et al., 1968).
Several investigations have reported
hearing loss and auditory comprehension difficulties in humans exposed to mercury (Harada et al.,
1977 and Myers et al.,1995)
Mercury, in both inorganic and organic forms, is an environmental toxin that impairs the function of numerous tissues, including kidney, gastrointestinal tract, heart and central
nervous system (Ganote et al., 1974;
Bansal et al., 1985; Aschner et al.,
1991; Fitzgerald and Clarkson, 1991;
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leading to a calcium overload. Mercury triggers calcium released from
sarcoplasmic reticulum (Prabhu and
Salama, 1990). Also it reduces the
activity of the myosin ATPase (Vassallo et al., 1999). Inorganic mercury
is neurotoxic (Albrecht, 1996)

Pamphlett and Waley, 1996; Diamond and Zalups, 1998).In humans,
acute exposure to inorganic mercuric
chloride (HgCl2) causes epithelial
dysfunction, primarily in renal and
gastrointestinaltissues (Ganote et al.,
1974; Lin and Lim, 1993; Diamond
and Zalups,1998).In fish, gill epithelia
are impaired by acute exposure to
HgCl2 (Lock et al., 1981; Daoust et
al., 1984; Allen, 1994; Oliveira Ribeiro et al., 2000; Gupta and Dua,
2002).In the shark rectal gland, a
marine organ highly specialized for
NaCl secretion (Forrest, 1996; Silva
et al., 1993), inorganic salts impair
chloride secretion, whereas organic
mercurial compounds have no effect
(Silva et al., 1992).
Mercury is a heavy metal that affects
the activity of several enzymes, ion
channels or receptors (Prabhu and
Salama, 1990; Boraso and Williams,
1994; Hulme et al., 1990; Chiamvimonvat et al., 1995) by combining
with SH groups (Halbach, 1990) that
are necessary for their normal function. Mercury causes depression in
papillary muscles (Halbach, 1989;
Oliveira et al., 1994a; Vassalloet al.,
1999) and ventricular pressure in vivo and in vitro (Su and Chen, 1979;
Rhee and Choi, 1989; Massaroni et
al., 1992, 1995).
Hg clinhibits sarcoplasmic reticulum
activity (Ahammad-Sahib et al.,
1988; Hechtenberg and Beyersmann, 1991; Temma et al., 1978)
J. Vet. Anat.
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Organic and inorganic mercury disrupt ion channel functions so disturb
cellular homeostatsis and synaptic
transmissio(Sirosis, 1996). Mercury,
both the organic and inorganic forms,
inhibits protein synthesis in neural
tissue (Verity et al., 1977; Cheung &
Verity, 1983); however, in other reports Hg stimulated protein synthesis.Human monocytes treated withmercury also exhibited changes in
lipid organization within theirplasma
membranes. (InSug et al.,1997).The
hemolyticaction ofmercuric ions on
the erythrocytemembrane was studied. (Zolla et al., 1997)

Materials and Methods

Zebrafish Embryos
Adult fish were raised and kept under
standard laboratory conditions at
28.5◦C (Westerfield, 2000) in the
Department of Biology at Texas A&M
University. Male and female adult
zebrafish were paired in the evening
and fertilized embryos were obtained
at 10 to 11 AM the following morning.
Medium, consisting of ultrapure water containing low concentrations of
specific ions and adjusted to pH 7.2,
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zebrafish embryos were tested. The
24-well plateswere covered with low
evaporation lids and incubated for 96
h at 28.5◦C (Thelco Laboratory Incubator; Cole-Palmer Instrument, Vernon Hills, IL, USA).

was used to maintain the developing
zebrafish embryos and was freshly
prepared for each experiment according to Westerfield (2000). All
zebrafish embryos were staged and
fixed at specific hours post fertilization (hpf) as described by Kimmel et
al. (1995). Both adult and embryonic
zebrafish embryos were maintained
according to protocols that were carried out in accordance with the National Institutesof Health Guide for
the Care and Use of Laboratory Animals (National Institutes of Health
Publication No. 85-23, revised 1996).

Morphological Assessment
The effects of exposure to different
concentrations of mercuric cloride on
zebrafish embryo morphology were
assessed at 30, 48, 72, and 96 hpf,
using a SZ-40 binocular microscope
(Olympus, Center Valley, PA, USA).
Images of embryos at different hpf
were captured using an Eclipse E400
microscope equipped with a 2× objective, a DXM1200 digital camera,
and ACTI imaging software (Nikon
Instruments, Melville, NY, USA).
Zebrafish embryos were examined at
room temperature (25◦C) to monitor
the developmental stage, mortality,
hatching, response to touch, and the
presence of any deformities. Dead
embryos were removed at each
monitoring time point and all surviving embryos were photographed.We
used Image J software for measurement of the embryos).

Mercuric chloride Preparation
Mercuric chloride was conducted in
24-well flat bottom plates with low
evaporation lids (BD Biosciences,
San Jose, CA, USA). The total volume of zebrafish medium in each
well was 2 ml. Four wells on each
plate were used for negative controls
and contained only zebrafish medium. Four wells on each plate were
usedas positive controls and contained zebrafish medium with 2%
ethanol (Mindel, 2000). The remaining 16 wells were divided into four
wells, each containing 2 ml of
zebrafish embryo medium and one of
four different doses of mercuric chloride (5, 10, 50, 80, 100, 200, 500,
1500 ppb hg cl). Two - fourzebrafish
embryos 6 hpfwere added to each
well, the 24-well plates were prepared in duplicate and a total of 96
J. Vet. Anat.

Statistical Analysis
Each treatment group consisted of
eight individual values. One-way
analysis of variance (ANOVA) was
performed to assess differences
among concentrations of mercuric
chloride expressed as mean ±
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standard error of the mean (SEM).
Significance was set at p ≤ .05 and
treatment mean comparisons were
made using multiple comparisons
Duncan’s
difference
procedure
(Duncan 1955).

ppb Hg cl are shorter than the control
and that exposed to 5, 10 and 50
ppb Hg cl (Fig1). We also measured
the yolk sac area of the larvae at 96
hpf, we found the yolk sac of the
control and embryos exposed to 80
ppb Hg cl are larger than that of the
control and that of the embryos exposed to 5 and 50 ppb Hg cl (Fig
2).Regarding the eye area of the larvae at 96 hpf, we found the larvae of
the embryos exposed to 50, 80, and
100 ppb Hg clare smaller than that of
the control and that of the embryos
exposed to 5 and 10 ppb Hg cl (Fig
3).

Results

At 96 hpf, Noneof the larvae exposed
to 2% ethanol and1500 ppb Hg cl
were alive. We first performed morphological assessments at 96hpf,
zebrafish embryos not exposed to
mercuric chloride or ethanol (i.e.,
negative-control embryos) exhibited
normal age-specific developmental
features, including rapid lengthening
of the body; straightening of the body
axis from its curvature around the
yolk sac, blood vascular circulation is
established with a beating heart, initiation of epidermal pigmentation. No
deformities were observed in the
head, eyes, yolk sac, trunk, or tail of
control zebrafish embryos at 96hpf.
Embryos exposed to 10 and 50 ppb
hg cl also displayed only lower pigmentation as shown in Fig(4),plus tail
twisting in about 75% of the embryos
exposed to 80 and 100 ppb Hg cl
(Fig4). So these results declared the
developmental toxicity of the Hg cl
while the same dose of Hg cl killed
all embryos at 72 hpf.

In case of embryos exposed to 200
ppb hg cl, the massive degeneration
of the whole body of the larvae is quit
clear (Fig 4). Negative-control zebrafish embryos and that exposed to 5,
10, and 50 ppb Hg cl revealed significant development in all primary organ systems, but especially in the
head and pectoral fins, as shown in
Fig (4).
Starting at 24 hpf, zebrafish embryos
begin to show motor responses to
touch as well as spontaneous movement of the body; the tail coiled rapidly followed by a slower relaxation
phase. Negative-control zebrafish
embryos and embryos exposed 5,
10, 50 ppb Hg cl exhibited normal
spontaneous movements and rapidly
responded to touch.

We measured the length of the
zebrafish larvae at 96 hpf. We found
the embryos exposed to 80 and 100
J. Vet. Anat.
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Discussion

Verity, 1983). However, the results of
the larval length indicate that the
harmful effect of the Hg cl on the
zebrafish embryos begins at 80 ppb
concentration. This study is the first
record to show these results in
zebrafish. The toxic effect of mercury
might be due to killing and decreasing the metabolism of the cells, these
results are supported by our results
of the yolk sac area which was larger
in the larvae of the embryos exposed
to 80 ppb than that of embryos exposed to 5, 10 and 50 ppb Hg cl.
Membrane fluidity also controls the
enzyme activities associated with
biological membranes and has an
important role in ion transport (Ma
and Xiao, 1998).

The increasing public concern over
environment pollution from industrial
and agriculture sources has encouraged scientists to explore the effect
of these polutants. The developing
zebrafish embryos are becoming an
important vertebrate animal model to
test the potential toxicants and to
study mechanisms of toxicity. In this
study, we observed that exposure of
developing zebrafish embryos to low
concentrations of hg cl adversely affect the development, whereas higher concentrations were lethal. Hg cl
is present in the industrial wastes.
The observed toxic effects of hg cl
on zebrafish embryos at concentrations 5, 10, 50, 80, and 100 ppb
might be due to that Hg cl acts selectively on microtubules (Sager , 1988)
or due to inhibition of protein synthesis in the neural tissue (Verity et al.,
1977; Cheung & Verity, 1983).
Our results of the larval length indicates that the zebrafish embryos exposed to 80 and 100 ppb mercuric
chloride showed decreased embryonic development with respect to
hatching time compared to nonexposed negative-control and that
exposed to 5, 10 and 50 ppb Hg cl
embryos. While the eye area results
proved that the decrease of the embryonic development begin at 100
ppb Hg cl and this may be due to inhibition of protein synthesis in neural
tissue (Verity et al., 1977; Cheung &
J. Vet. Anat.
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Fig (1): A histogram showing the effect of Hg cl on the larval length of zebrafish.
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Fig (2): A histogram showing the effect of Hg cl on the larval yolk sac area ofzebrafish.
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effect of hg cl on the size of the eye of zebrafish embryo
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Fig (3): A histogram showing the effect of Hg cl on the eye area of zebrafish larva.
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Fig (4): Aa photograph of zeprafish embryo control (A), hg cl treated at doses 5 ppb (B),
10 ppb (C), 50 ppb (D), 80 ppb (E), 100ppb (F) and 200 ppb (G &h).
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