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Mercury iswdm'mm.wsmm.mmmwwm. Humans can
be exposed to mercury. by consumption of mereury centaminated fish. Therefore, it is most appropriate model to
use fish as environmental marker of mercury contamination. The purpose of this study is to investigate acute
mercury texicity in tilapia (Oreochromis nilolicus) via "mﬂﬂm autometallography, Hg analysis by ICP-
AES methed and detecting metallothionein protein by immunohistochemistry techniques and metallothionein gene
expression. Tilapias were divided into twelve experimental groups and one control group. The expermental
groups included intraperitoneally injected with 0.5, 1, 2, 5 pg/g mercunic chieride (HgCL,), oral administration with
05, 1, 2, 5 pgig HGCl, , and 05, 1, 2, 5 pg/mi HGCL semi-static expasiire groups. All fish showed the clinical
appearance of respiratory failure followed by desth in 2 and 5 pg/mi HgO!, semi-exposure groups on first day
(day 0) of experiment. The major histopathological lesions includes tubulonephrosis, increasing immature
nephmns,mdepndldwmﬂhmw.mmmtwcﬂhw.w
losing of fat storage, degeneration of hepalocytes, and pancreatic atrophy in hepalopancreas. Following
autometalograpty, sitver-enhanced Hg grains were visuaiized n“lﬁhm MMCs in spleen and in
pancreatic acini mwmmmmmmﬂmﬁM|mmmm
routes and doses of HgCl,. The semi-exposure groups and higer concentration produced more grains than other
routes and lower conceniration. An expression of metallothionein (MT) protein revealed in renal tubular epithelium,

MMCs in spleen, and pancrealic. acini of 0.5, and 1 pg/m! ‘semi-static esposure groups after day 9 and 6
respectively. From this present study, it concludes that patholegical lesions, automatallography, expression of
metaliothienein protein by immunohistochemistry can be used to investigate acute mercury toxicity in tilapia.
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CHAPTER |

INTRODUCTION

Mercury (Hg) is a heavy metal that ean.be contaminated in a natural water
sources. It causes numerous health problems in human such as abnormalities of
nervous system, kidney.and.immunity damages. Moreover, it is a carcinogen and
mutagen (ATSDR, 1999; WHQ, 2003; Zahir et al., 2005). Human is able to receive
mercury from.many ways, e.g. vapor inhalation, accidentally direct ingestion and
especially consuming mercury contaminated fish (Qliveira Ribeiro et al., 1996; Oliveira
Ribeiro et al., 1999; Limke et al., 2004; Drevnick et al., 2006). Given that human is on the
top of the food chains, therefore human might be get a high level of Hg from
bioaccumulation process (Raldua et al., 2007).

Up to date, the standard method to determine heavy metal contamination is
measuring level in the natural water sources. This method can identify types and
measure heavy metal levels in the water but it cannot measure the level in fish that
people might .consume. Using natural-source-water fish as environmental biomarker is
very useful worldwide and may help to assess the risk of Hg consumption of human
(Oliveira Ribeiro, et al. 2002; Jewett and Duffey, 2007; Raldua et al., 2007).

Tilapia fish is.a widely distributed fresh water fish that is important in world
fisheries (Eroglu et al., 2005). There are about 100 species and subspecies, such as
Orechromis niloticus, O. mossambicus, and O. aureus, and hybrids between them.
Tilapias are omnivous capable of rapid growth, being sexually mature at 6-7 months
from hateh ‘and marketable at this age (Maclean et al., 2002)." Tilapia (Oreochromis
niloticus) is one of most favorite fish in Thai cuisine. Tilapia cultures made the highest

yields and total values of production more than all freshwater fish (Fishery Statistic



Analysis and Research Group, 2005). Types of tilapia cultures include pounds, ditches,
paddy cums, and cage cultures. The tilapia cage cultures almost involve natural water
sources therefore tilapia can directly expaose toxic substances and chemicals, including
Hg, that contaminate in water. Moreover, the long period of culture time (more than 6
months) increases a chance of Hg exposure in-tilapia but might not cause their
abnormalilties. Tilapia is the fish species that tolerant to water pollutant therefore it is
popular to use in the-environmental toxicological studies (Chan, 1995; Lam et al., 1998;
Atli and Canli, 2003; Cheung et al., 2004; Cheung et al., 2005; Eroglu et al., 2005).
Although there is numerous information of Hg toxicology in many fish species but not in
tilapia that still has a few researches. Therefore, the studying of Hg toxicity in tilapia by
using histopathology technique together with  high specificity and sensitivity
determination methods will advantage to use as biomarker and apply to appropriately
diagnose heavy metal contamination in the future.

The objective of the present study is to investigate acute mercury toxicity in
tilapia (O. niloticus) by histopathological changing, autometallography and inductive
coupled plasma atomic emission spectrometry (ICPS-AES) for.mercury tracing in fish
tissue, and detecting of metallothionein protein by immunohistochemistry method and

metallothionein gene expression.



CHAPTER I

LITERATURE REVIEW

2.1 Mercury

Mercury (Hg) is a-hightoxic. heavy metal that can be categorized into three
different categories, its.compounds include elementary Hg (Hgo), inorganic Hg or Hg
salts, and organic Hg (WHQ, 2003). In general, elementary and inorganic forms are the
common forms found in nature. Elementary Hg may occur in both liquid and gaseous
states. Elementary Hg is the most volatile form of mercury. It can evaporate into Hg
vapor and release into the air. Hg vapor can change to other forms by passing through
rain and snow which can enter to soil and water sources. Inorganic Hg occurs as salts
of its divalent (Hg2+) and monovalent cationic (Hg+) forms. Inorganic Hg compounds,
such as phenyl mercury, mercuric chloride (HgCl,), mercurous chloride (Hg,O,),
mercuric sulfide (HgS), have lower toxicity than organic compounds, such as methyl
mercury (CH3Hg+), that are very volatile and able to be absorbed into the body through
all portals including skin. Biotransformation of inorganic Hg to methyl mercury by
aqueous microorganisms is very important as methyl mercury bioaccumulates.
Inorganic. Hg can change into organic _form by methylation which depended on
Escherichia sp., Enterobacter sp., Streptococcus sp., and Bacillus sp. Bacteria and can
be absorbed by phytoplankton, or be ingested by zooplankton, other microorganisms,

or fish (WHQ, 2003).



2.2 Mercury sources

Mercury is released into environment from both natural and human sources.
Natural sources, primarily in the form of elementary Hg. include volcanic activity,
degassing from rocks and soil and volatilization from the ocean. Hg pollution in water
sources has received a great-amount of concerning since the first discovery of Hg as
the cause of Minamata«disease in Japan in the 1950s (Raldua et al., 2007). Nowaday, it
is found that mercury cause many diseases; Minamata disease, acrodynia (pink
disease) and ‘Mad Hatter’'s disease (Bernard et al., 2001). Hg contaminates to the
environment is almost from human activities including industrial wastes, agricultural
residues such as fertilizers, pesticides, fungicides, medical residues, such as
disinfectants (Pandey et al., 2005), and wastes from communities (Table 1). The
important routes of mercury intoxication are inhalation Hg vapor and ingestion of the
contaminated food especially fish (Oliveira Ribeiro et al. 1996; Oliveira Ribeiro et al.,
1999; Limke et al., 2004; Drevnick et al., 2006) and seafood (ATSDR, 1999). Fish and
aquatic mammals used as food sources are important sources of Hg in some population
(WHO, 2003). Organic Hg can deposit in fish tissue for a very long time given that Hg
will catch carbon atoms in fish proteins. World health organization (WHO) determined
the high level of methyl Hg daily consuming is 0.2 mg and total Hg daily consuming is

0.3 mg during 1 week (Woshiner et al., 2002).

2.3 Mercury toxicity in human and mammals

Acute poisoning is the major threat, but Hg is a cumulative heavy metal,
subacute and chronic intoxications are also seen. Human received Hg from inhalation

and ingestion (Hansen and Danscher, 1995). Accidental exposures to volatile Hg



compounds usually occur when people breathe them into the body. Hg absorption
through skin also leads to a systemic poisoning. After mercury exposure, Hg circulates
via blood and lymphatic system through the body. In the body, Hg combines with
sulfhydril groups in the cells and depresses the enzymatic system of the cells. Hg will
deposit in renal tubular epithelia and nerve cells-in the brain (Zahir et al., 2005).
Repeated exposure at high levels can harm the central nervous system and cause
mood swings, shaky hand, difficult to walk, slurred speed, hallucinations, and loss of
memory and concentration. Hg can inhibit enzymatic process in glucose metabolism
which damages the nervous system, brain, kidney, and other tissues. Moreover, it is
carcinogen, mutagen, and can deposit and pass through the next generation (Shimada
et al., 2004). Hansen et al. (1989) had reported that they found Hg in all organs of the
dogs that were fed with food contaminated with methyl mercury. The highest deposit
was found in the kidneys meanwhile the gastrointestinal organs and skeletal muscle was
less found. In the nervous system, it can find unusual distribution of Hg, aggregation in
all area of cerebral hemispheres, brain cord, spinal cord, and nerve cells including
astrocytes, microglia, and endothelial cells. Moreover, Hansen and Danscher (1995)
found that mesenteric lymph nodes, liver and kidneys were the most deposit organs
respectively. It can conclude that lymphatic system is the main route to distribute Hg
through target organs. Parenterally administrated mercuric chloride accumulates
primarilyin kidneys, liver, spleen, blood, thymus, lymph nodes, bone marrow, lungs and
brain.of mice and rats (Loumbourdis and Danscher, 2004). WHO suggests the daily
level of Hg intake could be 0.49 pg per kilogram per day meanwhile US EPA suggests a
reference dose (RFD), that is the amount that could be safety consumed every day over

a person’s lifetime, could be 0.1 ug per day.



Table 1 Sources of mercury (Water and Hazardous Substance Management Division.

Pollution Control Department, 2002).

Source Example
Scientific Thermometer, barometer, catalysts, etc.
Medical Pharmaceutical, dental amalgam, antiseptics, disinfectants, etc.
Agricultural Pesticides, fungicides, etc.
Industrial Electrical and electronic devices, textile, paint, chlorine/caustic

soda production, battery, paper manufacturing, etc.

Others Mining, bomb production, waste water, etc.

2.4 Mercury toxicity in fish

Acute mercury toxicity symptoms composed of respiratory abnormality;
increasing respiratory movement, flaring of gill covers, loss of equilibrium, sluggishness
and followed by death. 24-hour lethal concentration 50 (LC,,) of inorganic mercury
(Hg%) in tilapia is approximately 1 part per million (ppm) (NJDEP, 2002). Table 2 also
showed toxic values of mercury in fish species. If fish has been a chronic or sublethal
exposure, it will impact reproduction, growth, behavior, metabolism, blood chemistry,

osmoregulation and.oxygen exchange in marine and freshwater fish (NJDEP, 2002).

2.5 Histopathology of mercury toxicity in fish and some marine mammals

Histopathology, detecting early effects in cells, tissues and organs, is now
largely used in fish to evaluate the toxic effects of exposure to pollutants (Oliveira
Ribeiro et al., 2002; Oliveira Ribeiro et al., 2006; Mela et al., 2007). The histopathology

lesions vary from types of fish in previous experiments.



Table 2 Toxic values of mercury for fish species (NJDEP, 2002).

Organism Hg™ (ugll) Methyl mercury (ug/l)

Acute (LC,,)  Chronic (EC,,) Acute (LC,,)  Chronic (EC,,)

Fresh water fish  0.03 (quppy) to - Not available <0.23 (minnow) 0.29 (brook

1 (tilapia) to <0.26 trout) to 0.93

(minnow) (brook trout)

Rainbow trout 0.15510 0.420 ~ 24 to 84 Not available Not available
Salt water fish 0.036 (juvenile’ = 51.1 Not available Not available

spot) to 1.678 (mummichog)

(flounder)

2.5.1 Liver/ hepatopancreas

Refers to the reports of Raldua et al. (2007) which found that barbels (Barbus
graellsii) showed disruption of the normal morphology and degeneration and necrosis of
hepatocytes. Ceroid-lipofuscin pigments increased. in liver. The pathological findings in
the liver of arctic charr (Salvelinus alpinus) included severe necrosis and cytoplasm
abnormality. of hepatocytes. Lipid deposition within hepatocyte cytoplasm was
remarkable reduced, heterochromatin in nuclei increased and cytoplasmic membrane
became barely visible. Massive necrosis and increasing of connective tissue with
infiltration of ;phagocytes around those lesions were also observed (Oliveira:Ribeiro et
al., 2002). The study in bleak (Alburnus alburnus) presented multifocal inflammation,
such as granuloma, zonal macrovesicular steatosis with deposition of lipids .in the
cytoplasm. and" degeneration” of hepatocytes (Raldua et al., 2007). Channel. catfish
(lctalurus™ punctatus) “also have many histopathological changes. The hepatic
parenchyma was observed a suppurative perihepatitis. The exocrine pancreatic tissue

became shrunken and pancreatic cells appeared disorganized and degenerated. The



desquamation of bile duct epithelium also was found (Kendall, 1977). Liver from
inorganic Hg-exposure beluga whales (Delphinapterus leucas) showed moderate to
severe diffuse hepatocellular atrophy, multifocal talengiectasia and focal or multifocal
fibrosis with bile duct proliferation. Mild periportal hepatitis was also found (Woshner et

al., 2002).

2.5.2 Kidney

The previous study described that the hematopoietic tissue of arctic charr
(Salvelinus alpinus) increased red blood cells, macrophages and pyknotic nuclei after
exposed to inorganic. mercury (Qliveira Ribeiro et al.,, 2002). Wolf fish (Hoplias
malabaricus) was observed the presence of necrotic areas and atypical cells in the
head of kidney. Melanomacrophage centers (MMCs) also increased the prevalence in
the head of kidney (Mela et al., 2007). Histopathological findings in bowhead whales
(Balaena mysticetus) which expose to inorganic Hg examined a generalized mild to
moderate non-inflammatory periglomerular and interstitial renal fibrosis and renal
lithiasis. The beluga whales were also found mild to moderate Bowman’s capsular
fibrosis accompanied by mild increase in mesangial matrix and renal lithiasis (Woshner

et al., 2002).

2.5.3,Gill

The presence of exfoliative epithelium with detachment, vacuolation of
epithelium cells and edema were seen in arctic charr (Salvelinus alpinus). Mercury
exposure can induce an expansion of the vessel lumen and aneurysms (QOliveira Ribeiro
et al., 2002). The morphological alteration occurred on the secondary lamella of catfish

(Trichomycterus zonatus). The squamous epithelium and extensive epithelial



hyperplasia resulting in the formation of an intralamellar bridge was also found (Oliveira

Ribeiro et al., 2000).

2.6 Monitoring of mercury contamination

2.6.1 Mercury levels in fish tissues

Hg and other heavy metal concentrations in fish have been determined in
tissues (Dang et al., 1999; Woshner et al., 2002; Quirés et al., 2007; Wu et al., 2008).
The analytical methods Use atomic absorption spectrometry (AAS), atomic fluorescence
spectrometry (AES) or neutron activation analysis (NAA), Mass spectrometry (MS),
spectrophotometry, ~anodic stripping - voltametry (ASV). The most commonly used
method is cold vapor (CV) AAS. Excellent accuracy methods have also been
demonstrated with "gas chromatography (GC), microwave-induced plasma atomic
emission detection. Inductive coupled plasma-atomic emission spectroscopy (ICP-AES)
and ICP-MS can also used to accurately determine total Hg, but less precision (ASTDR,

1999; WHO, 2003; Han et al., 2006).

2.6.2 Autometallography

Autometallographic (AMG) is a potent histochemical technique that aids to
visualize variety of metal containing nanocrystals, such as gold (Au) and silver (Ag)
nanoclusters and quantum dot of bismuth (Bi), zinc (Zn), mercury (Hg), cadmium (Cd),
copper (Cu) and etc (Danscher, 1984; Danscher and Nergaard, 1985; Danscher et al.,
2000; Woshner et al., 2002; Loumbourdis and Danscher, 2004; Alvarado et al., 2006;
Danscher and Stoltenberg, 2006). It has been used to determine which cell-types are
involved in metal accumulation in fish and many species (Alvarado et al., 2006). Small

nanocrystals can be enlarged by silver enhancement to dismensions that can be seen
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under light and electron microscopes (Danscher and Stoltenberg, 2006). Basic
principles are adherence of silver ions (Ag’) to the surface of the catalytic crystal and
become a part of the crystals and then reduced to silver atoms (Ago) by electrons
released from reducing molecules (Danscher, 1984; Danscher et al., 2000; Woshner et
al., 2002; Loumbourdis and Danscher, 2004; Danscherand Stoltenberg, 2006).

Hg autometallography can be used to trace mercury accumulation bound by
metabolic processes as mercury sulphide/selenide clusters in tissues (HgS/SeAMG)
(Loumbourdis and Danscher, 2004). Shirabe (1978) ever used this technique to identify
Hg contamination that was found in lysosomes of Minamata disease victims’ celebellum.
Additionally, the release of Hg from amalgam can be detected by autometallography
which was found dissemination of Hg to the spinal ganglia, pancreas, lungs and
pituitary gland (Danscher and Stoltenberg, 2006). Hg can also be demonstrated in
lysosomes of the proximal renal tubules of rat after intraperitoneally administration of
HgCl, (Nergaard et al., 1994). A distribution of mercury in the tissue is depend on the
sources, types; organic or inorganic and routes of administration (Loumbourdis and
Danscher, 2004). In marine mammals, the bowhead and beluga whales were found Hg
deposits in the kidney and liver among high Hg tissue concentrations especially in the
renal epithelium of medullary tubules and collecting duct of their kidneys and in the
hepatocellular cytoplasm and the Kupffer cells near portal triads of their liver (Woshner
et ak, 2002). Although there are a lot of researches study the distribution of mercury in
mammals but fewer in fish and aquatic species (Alvarado et al., 2006). The previous
research studying in Juvenile rainbow trout (Sabno gairdneri) found Hg deposit within
lysosomes and extracellularly in the basal lamina of proximal tubules of kidney and
within lysosomes of the hepatocytes after exposed to HgCl, for 14 days (Baatrup et al.,
1986). The other studies in the mussel (Mytilus galloprovincialis) found that black silver

deposits of Hg were localized mainly in the residual bodies and heterolysosomes of
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epithelial cells of digestive tracts, and revealed in the laterofrontal and abfrontal
epithelium of the gill flament after 30 and 60 day of Hg exposure (Dimitriadis et al.,
2003). An additional experiment described Hg deposition as silver grains visualization in
red blood cells and hepatic sinusoids, bile canaliculi and apical part of frog (Rana
ridibunda) hepatocytes after 1-day exposure and found in endothelial and Kupffer cells

of hepatocytes after 6-day-exposure (Loumbourdis and Danscher, 2004).

2.6.3 Metallothionein

Metallothionein (MT) is a low molecular weight (6,000-7,000) and cystein-rich
protein with highly affinity for divalent cations such as Agz+, cd”’, cu”, zn"" and Hg2+
(Chan, 1994: Chan, 1995; Burkhardt-Holm et al., 1999; Lau et al., 2001; Atil and Canli,
2003; Eroglu and Canli, 2005; Shimada et al., 2005; Alvarado et al., 2006; Wu et al.,
2008; Gao et al., 2009). MT is found to have extensive homology among amino acid
sequence from diverse species from fungi, invertebrates, such as crab, and mussle,
vertebrates such as fish (Chan, 1994; Cheung et al., 2004) and mammals including
human (Shimada et al., 2004). Although the role of MT still unclear, it believe that MT
involved in regulation of essential metals such as Zn and detoxification of non-essential
metal ions such as Cd, Pb (Cheung et al., 2004) and Hg (Chan, 1994). There was a
research in human that showed MT increasing in gingival amalgam tattoo patient. The
researchers suggested that synthesis of MT would be expected ‘to be upregulated
initially. after exposure to amalgam, important role in metal detoxification in local and
systemic tissues (Lau et al., 2001). In fish, pre-exposure. to sublethal levels of metal
result in the induction of MT (Chan, 1994). Chan (1995) also reported that heavy metals
can induce MT gene and protein in many fish species and can reduce potential toxicity
of heavy metal residues therefore it can be used as biomarker for heavy metal

contamination in polluted waters (Burkhardt-Holm et al., 1999 ; Cheung et al., 2004;
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Cheung et al., 2005; Quiros et al., 2007). The methods to detect MT is mainly by
measuring MT protein levels (Quiros et al., 2007), such as high performance liquid
chromatography (HPLC), examine MT protein in tissues with immunohistochemistry
technique (Shimada et al., 2005; Alvarado et al., 2006; Gao et al., 2009) and also
investigate MT gene ormRNA expression (Chan,-1994; Chan, 1995; Lam et al., 1998;
Cheung et al., 2004). Previous_study reported that detecting MT liver, kidney, and gill
MRNASs expression.in Cu2+, Cd2+, Hg%, Ni2+, Pb" " and Zn"" exposure tilapia by reverse
transcriptase polymerase: chain reaction (RT-PCR) \is high sensitivity and there is
significantly increasing of mRNA in treated groups when compares with control group
(Cheung et al.,.2004). In addition, higher level of heavy metals can affect level of MT
than lower levels (Chan, 1995). Alignment determination of amino acid sequences in
many species of fish MT showed highly conserved and the 20 cysteine residues remain
unchanged (Figure 1) (Chan, 1994). In tilapia,.there are several studies of MT mRNA
and gene expression. Nucleotide sequences of O. aureus and O. mossambicus have

1,452 base pairs (bp) and 1,426 bp, respectively (Figure 2) (Cheung et al., 2005).

MDPCECSKTGTCNCGGSCTCKNCSCTTCNK SCCPCCPSGCPKCASGCVCKGKTCDTTCCQ (1)
—————————— S=m=-——-K-8§==B==5-K-A-—-D-=====5-———— b ——5-——  (2)
—————————— S50 ——kK-5—-353—-5K- ———D-5—F——FF ———-5—— (3]
AT-K-T--Q K S NS--58 (4)

A “AT=ReT K F-Sf -5 N-NS-GSS (5)
------ D101 A0 10020 D 1A €% £ (6

Figurei1 Amino acid sequences of (1) winter flounder MT (2) rainbow trout MT-A (3)

rainbow trout MT-B (4) stone-loach MT (5) goldfish MT and (6) tilapia MT (Chan, 1994).
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1 GGTTGTTCAA CATCATGATG ACTATATTAT TTTTTATTAT GGAAAAATGA GCAAGACTGA
GGTTGTTCAA CATCATGATG ACTATATTAT TTTTTATTAT GGAAAAATGA GCAAGACTGA

61 GGAGTCACAC GATATATTAA ATGAATTATT ATTTTAGATT TGGATTTAGG ATACTTAATG
GGAGTCACAC GATATATTAA ATGAATTATT GTTTTAGATT TGGATTTAGG ATATTTAATG

121 TGGATTTTTA CTCCAGTGAA ATGATCGCAC TATCAAAATA ATACCGGCAT AGAGTGTATT
TGGATTTTTA CTCCAGTGAA ATGATCGCAC TATCAAAATA ATACCGGCAT AGAGTGTATT

181 AGTTTCAATT AATTAAGTAC GAGGTTAAST TTGGAATGAAR AAGAATGAAR AAATACTGCA
AGTTTCAATT AATTAAGTAC AAGGTTAAGT TTGGAATGAR AAGAATGAAR AAATACTGCA

241 CGGAAATGTT TTCTETGAAG AATCTTCGCA GATGCTGAAA AGTTTTTTTG TAATTTTTAA
CGGAAATGTT TTCTGTGAAG AATCTTCGCA GATGCTGAAAR AGTTTTTTTG TAATTTTTAR

301 AATAATACTG TTGGIGATAA TTCETGCGCCCATCCACCCA ACATCCTCTC ATATTAGCCC
AATAATACTG TTGGTIGATAA TTCGTGCGCC CATCCACCCA ACATCCTCTC ATATTAGCCC

361 CAAATGGTTGE TATAAATTCA CTTCAGGCCA TATAAAACTA AGACGTCCTG ATGGGAGACC
CAAATGETTG TATAAATTCA CTTCAGGCCA TATAAAACTA AGACGTCCTG ATGGGAGACC

421 CGCACTTCAT GTAGCCCATT CTAAATGAAT CCGTGTGTTG GTGAGCGTTT GTGACCGTGT
CGCATIGTAGC CCATTCTAAR TGRAATCCGIG TGITGGIGAG CGITTGTGAC CTTGTGTITCA

481 GTTCAGATCT CCETGTAGCC TGGAGATGTT CTCCTICTGTT TACATACATG AATTAATTGC
GATCTICCGETG TAGCCTGEGAG ATGTTCTCCT CTETITTACAT ACATGAATTA ATTGCATGGT

541 ATGGTTGAAT TTCTCCAGAA GTTGACGTTC TTATATAATG TTCAGGCAGC AGGCCATAGA
TGAATTTCTC CAGAAGTTGA CATTCTTATA TAATGTTCAC GCAGCAGGUC ATAGATCTGG

601 TCTGGGTATG AGGATCTCTC TGTTCCCGCT GCTGARAGGT TGTCGTGTGC ACAACCTCTT
GTATGAGGAT CTCTCTGTTC CCGCTGCTGA AAGGTTGTCG TGTGCACAAC CTCTTCGTAA

661 CGTAATCATT AACCACGTGC TTECETETAG CGTGACAGGE GTGTATTGCA CTCGGCTCTG
TCATTAACCA CETGCTTGCG TGTAGCEGTGA CAGGCGIGTT TTGCACTCGG CTCTGTTGTT

721 TTGTTCTCAG GACGCTATAA AAGAGUCCACT CCTACACCGT CATTCACAAC ATTCATTCAA
CTCAGGACGC TATAARAGAG CCACTCCTAC ACCATCATTC ACAACATTCA TTCAAGTCCC

781 GTCCCGAAGA GACAAGAGCA ACGCCAGCAT CACTCGGAAC ARACGAGCCA TCAACTGCAA
GAAGAGACAR CGAGCAACGCC AGCATCACTC TGAACAARCGE AGCCATCAAC TGAAAAATGG

841 AATGGACCCC TGCGAGTGCE CCARAGAGTGA GTGTTCCTGC CGCTGTTTAA CAAGGCTATT
ACCCCTGCGA GTGCGCCAAG AGTGAGTETT CCTGCCGCTG TTTAACAAGG CTATTTAATA

901 TAATACGCTG CTTGTTACCA GCGGACCGCA TGAAACTTAA CTGTCTTTTT TATGTTCAGC
CGCTGCTTGT TACCAGCGGA CCGCATGAAA CTTAACTGTC TTTTTTATGT TCAGCTGGAA

961 TGGAACCTGC AACTGCGGAG GATCCTGCAC GTGCACAARAG TGCTCCTECA AGAGCTGCRA
CCTGCRACTG CGGAGGATCC TGCACGTGCA CAAAGTGCTC CTGCAAGAGC TGCRAAGAAGA

1021 GAAGAGTAAG TCAAACACCT CACAGCACAG CAAACAATCT ATCGACCTGT TAATGTTACG
GTAAGTCAAZ CACCTCACAG CACAGCAAAC AATCTATCGA CCTGTTAATG TTACGCTCCT

1081 CTCCTGTTTA TCTTCCCAAG TAACATGCAT AGTGTGACGA TGGTCTCTTA TAGTCATGTC
GTTTATCTTC CCCAGTAACA TGCATAGTGT GACGATGGTC TCTTATAGTC ATGCCCCATT

1141 CCATTTCTTC AAAATTGCAC ATTTGATGCC TTTTTTTTTT TAATGE@TGCG CAGGTGGCTC
TCTTCAAAAT TGCGCATTTG ATGCCTTTTT TAATGCTGCG CAGGTGGCTC TAATTGCTTT

1201 TAATTGCTTT AATGACTTAA GTTCTTGTTT TCITGTGTTC TGTCACTAAT GATGTCTGTC
AATGACTTAA GTITCITGITT TCTTGIGTTC TGTCACTGCA GGCTGCIGCG ACTGUTGCCC

1261 ACTGCAGGCT GCTGCGACTG CTGCCCATCC GBGCTGCAGCA AATGCGCCTC TGGCTGCGETE
ATCCGGCTGC AGCAAATGCGE CCTCTGGCTG CGTGTGCAAA GGAAAGACAT GCGACACCAG

1321 TGCAAAGGAA AGACATGCGA CACCAGCTGC TGCCAGTGAG GAGTCTGCAG CATCAGCTCT
CTGCTGCCAG TGAGGAGTCT GCAGCATCAG CTCTCTGCTG CAATTATGGA GTCATTTATT

1281 CTIGCTGCAAT TATGGAGTCA TTTIATTTGCC ACTAATCATG AATTTGCACA TGTCCAGARAA
TGCCACTAAT CATAMRATTTG CACATGTCCA CGAAATGATAR CGAATG

1441 TGATAACGAA TG

Figure 2 Nucleotide sequences of O.aureus (upper line) and O.mossambicus (lower

line) MT gene (Cheung et al., 2005).



CHAPTER 1lI

MATERIALS AND METHODS

3.1 Fish

Tilapias (Oreochromis -niloticus) (9-12 cm; 25-50 g) were obtained from
Aquaculture Research Laboratory, Faculty of Veterinary Science, Chulalongkorn
University, Nakhen Pathom Campus. The fish were maintained and the experiment was
conducted at Veterinary Medical Aquatic Animal Research Center, Faculty of Veterinary
Science, Chulalongkorn University Bangkok. All fish- were fed twice daily with
commercially pellet food throughout the experimental period. Fifty percents of the water

in the aquaria was changed and the sediment was suction out every two days.

3.2 Aquaria preparation

The 62.5-liter glass aquaria filled with 50 liter aerated carbon filter water was
prepared. Water temperature, pH and dissolved oxygen (DO) were measured before the

experiment was conducted.

3.3 Mercury exposure

Tilapias were divided into thirteen experimental groups, in each group, twenty
five tilapias were placed in 62.5-liter glass aquaria filled with 50 liter aerated carbon filter
water. Four of the groups were intraperitoneally injected with 0.5 ml of 0.5, 1, 2, and 5
pg/g (ppm) mercuric chloride (HgClL,, Sigma-Aldrich, USA), respectively. Other four

groups were orally administration with 0.5 ml of 0.5, 1, 2, and 5 pg/g (ppm) and the fish
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in the rest of the aquaria were semi-exposed with 0.5, 1, 2, and 5 pyg/ml (ppm) HgCl,

respectively. One aquarium was kept as a negative control groups.

3.4 Tissue sampling

The samples were collected after hypothermic euthanasia every three days for
fifteen days. The specimens are included the kidney, liver, spleen, gill, intestine, brain,
and muscle tissues. The fish then were dissected and examined all lesions. Fish organs
included the qill, kidney, hepatopancreas, spleen, gastrointestinal organ, brain and
skeletal muscle were collected. All samples were divided into 3 parts, one were fixed in
10% buffered formalin and subjected to histopathological, autometallography and
immunohistochemistry examination and one was freeze in -80°C for measuring total Hg
level using ICP-AES method and another one for detecting metallothionein gene

expression by reverse transcriptase polymerase chain reaction (RT-PCR).

3.5 Histological examination, criteria and scores

Samples were fixed in 10% buffered formalin and routine histologic processed,
embedded in paraffin wax, sectioned at 4 ym thickness and stained by hematoxylin and
eosin. (HE).. The . sections. were. observed..under. Jlight .microscope .for noticing

histopathological change of all organs and scored by lesion scores.

3.5.1 Kidney (Trunk)

Kidney lesion was evaluated by an appearance of hydropic degeneration of tubular

epithelium with intracytoplasmic hyaline droplets. Level of kidney damage was divided
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into three according to the following scores (Oliveria Ribeiro et al., 2002; Peebua et al.,
2006).
Score 0: normal kidney
Score +1: mild hydropic degeneration of tubular epithelium
Score +2: moderate hydropic degeneration of tubular epithelium with hyaline
droplets
Score +3: severe hydropic degeneration of tubular epithelium with diffuse

hyaline droplets

3.5.2 Liver (Hepatopancreas)

Hepatopancreatic lesion was evaluated by an appearance of fat storage and
pancreatic acinar atrophy (Oliveria Ribeiro et al., 2002). Lesion score was given as the
following.

Fat storage
Score 0: No fat storage in -hepatocytes
Score +1: fat storage in hepatocytes less than 25%
Score +2: fat storage in hepatocytes about 50-75 %
Score +3: fat storage in hepatocytes more than 75%
Pancreatic acinar atrophy
Score 0: normal pancreatic acini
Score +1: mild pancreatic acinar atrophy.
Score +2: moderate pancreatic acinar atrophy

Score +3: severe diffuse pancreatic acinar atrophy

3.5.3 Spleen
Splenic lesion was evaluated by an increasing of MMCs in white pulp. (Mela et al.,

2007) The score was given as the following.
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Score 0: no MMCs

Score +1: mild increase MMCS

Score +2: moderate inc
Score +3: severe |% //

3.5.4 Gil /

Gill affected was u

Ribeiro et al., 2002). The

Gastrointestinal lesion was-evaluated gastroenteritis, increasing of mucous

glands or goblet cells. The- ‘-!.a vas given
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Brain lesion was evaluated by .hcephalms degen ion and/or neor03|s
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Score +1: mild encephalitis/ degeneration/ necrosis

rate increasidypf mucous glands

Score +2: moderate encephalitis/ degeneration/ necrosis
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Score +3: severe encephalitis/ degeneration/ necrosis

3.5.7 Muscle

Muscle lesion was evaluated by myositis, muscle degeneration and/or necrosis. The
score was given as the following.

Score 0: normal muscle
Score +1: mild myositis/ muscle degeneration
Score +2: moderate myositis/ muscle degeneration

Score +3: severe myositis/ muscle degeneration

3.6  Autometallography.

Autometallography was performed for detecting intracellular mercury deposition.
Sectioned slides were deparaffinized in xylene. for 30 minutes. Other metal residue
elimination was performed by placing the slides in"1% KCN for 2 hours, then washed in
tap water for 1 hour and distilled water for 5 minutes. Silver amplification was performed
by placing the slides in physical developer (50% Arabic gum, 50% citrate buffer, 5.6%
hydroquinone;”and 17% AgNO,) for 1 hour in automatic shaker at 26°C. Then, the
sections were washed in distilled water 5 minutes at 60°C for 3 times and washed in tap
water for 1 hour, then the sections were applied to silver residue elimination method with
10% sodium thiosulfate and Farmer's solution. (20% sodium thiosulfate and 7.5%
potassium ferric cyanide) Then, washed in tap water for 5 minutes and counterstained
with Mayer’'s hematoxylin. The sections were observed under light microscope to identify
cell types and locations of silver grains depasiton. The positive score is depended on

distribution and intensity of silver grains in each cell by mild (+1), moderate (+2), and
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severe (+3) compared to positive control. Positive control was a lung section of mercury-

vapor-inhaled mouse (kindly provide from Prof. Dr. Akinori Shimada).

3.7 Immunohistochemistry

Immunohistochemistry staining-was performed for detection metallothionein
protein by using moneclonal mouse anti-horse metallothionein (MT; EO9, Dako®,
Denmark) as primary.antibedy. with an EnVision' " detection system (Dako®, Denmark).
Briefly, sectioned slides were deparaffinized in xylene for 30 minutes. Antigen retrieval
method was done by autoclaved at 121°C for 20 minutes and microwave technique
(medium degree, 700 watt) for 5 minutes in citrate buffered pH 6.0, blocked
endogenouse peroxidase reaction with 3% H,O, in methanol for 30 minutes and slides
were washed in PBS 5 minutes for 3 times. Then, sections were blocked with 1% BSA for
30 minutes at 37°C and washed in PBS 5 minutes for 3 times. 1:50 diluted monoclonal
mouse anti-horse metallothionein were applied onto section and incubated at 4°C
overnight. After washing section slides with PBS 5 minutes for 3 times, biotinylated anti-
mouse IgG antibody and EnVision polymer (Dako REAL™ EnVision™ detection system,
Dako®, Denmark) was used as secondary antibody and sections were incubated at
room temperature for 45 minutes. After washing with PBS 5 minutes for 3 times, sections
were  stained with :3, 3-diaminobenzidine tetrahydrochloride: (DAB) for 3 minutes and
counterstained with Mayer's hematoxylin. The sections were observed under light
microscope to identify cell types of metallothionein protein in the positive cells. Positive
control was a' section “of canine  mammary adenocarcinoma showed an .intense

cytoplamic expression of metallothionein gene product.
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3.8 Inductive coupled plasma atomic emission spectrometry (ICP-AES)

The frozen samples were grinded, lyophilized, weighed the sample and
recorded. The dry samples were digested with- 10 ml of nitric acid: hypochloric acid
(10:1) overnight. The digested samples were evaporated at 60°C until remaining 1 ml of
solution. After that, the solutions were diluted to 10 ml and subjected to measure Hg
levels with inductive coupled plasma atomic emission spectrometer (Perkin Elmer model
PLASMA-100) at .Scientific' and Technological Research Equipment Center

Chulalongkorn University (STREC). The mercury was reported in ppm per dry weight

(ppM/g).

3.9 Metallothionein gene expression by RT-PCR

3.9.1 RNA extraction

50-100 mg of frozen tissues was homogenized with grinder in 1 ml of TRIZOL
reagent; RNA extraction buffer (Invitrogen®, USA) then mixed 200.pl of chloroform to the
mixture and maintained for 3 minutes at room temperature. The mixture was then
centrifuged at-14,000 G for 10 minutes at 4°C. The colorless supernatant was
transferred to a sterile eppendrof. RNA was then precipitated by the addition of 500 pl of
2-propanol. The mixture was Kkept at room temperature for 5 minutes before
centrifugation at 12,000 G for 10 minutes at 4°C. The supernatant was discarded and
RNA pellets were washed with 75% ethanol followed by centrifugation at 7,000 G for 45
minutes at 4°C. The pellet containing total RNA was air-dried for 3-5 minutes and

dissolved in RNAase-free distilled water.
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3.9.2 Semi-quantitative RT-PCR

Reverse transcription was using total RNA extraction from the hepatopancreas,
trunk of kidney, spleen, intestine and muscle. The reaction was performed in the final
volume of 0.5 pl at 48°C for 45 minutes using kit condition (Access()uickw| RT-PCR,
Promega, USA). Primers were designed from metallothionein sequence of tilapia
(Oreochromis mossambicus) reported in GenBank (AY257202) (Cheung et al., 2004).
Forward primers and reverse primers were TMTB (5'-GAGGATCCTGCTCGTGCACT-3')
and TMTC (5-CAGCAAATGCGCCTCCGGCTG-3), respectively. B-actin was used as
constitutional expression control. B-actin primers were designed from B-actin sequences
of GenBank (AY116536) (Hwang et al., 2003). Forward primer and reverse primer were
5-GCCCCACCTAGCGTAAATA-3 and 5-AAAGGTGGACAGGAGGCCA-3, respectively
(Table 3). For PCR condition, 3 pl of samples were supplemented with the addition of 0.5
pl of forward primer, 0.5 pl of reverse primer, 8 ul of nuclease-free water and 12.5 pl of
dNTP mix (AccessQuiCkTM Master Mix, Promega, USA).

The PCR reaction for metallothionein gene was performed as follow (modified

from Cheung et al., 2004).

Initial denaturation step: 94°C, 2 minutes for 1 cycle
Denaturing step : 94°C, 40 seconds

Annealing step : 58°C, 40 seconds for 30 cycles
Extension step i 72°C, 40 seconds

Then, the samples were held at 72°C for 10'minutes and cooled down to15°C
The PCR products from each sample were applied to 1.5% agarose gel
electrophoresis. Gel was stained with ethidium bromide. DNA bands were visualized

and documented under UV light. The positive band size was in 127 kb.
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TGAggagtctgcagcatcagctctctgctgcaattctgga

End

gtctttatttgccactaatcatgaatttgcacatgtccagaaatgataacggatga

ttttgtacttgtgtttgaaataaacatgtttgttgacgcta

Figure 3 Nucleotide and amino acids sequences of Tilapia cDNA (O. mossambicus)

(Chan, 1994).

Table 3 Primers for RT-PCR.

Primer name

sequences (5'-3’)

Nucleotide position

T™TB GAGGATCCTGCTCGTGCACT 44-63
T™MTC CAGCAAATGCGCCTCCGGCTG 120-140
tActins GCCCCACCTGAGCGTAAATA 1,072-1,091
tActinas AAAGGTGGACAGGAGGCECA 1,118-1,136
3.10 Statistical analysis
Statistical analysis for the histopathology, autometallography,

immunohistochemistry and metallothionein gene expression by RT-PCR were performed

using descriptive statistic analysis. Total Hg levels in fish tissues from ICP-AES were

analyzed using one-way ANOVA and followed by Newman-Keuls multiple comparison

test (p<0.05).



CHAPTER IV

RESULTS

4.1 Tilapia weight and length

An average weight of tilapias was 34.41+£8.22 g. and length was 11.52+1.17 cm.

4.2 Temperature, pHand dissolved oxygen (DO) of water

An average water temperature was 27.14+0.39 °C, pH was 7.30+0.11 and DO
was 9.56+0.60 mg/l.

4.3 Clinical signs and gross lesions

Tilapias of 2 and 5 ppm semi-static exposure groups showed remarkable signs
such as swimming to the surface of the water, increasing respiration by moving gill
opercula in high frequency, splash swimming and following by death one to two hours
after exposure. In intraperitoneal groups, fish decreased moving activity and staying on
aquarium bottom after treatments in the first days of experiment. Two fish of 2 and 5
ppm i.p. groups showed swelling of abdomen after day 3 of intraperitoneal injection of
HgCl, (Figure 4).

No remarkable lesion different among groups and days was observed (Figure 6).
Fish were “injected with 2 and 5 ppm i.p. that had swelling abdomen revealed
accumulation of purulent exudates in.abdomen and abdominal organs adhesion (Figure

5).



Y
4

24

Figure 4 Swelling_eﬁlv!ﬁn'g’—" :
aroup M .- /

r 1 r

Il gro ps reYee1le n0£e ark bLe"'I

Ieéllons A ontrolr B 2 pp'm HgCI |p tilapia, C. 5 ppm Hg&lz,

D.0.5 ppm
HgCl, bath, E. 1 ppm HgCI, bath and F. 5 ppm HgCl, oral administration

tilapias on day 15 of experiment, bar =2 cm.
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4.4 Histopathological lesions

4.4.1 Kidney (trunk)

Degeneration and necrosis of  tubular epithelium were observed in all
experimental groups (Figure 8). Severe tubulonephrosis were found in semi-static
exposure groups and lesion scores were the highest when compared with control and
other experimental groups-(score +3). On the first day.(day 0), lesion scores of 0.5, 1, 2,
and 5 ppm semi-static.exposure groups were +2, +3, +3 and +2 respectively. On day 3
and 6 of 0.5 and 1 ppm semi-static exposure groups, the lesion scores decreased to +2
and +2 respectively and were the lowest in day 12 and 15. On day 12 and 15, the lesion
scores were +1 and +1 in 0.5 and 1 ppm semi-static exposure groups respectively.

Hyaline droplets deposited in degenerated tubular epithelium were also found in
all semi-static exposure groups (Figure 9). In i.p. administration groups, mild to
moderate degrees of tubular degeneration were found. Lesion scores of 0.5, 1, 2 and 5
ppm i.p. groups were +1, +1, +1 and +2 respectively. After day 3, the lesion scores
were +2, +2, +2 and +3 in 0.5, 1, 2, and 5 ppm i.p. groups respectively. On day 15, the
lesion scores were +1, +1, +2 and +2 respectively. The lowest lesion scores were found
in oral groups. On day 0 of experiment, the tubular degeneration. was mild degree. The
lesion scores were +1, +2, +2 and +2 in 0.5, 1, 2 and 5 ppm oral-groups respectively.
After day 3, the lesion scores decreased to +1, +1, 0 and +1 respectively.

Immature nephrons, regeneration of tubular epithelium, were also found in
experimental groups (Figure 10 and 11). The lesion scores are shown in table 4. The
highest scores were showed on day 12 of 5 ppm i.p. group (score +3). Inall semi-static
exposure groups, the lesion scores.of immature nephrons were +1 in day 0, 3, 6, 9 and
15.

Pleomorphic crystals also deposited in tubular lumen in experimental groups
(Figure 12). Severe tubular crystals (score +3) were found in semi-static exposure
groups from day 0 of 1, 2 and 5 ppm doses and moderate pleomorphic tubular crystal

were found from day 0 of 0.5 ppm dose (score +2).
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Figure 7 Trunk k|dr€y ﬁcontrol tilapia on day 1w&E staining, bar = 150 ym).

ﬁ RE NS INEINT.""

Flgu%'9 Hyaline droplets were four‘? in degenerative renal tubular epithelium of 2 p m

RRLAL S s p INLIAL

nephrons (arrows) (HE staining, bar; figure 10 = 300 um and figure 11 = 80 um).
Figure 12 Pleomorphic crystals appeared in renal tubular lumen of 0.5 ppm HgCl, i.p.

tilapia (HE staining, bar = 400 pm).
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4.4.2 Hepatopancreas

The fat storage in hepatocytes scores of control group was all +3 (Figure 13).
Fat deposition scores of hepatocytes are shown in table 4. Hepatocytes of experimental
groups were enlarged and had large nucleirwith prominent nucleoli. In i.p. groups,
severe fat losing was found in day 6 of 2 ppm dose and after day 3 of 5 ppm dose
(Figure 14). Severe losing of fat storage can be found in semi-static exposure group
after day 3 in 0.5 ppm dose. Hyaline droplets were also found on day 12 of 1 ppm semi-
static exposure group (Figure 16).

Pancreatic atrophy was found in all experimental groups. Pancreatic acini were
decreased in number.and appeared as remnant around hepatic blood vessels (Figure
15). Moderate to.severe pancreatic atrophy (score +2 and +3) was noted in i.p. and

semi-static exposure groups from first day of experiment.

4.4.3 Spleen

There was an increasing the numbers of MMCs in splenic parenchyma in
experimental groups compared with control group (Figure 17). Lymphoid depletion also

found in some groups.

4.4 .4 Gastrointestinal organs

Diffuse goblet cell proliferation and mononuclear cells infiltration in intestinal
lamina propria and submucosa layer were noted in oral and semi-static exposure
groups (Figure 18)s The lesion scores were shown in table 4. There was also found
epithelial necrosis of ‘gastric mucosa with mononuclear cells infiltration in 2 oral ppm

treated fish'on day 3 (Figure 19).

4.4.5 Other organs (gills, brain and skeletal muscle)

There were no remarkable lesions on the qills, brain and skeletal muscle

different between control group and all experimental groups.
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Figure 13 Hepatopancre . _ay (fat storage score +3) (H&E
staining, bar = 30 pm). |

Figure 14 Liver of tilapia sl in hepatocytes (fat storage score

+1) 3 day fter

atrophy alscia ]

derate pancreatic acinar

.m‘})ar =125 um).

|;‘ .
ore +1 I as observed in 1 ppm

Figure 15 Sevij losing
HgCl, semi-static exposure group on day 15 and severe pancreatic atrophy also
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nuclqllvlth prominent nucleoli with |ntracytoplasm|c hyallne droplets (arrow heads) (H&E

staining, bar =15 p
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Figure 17 Tilapia spleéns sho increa: N IMCs in experimental group compared

A), O ﬁ HgCl, se posure group on day 15 (score

__@ and day 15 (D)

and D =250 um).

with control; Control
+3) (B), 1.ppm
(score+3) (I'&i ,

ﬂUEJ’WIEWliWEI’]ﬂ‘i
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Figure 18 Gobreflcén's‘pmm‘er_

static exposur

Wasﬁ)served in 1 ppm semi-

roups on day 6 (H&E staining, bar = 80 um)

Figure 19 Gastric(pﬂjum was necrosis with mononuclear cells infiltration in 2 ppm

Hﬁr%m istration il oﬂwrcﬁH aﬂ,gal—ﬂ@
Figuqlzo Seco‘n ary gill lamellae of control tilapia on day (H&E staining, bar = 150
um).
1%
9

ST SRR

Figure 22 Secondary gill lamellae of 5 ppm semi-static exposure group on day 15 (H&E

staining, bar = 100 ym).
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Trunk of kidn

Gastrointestinal organs

Other organs

Group Dose Day Degeneration/ Immature stal i Pz eal ‘ Infiltration of Goblet cells (gill, brain, muscle)
necrosis of tubular nep S zJo]: ‘. cinar a . mononuclear proiferation
epithelium | . cells
Control 0 0 0 0 0 NRL
3 0 0 0 NRL
6 0 0 0 NRL
9 0 0 0 NRL
12 0 0 0 NRL
15 0 0 0 NRL

AU INENINgIns
QRIAINTUNRINEIAY
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Table 5 Histopathological scores of i.p. groups/ = ‘%

7 ///] \ e

o
; 1) h ;
Trunk of kidne ﬂm w “\ Gastrointestinal organs Other organs
Yy ’\\.\'u. ~ 9 9

Group Dose Day Degeneration/ ystal i T N Infiltration of Goblet cells (qill, brain, muscle)
necrosis of tubular nephron age  a ‘- " mononuclear proiferation
epithelium ; cells

i.p. 05uglg 0 0 0 0 0 NRL
3 0 0 o % i 0 0 NRL

6 0 0 0 NRL

9 +2 0 0 NRL

12 +2 0 0 NRL

15 +2 0 0 NRL

1 ug/g 0 +1 0 0 NRL
3 0 0 0 NRL

6 +2 0 0 NRL

9 +1 0 0 NRL

12 +1 0 0 NRL

15 +2 +2 +2 0 0 NRL

- ?W 5 El NINBINT
AR ANNTUNAIINYINY
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Table 5 Histopathological scores of i.p. groupsf%tirluﬁ-r" = "‘-.‘%

7 ///] \ e

i e
; 1) h ;
Trunk of kidne ﬂm w “\ Gastrointestinal organs Other organs
Yy ’\\.\'u. ~ 9 9

Group Dose Day Degeneration/ Im ystal i T Sy Infiltration of Goblet cells (gill, brain, muscle)
necrosis of tubular nephron age  acina " mononuclear proiferation
epithelium ; cells

i.p. 2 ug/g 0 +1 0 0 NRL
3 +1 0 0 NRL

6 +2 0 0 NRL

9 +2 0 0 NRL

12 +2 0 0 NRL

15 +2 0 0 NRL

5 ug/g 0 +2 0 0 NRL
3 +3 0 0 NRL

6 +2 0 0 NRL

9 +2 0 0 NRL

12 +2 0 0 NRL

15 +1 +2 +3 0 0 NRL

- ?W 5 El NINBINT
AR ANNTUNAIINYINY
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7] e

Trunk of kidney ﬂlﬁ W’:\\?‘“\H\h‘x Gastrointestinal organs

Other organs

Group Dose Day Degeneration/ ystal i Infiltration of Goblet cells (gill, brain, muscle)
necrosis of tubular nephron age mononuclear proiferation
epithelium cells
Oral 0.5 ug/g 0 0 0 0 0 NRL
3 +1 0 0 +3 NRL
6 +1 0 0 +3 NRL
9 +1 0 +3 NRL
12 0 0 +2 NRL
15 +1 0 +3 NRL
1 pg/g 0 0 0 0 NRL
3 +2 0 +3 NRL
6 +1 0 +2 NRL
9 +1 0 +3 NRL
12 0 +1 0 0 NRL
15 +1 + +2 +1 +3 0 0 NRL

R ﬁTJEl Pl El NINEINI
AR ANNTUNAIINYINY
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Table 6 Histopathological scores of oral groupsW = "‘-.‘%

7 ///] \ e

o
; 1) h ;
Trunk of kidne ﬂm w “\ Gastrointestinal organs Other organs
Yy | ’\\.\'u. .“‘ 9 9

Group Dose Day Degeneration/ ystal i Infiltration of Goblet cells (gill, brain, muscle)
necrosis of tubular nephron age mononuclear proiferation
epithelium cells

Oral 2 ug/g 0 +1 0 0 0 NRL
3 0 0 +2 +2 NRL

6 0 0 0 0 NRL

9 0 0 0 NRL

12 0 0 0 NRL

15 0 0 0 NRL

5 ug/g 0 0 0 0 NRL

3 0 0 0 NRL

6 +1 0 0 NRL

9 +1 +1 +2 NRL

12 +1 +1 0 +2 NRL

15 +2 + +2 + +3 NRL

R ﬁTJEl Pl El NSAENT
AR ANNTUNAIINYINY
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Trunk of kidney opancrea: Gastrointestinal organs Other organs
\\N —

Group Dose Day Degeneration/ T Sy Infiltration of Goblet cells (gill, brain, muscle)
necrosis of tubular nephron age  acina " mononuclear proiferation
epithelium ; cells
o

Semi- 0.5 pg/ml 0 +3 0 +1 NRL
static 3 +2 0 +1 NRL
exposure 6 +2 +2 0 NRL
9 +2 +2 0 NRL

12 +1 +2 0 NRL

15 +2 +2 0 NRL

1 pg/mi 0 +3 0 0 NRL

3 +2 0 0 NRL

6 +2 0 0 NRL

9 +1 0 0 NRL

12 +2 0 0 NRL

15 +1 0 +2 +1 +3 +3 0 0 NRL

R ﬁTJEl Pl El NINEINI
AR ANNTUNAIINYINY
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Table 7 Histopathological scores of semi-static exposure groups
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7] | i

Trunk of kidney Gastrointestinal organs

Group Dose Day Degeneration/ Imma

TR BN
ystal i . rea \\\ "‘-\; M = Infiltration of Goblet cells

gt L}
- e&- a \ % mononuclear proiferation

necrosis of tubular nephron

Other organs

(qill, brain, muscle)

epithelium cells
Semi- 2 pg/ml 0 +3 0 0 NRL
static 3 NA NA NA NA
exposure 6 NA NA NA NA
9 NA NA NA NA
12 NA NA NA NA
15 NA NA NA NA
5 pg/ml 0 +3 0 0 NRL
3 NA k NA NA NA
6 NA ’L NA NA NA
9 NA N NA NA NA
12 NA NA A qim NA NA NA
NA

15 NA NA [ NA NA NA NA NA NA

AR INENI NGNS
ARAINTUINIINYIAY
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4.5 Autometallographic tracing of Hg accumulation

Hg deposition revealed as yellow-brown to black silver grains in cytoplasm of
cells. The positive degrees and location of positive cells were different between organs

and days after exposure.

4.5.1 Kidney (trunk)

The silver grains were found in tubular epithelium. Degrees of deposition were
high in i.p and semi-static exposure groups. The autometallography scores were
showed in table 6. Severe deposition of silver grains (score +3) was found in 5 ppm i.p.
and 0.5 and 1 ppm semi-static exposure groups after day 3 of experiments (Figure 24,
25 and 26).

The grains were also found in MMCs that aggregated in renal parenchyma. All
fish of control group was not found the accumulation of silver grains in the tubular

epithelium and MMCs (score 0) (Figure 23).

4.5.2 Hepatopancreas

The silver grains were found in MMCs that located in atrophic pancreatic acini
(Figure 27). Degrees of deposition were showed in table 5, _compared to negative

staining in control group.

4.5.3 Spleen
MMGCs were found yellow to black. silver grains in all experiment groups (Figure
28). MMCs. were found after day 3 of experiment, compared to negative staining in

control group (Table 8).
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Flgure 23 Trunk kldne co A.:.lﬁgu'f:;;.f.. gative ste |n|ng (AMG stalnlng, pbar = 50

i i i e produced as y
Figure 24 Silver grains we ﬂ:-qfdr} C ..1:‘

own and black grains (score +2) in

renal tubul E})| he ddney ' d tilapia on day 15
(arrow hea% I 7 :‘?
N

score +3) in renal tubular
1l
ﬂ5 (arrow heads) (AMG

e ithel of : |st§|0 !xpls tilapia on~ da; (arrow
heads (AMG, bar = 45 um).

q mmmmm’a NHARY

of control group (AMG staining, bar; A = 300 um and B = 150 um).

Figure 25 Intej

I\, |
epithelium of m HgCl, semi-static exposure tilapia on d
staining, bar = 15(ﬁrﬂ
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ple . No silver grain revealed in
5 | )

,_I'g 1 ppm HQCl, i.p. tilapia was found silver g@n

on day 3 (score m&o .5 ppm HgCl, semi wc exposure tilapia on day 15 (score
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4.5.4 Gastrointestinal organs

There was silver grains deposit in epithelial cells of intestinal mucosa of oral and
semi-static exposure treated groups. In oral groups, AMG positive was found only in 5
ppm dose on day 3 and 6 of experiment. The silver grains were found after day 3 of 0.5

and 1 semi-static exposure groups (Table 8 and.figure 29).

4.5.5 Other organs (brain and skeletal muscle)
No silver grain-was found in every cell types in gill, brain tissues and skeletal

muscle cells in control.and all experimental groups (Table 8).

4.6 An expression of metallothionein protein by IHC

Positive control is canine mammary adenocarcinoma showed intense brown
cytoplasmic staining (Figure 30). An expression of MT protein could be detected in 0.5
and 1 ppm semi-static exposure groups. In 0.5 ppm semi-static exposure group, there
was an expression of MT immunostaining in cytoplasm of renal tubular epithelium after
day 9 of experiment. The scores were +3, +3 and +3 on day 9, 12 and 15 respectively
(Table 8 and figure 31). Spleen was also shown expression of MT protein in MMCs on
day 15 (scaore +2) (Figure 32).

Trunk kidney of 1 ppm semi-static exposure groups revealed the expression of
MT protein after day 6 of experiment. The scores were +1, +3, +3 and +3 on day 6, 9,
12 and 15 respectively. Spleen had the expression of MT protein on day 15 as same as
0.5 ppm semi-static exposure group butthe score was +3 (Table8 and figure 31).

The pancreatic acini of 0.5 and 1 ppm semi-static exposure groups also had the
expression of MT protein on day 15. The scores were +2 and +3 in 0.5 ppm and 1 ppm

doses, respectively (Table.8 and.figure 33).
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Figure 30 Carﬁh mammary adenocarcinoma revealed an ﬁ)ression of MT protein

(IHC, DAB, Counteftamed with Mayer’s hematoxylln bar =100 pym).

EUS I NI

statlalxposure tilapia on day 9 ( soore +2), B. 0.5 ppm HgCl, Semi-static exposure

QIR Eiliiatay (L ilav~4]

counter stained with Mayer's hematoxylin, bar = 80 um).
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Flgure 32 A1 P HgC apia on day Urevealed no expression

of MT protein. B. 5 ppm HCl, semi-static exposure tilapia on day 15 revealed an

mm USRS

CZ% pum, and D = 40 ym).

ure 33 A. 1 ppm HgCl, semi- tatgex osure tl|apli 15 revealed an ex M n

stained with Mayer’s hematoxylin, bar; A = 60 um, and B = 125 pm
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Table 8 Autometallography and |mmunoh|stochermst ore xpe mental tilapias

Renal tubular Renal tubular Pancreatic acini MMCs at spleen

Group Dose Day ﬂm m ' ‘\\ IHC score

epithelium epithelium
Control 0 0 0 0 0 0
3 0 0 0 0
6 0 0 0 0
9 0 0 0 0
12 0 0 0 0
15 0 0 0 0
i.p. 0.5 pg/g 0 0 0 0 0
3 0 0 0 0
6 0 0 0 0
9 +2 0 0 0
12 +2 0 0 0
15 +2 0 0 0
1 1g/g 0 0 4 i 0 0 0
3 0 : ll 0 0 0
6 +1 H ' +1 +1 0 ‘L'Ji 0 0 0
9 +2 +2 0 0 0 0
12 ‘ ~ &/ 0 0
15 0 0

NA = not examined, +1: mild, +2: moderq +3: strong

ARIANTAUNNIINYAY
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Table 8 Autometallography and immunohistochermst ore xpe mental tila ﬂ‘»-.. ue).

Renal tubular Renal tubular Pancreatic acini MMCs at spleen

Group Dose Day ﬂm m ' ‘\\ IHC score

epithelium epithelium

i.p. 2 uglg 0 0 0 0 0
3 +1 0 0 0

6 +1 0 0 0

9 +1 0 0 0

12 +2 0 0 0

15 +2 0 0 0

5 ug/g 0 0 0 0 0

3 +3 0 0 0

6 +2 0 0 0

9 +2 0 0 0

12 +2 0 0 0

15 +2 0 0 0

Oral 0.5 pg/g 0 0 [ 0 0 0
3 0 ll 0 0 0

6 0 H' 0 0 0 M 0 0 0

9 0 0

12 0 0

15 0 0

NA = not examined, +1: mild, +2: moderq +3: strong

ARIANTAUNNIINYAY
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Table 8 Autometallography and immunohistochermst ore xpe mental tila ﬂ‘»-.. ue).
Group Dose Day llm m - ‘\\ IHC score
Renal tubular i @ Renal tubular Pancreatic acini MMCs at spleen
epithelium : epithelium

Oral 1 ug/g 0 0 0 0 0
3 0 0 0 0

6 0 0 0 0

9 0 0

12 0 0

15 0 0

2 yg/g 0 0 0

3 0 0

6 0 0

9 0 0

12 0 0

15 0 0

5 pg/g 0 0 0

3 0 0

6 0 0

9 0 0

12 0 0

15 0 0

NA = not examined, +1: mild, +2: moderq +3: strong

ARIANTAUNNIINYAY
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Table 8 Autometallography and immunohistochemistry score

Group Dose Day IHC score
Renal tubular Renal tubular Pancreatic acini MMCs at spleen
epithelium pancree . [ y epithelium

Bath  05ugml 0 0 0 ' 5 4 AN \ g 0 0 0
3 +1 | 0 0 0

6 +2 0 0 0

9 +2 +2 0 0

12 +2 +3 0 0

15 +2 +3 0 +2

1 pg/ml 0 0 0 0 0
3 +1 0 0 0

6 +2 +1 0 0

9 +3 +3 0 0

12 +3 +3 +1 0

15 +3 +3 +1 +3

2 pg/ml 0 0 ./ A 0 0 0
3 NA j ‘ NA NA NA
6 NA M NA NA NA M NA NA NA
9 NA NA
12 NA NA
15 NA NA

NA = not examined, +1: mild, +2: moder“ +3: strong

ARIANTAUNNIINYAY
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Group Dose Day IHC score
Renal tubular MMCs a V : ole ‘ i g enal tubular Pancreatic acini MMCs at spleen
epithelium pancreatic ac . epithelium
Bath 5 pg/ml 0 0 0 0 0
3 NA NA NA NA NA
6 NA NA NA NA
9 NA NA NA NA NA
12 NA NA NA NA NA
15 NA NA NA NA NA

NA = not examined, +1: mild, +2: moderate, +3: strong

AU INENINgIns
QRIAINTUNRINEIAY
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4.7 ICP-AES for measurement total mercury in tissues

A cut-off value of total Hg level in control group in 3 organs was less than 0.2
ppm/g dry weight (Figure 34). Hg levels measured by ICP-AES were differently between
routes and doses (Table 9). Total Hg levels.in visceral organs in abdomen were high
when compared within groups. It was significantly different between visceral organs in
abdomen and other organs (gills and muscle) in 0.5-ppm HgCl, i.p. groups on day 3
(p<0.05) but Hg levels'were:not-significantly different between organs on day 9 and day
15. In this group, total Hg levels of visceral organs had significant statistically different
among day 3, day 9, and day 15 in different routes of exposure (0.5 ppm i.p., 2 ppm i.p.,
5 ppm i.p, 0.5 ppm oral, 2 ppm oral, and 5 ppm oral) (Figure 35A, 35C, 35D, 36A, 36C
and 36D). 2 ppm oral group showed statistic significantly different differ from other
doses in oral groups. It had significantly different between visceral organs in abdomen
and other organs on day 3, day 9, and day 15. (p<0.05) When compared between the
same organ, in this group revealed significantly. different in visceral organs in abdomen
on every days. The total Hg concentrations were 6.266+0.460, 4.223+0.115 and
1.384+0.131 ppm/g dry weight respectively. Total Hg concentration in gills on day 9 was
also significantly differing from day 3 and day 15 (p<0.05). In addition, visceral organs
in abdomen in 2 ppm oral group were also significantly different from other organs on
every day (p<0.05) (Figure 36C). In 1 ppm semi-static exposure tilapia group, it had the
highest level compared with other groups (Table 9). Visceral organs in abdomen Hg
concentration showed. significantly different fram other organs on every day (p<0.05)

and.the different day also showed significantly different (Figure 378).



Table 9 Total Hg in experimental tilapias.

Group Dose Day Organ

Visceral organs in

~abdomen

Muscle

(ppm/g dry weight)

Control

0.152 £ 0.018
0.180 £ 0.032
0.173 £ 0.051

0.424 = 0.241
0.981 £ 0.575
0.515+0.219

1.870 £ 1.142
1.5688 + 0.657
0.233 £ 0.097

1.047 +0.364
3.163 +£ 0.430
2.584 +0.970

13. +1.151

4.786 + 1.403

4.659 + 1.302
3.195 + 1.590
1.378 £ 0.335

).910 £ 0.143

_QL"

15 02R/5+0108. 0411 + 0016

Oral 0.5 yg/g

0.389 = 0.037
0.284 +0.087
0.160 + 0.081

el |
A
E—)

0.496 + 0.1m
0.606 £ 0.2

I

15 0.421 £ 0.007

0.099 = 0.040
0.178 £ 0.057
0.337 £0.043

2 pg/‘ 25 1337£0472 (4 I 6.266 % 0.460
1o _

‘l'l't 223 +0.658

3.422 £ 0.306 9.263 £ 4.737

9 1337+ 0.472 3.936%.0.446

1.465 +0.272

0.761 £ 0.299

O.385i0w
0.552 +
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Table 9 Total Hg in experimental tilapias (continue).

Group Dose Day Organ

; Visceral organs in Muscle

|
. \ ‘ t ~ abdomen (ppm/g dry weight)
. } dry weight)
Semi-static 0.5 pg/ml 847 + 2,884 .__—15'!?; 13171 2.473 + 0.646
—————— - - ;

——

-

exposure +11.140 10.616 £ 0.923

18.235 £ 5.642

3.208 + 1.330
10.041 £ 3.847
156.917 £ 8.627

NA
NA
NA

NA
NA
NA

NA: not examined

AUt IneningIng
QIR TN INYIAE
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Figure 34 Total Hg levels from ICP-AES of Control group.
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Figure 35A-D Total Hg levels from ICP-AES of i.p. groups. The different alphabets shows when

statistic significantly different in the same organ between days. (p<0.05) and the stars (*)-showed

when statistic significantly different between organs in the same day. (p<0.05) Statistic analysis was

using one-way ANOVA and followed by Newman-Keuls multiple comparison test.
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Figure 36A-D Total Hg levels from ICP-AES of oral group.

Figure 37A-B Total Hg levels from ICP-AES of semi-static exposure groups. The different alphabets

shows when statistic significantly different in the same organ between days. (0<0.05) and the stars

(*) showed when statistic significantly different between organs in the same day. (p<0.05) Statistic

analysis was using one-way ANOVA and followed by Newman-Keuls multiple comparison test.
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4.8 Reverse transcriptase polymerase chain reaction for detecting metallothionein gene

expression

All groups of experiment includes control group showed many unspecific bands
by using 2 pairs of primers, forward and reverse primers of tilapia (O. mossambica) MT
gene (TMTB and TMTC) and forward and reverse-primers of tilapia B—actin gene (Figure
38 and 39). The PCR products were chosen for nucleotide sequencing (150 and 300 bp
PCR products). The nucleotide sequences were compared with O. mossambica MT
nucleotide sequence.in GenBank (AY257202) (Cheung et al., 2004). The results showed

no similarity between PCR products and nucleotide sequence in GenBank (Table 10).

Control group -ve 1 ppm semi-static exposure

500 bp
300 by

200 bp=p 150 by

L & 2 3 4 5 6 7 8 9 10 11 12

Figure 38 RT-PCR products when using 2 pairs of primers (tilapia (O. mossambicus)
MT; TMTB and TMTC) and tilapia B—actin. The samples were kidney tissues of control
and 1 ppm HgCl, semi-static exposure group. Lane 1, 2,-3, 4, 5 and 6: control, lane 7:
negative control, lane 8, 9, 10, 11 and 12: 1 ppm HgCl, semi-static exposure group and

L: 100 bp marker.
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When using only forwards and reverse primers of tilapia (TMTB and TMTC), the

result revealed all negative in every groups (Figure 37).

500 bp =

200 bp=p

MT ve  MT+P-actin

Figure 37 RT-PCR products. Lane 1, 2, 3,4, 5, 6, and 7 were using forward and reverse
primers of tilapia (O. mossambica) MT; TMTB and-TMTC. Lane 10 and 11 were using 2
pairs of primers MT and tilapia B—actin. The samples were kidney tissues of control (lane
1, 2, 3 and 4) and 1 ppm HgCl, semi-static exposure group (lane 5, 6, 7 and 8). The
results were all negative when using only MT primers. L: 100 bp-marker, lane 9: negative

control.
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Table 10 The sequences of nucleotides of RT-PCR products from the current

experiment.

Length (bp)

5-CCACCAAGATCTGCACCGBCBEOGGCTCCAGECBEGETCGCGCCOTAGGCT 238
TCCGTGCTCACCGCGGEGGCOETCET, '*‘___@cCTCGCGGCT
CAGGGCTAGTTGATTCGGCAGGTEGAGTTGTTAC TTA TTCCAACT

TCCATGGCCT

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table 11 Comparison of histopathological lesions, autometallography and expression of metallothionine protein between experimental groups.

Group Histopathological lesions Autometallography Expression of
metallothionine protein by
Immunohistochemistry
Control - No histopathogical lesion - Negative AMG - Negative IHC
i.p. - Mild to severe tubulonephrosis, immature nephrons and - Mild to severe localized of silver grains - Negative IHC
deposition of crystal in renal tubules. in tubular epithelium, MMCs of spleen and
- Mild to severe loss of fat deposition in hepatocytes, and mild to  pancreatic acini.
severe pancreatic acinar atrophy.
- Marked increased MMCs.
Oral - Mild to moderate tubulonephrosis and deposition of crystal in. - Mild to moderate localized of silver - Negative IHC

renal tubules.

- Mild to severe loss of fat depasition in hepatocytes, and mild to
moderate pancreatic acinar atrophy.

- Marked increased MMCs.

- Mild to severe infiltration of mononuclear cells and goblet cells

in Gl epithelium.

grains in tubular epithelium, and MMCs of
spleen.
- Mild to moderate localized of silver

grains in Gl epithelium.
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Table 11 Comparison of histopathological lesions, autometallography and exp i etallothionine protein between experimental groups
(continue).
Group Histopathological lesions \\ / m etallography Expression of metallothionine
._ ‘ : ‘ protein by
* x“‘x Immunohistochemistry
- ‘
Bath Severe tubulonephrosis, mild i ‘ \ callzed of silver grains - Positive IHC in renal tubular
deposition of crystal in renal tubules A , MMCs of spleen epithelium after day 6,
Moderate to severe loss of fat deposition i hega\fo ‘ and and p eatic acini. MMCs in spleen and
mild to severe pancreatic acinar atrophy. I ild to \ re localized of silver grains pancreatic acini after day

Marked increased MMCs. ot - epithe ium. 15

Mild to severe infiltration of mononuclear Celt

in Gl epithelium [ h

ﬂﬂﬂ’)ﬂ&lﬂ‘i“ﬂmﬂ‘i
ammmmummmaﬂ



CHAPTER V
DISCUSSION AND CONCLUSION

Discussion

Many studies have documented-that mercury can be toxic to fish. In this study,
all tilapia were dead in 2-and-6 ppm (ug/l) HCI, semi-static exposure groups after 2
hours on the first day of experiment. It was accordance with 24-hour mean lethal
concentration (LCg,) of ng+ in tilapia, which is about 1 pg/mlI(NJDEP, 2002). The clinical
appearances of high doses Hg2+ toxicity may affect respiratory system so fish showed
obvious clinical'sign of respiratory failure, such as swimming to the surface of the water
and increasing respiration by moving gill opercula. Hypoxemia has been reported as the
main toxicological effect in fish exposed to inorganic Hg in water. Inorganic Hg alters in
the respiratory function of gills: caused decreasing their gas exchange capability
(Raldua et al., 2007).

Various tissues of tilapia were affected by inorganic Hg. Acute Hg2+ mercury
toxicity mainly affects on kidney, hepatopancreas and spleen. The main pathological
lesions of acute mercury toxicity in tilapia were found in renal tubular epithelial cells
susceptible 'to’ heavy metal exposure, such as Hg like in mammals (Hansen and
Danscher, 1995). In this study, the kidney appeared to be primary target tissue for Hg2+.
The present study. showed severe tubulonephrosis; degeneration and necrosis of
tubular epithelium with-accumulation of hyaline droplets and crystal-in tubular lumen.
The effect of Hg can be found after first day of experiment in high dose with semi-static
exposure route. The previous study in channel catfish (/ctalurus punctatus) were noted
that severe tubular and glomerular alteration at 24-hour after exposing to Hg. Because
the renal tubular epithelium has its major function to excrete of divalent ions, including
Hg2+, so renal tubular epithelium can be damaged easily by those toxic substances

especially nephrotoxins (Kendall, 1975).
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The pathological lesions in hepatopancreas included losing of fat storage in
hepatocytes when fish exposed to inorganic mercury suggests that this process
involved an increasing of metabolism response to toxic substances as we seen by
enlargement of nuclear size and prominent nucleoli of degenerative hepatocytes.
Oliveira Ribeiro et al. (2002) also observed losing-of fat in arctic charr (Salvelinus
alpinus) liver. They. described that change may be from oxidative stress and an
accumulation of lipid  peroxidation products. Howerver, Drevnick et al. (2008)
hypothesized decreasing..in fat reserves within hepatocytes in northern pike (Esox
lucius) may happen from-undergoing starvation. deplete fat reserves in the liver for
energy consumption.

In this study found that obvious pathological lesions of liver differed from the
previous studies in.some points.. The previous study in arctic charr associated with
MeHg exposure showed severe necrosis of hepatocytes (Oliveira Ribeiro et al., 2002).
Necrosis may be a consequence from inhibiting of enzymatic process, cell membrane
disturbances, and alteration of protein and carbohydrate synthesis (Mela et al., 2007). In
Hg-exposed beaks, there was a presence of multifocal granuloma, macrovesicular
steatosis and nuclear pyknosis of hepatocytes. Proliferation of bile ducts and the
epithelial cells'were also observed in bleaks but not found in the present study (Raldua
et al., 2007).

Pancreatic atrophy also appeared after exposed to-Hg. It was similar liver
pathology desecribed by Kendall (1977), he reported that exocrine pancreatic tissue in
the catfish (/. punctatus) hepatopancreas demonstrated the earliest histopathologic
change.

In" experimental groups, there was marked increasing of MMCs in splenic
parenchyma. MMCs were increased both number and size of cells. Such increasing
was fluctuated according to time of exposure. Increasing of MMCs in spleen and other
organs may- involve an increase phagocytic activity' due to tissue damage by Hg2+.
Macrophages may belong to the first line of protection of Hg intoxification (Loumbourdis

and Dancher, 2004). MMCs contained melanin that is well-known as its ability to
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neutralize free radicals and cations for inactivating them and protecting from tissue
damages (Robert et al., 1978). They may also involve removing debris during
inflammation (Mela et al., 2007) and tissue repairing process (Agius, 1985). Therefore,
the highly increasing of MMCs in fish spleen can use as a potent biomarker for Hg
pollutant (Mela et al., 2007).

Autometallography. development, silver-enchanced Hg grains are visualized as
yellow-brown to black granules in renal tubular epithelium, MMCs in spleen, MMCs in
pancreatic acinai- and . intestinal epithelium ~ of experimental tilapias. From
autometallographic tracing of mercury, the trunk of the kidney and spleen of tilapia were
major organs for mercury accumulation. Hg also involved in MMCs aggregation in the
destructive tissues such as in pancreatic acini and trunk kidneys. The strong positive
intensity scores were observed in high doses. The highest scores showed in semi-static
exposure groups followed by i.p. group, and the least were in the oral groups in kidney
and MMCs of spleen. The intestinal mucosa also found postitive with AMG method but
only on semi-static exposure and oral groups. It may describe that Hg can distribute to
various organs different from route of exposure. i.p. routes could not find silver grains in
intestinal mucosa but it showed stronger positive in renal epithelial cells and MMCs of
spleen more than oral route. It suggested that Hg2+ may absorb into circulation and
directly distribute into target organs; kidney and spleen, like in-mammals (Zahir et al.,
2005). When fish received Hg®" by oral route, Hg" may absorb via intestinal epithelial
cells and depesit in mucosal layers before distribution tothe circular system and
circulate to target organs. The semi-static exposure groups were repeated exposed to
ng+ all the time and they can receive ng+ from many organs; gill and oral route so it
was not surprising that revealed strong positive in every organs when compared among
treatment groups. In the current study, there was no AMG grains deposit in gill tissues
unlike the previous study of Alverado et al. (2006) that found silver ‘grains accumulated
in mucocytes, filament epithelium, and the secondary lamellae 'in ‘Cu exposed turbot
(Scophthalmus maximus). It may describe that heavy metal types can show different

AMG pattern (Danscher and Stoltenberg, 2006).
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Therefore, it may conclude that Hg AMG pattern was dependent on types of
heavy metals, sources of Hg, route of administration, dose and time of exposure
(Danscher and Stoltenberg, 2006).

An expression of MT protein detected by IHC method, the semi-static exposure
group showed positive results in renal epithelial cells, pancreatic acini and MMCs in
splenic parenchyma. The presence of MT in tilapia tissue suggested that MT gene
involved in the process of heavy metal dextoxification. MT protein can be detected after
day 6 of experimentiin 1 ppm HgCl, semi-static exposure group and after day 9 of 0.5
ppm HgCl, semi-static exposure group. Other experimental groups and control group
showed negative results in all tissues. It suggested that MT protein expression in tilapia
is depended on dose, time of exposure and route of administration. MT was found after
day 6 of experimentin 1 ppm HOCI, group. It may be because there were not enough
MT levels for detecting by IHC method. There were expression of MT protein in renal
tubular cells and pancreatic acini as same as in this experiment tilapias but there were
also positive in hepatocytes of mandarin fish.

Chan (1995) described that hepatic levels of MT in fish are dose-dependently
increased after injection of Cd or exposure to Cu and Zn. The previous study, significant
induction of MT mRNA levels in the liver and gills of heavy metal-exposed-tilapia was
observed at week 3 (Lam et al., 1998). An expression of MT protein had been reported
in kidney and liver are similar to the study in mandarin fish (Siniperca chuatsi).

The expression in MMCs in spleen using DAB system-may be confusing with
normal MMCs tissue because normal MMCs contained yellow-brown pigments; melanin
pigments (Agius, 1985). The previous reported also describe that It was hardly
detectable MT in the spleen (Gao et al., 2009), Therefore, this study demonstrated an
expression on MMCs by compared with control and other groups. In positive IHC
groups; 0.5 and 1 ppm HgCl, semi-static. exposure” groups, there were obviously
different intensity’ of reaction products in MMCs so the result suggested that may be

positive from MT more than from melanin pigments.
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The previous report suggested the expression of MT protein in some cell-type of
gills of tilapia (O. mossambica) after exposure to Cu that is different from current study,
no positive result in gill tissues. In.addition, there are reported of immunohistochemical
detection in gill of brown trout (Sa/motrutta fario L.), rainbow trout (Oncorrhynchus
mykiss Richardson) and turbot (Scophthalmus maximus). There was MT protein
expression in chloride cells of gill filaments after exposed to the sewage in brown trout
and rainbow trout (Burkhardt-Holm et al., 1999). In turbot, there were positive MT
immunohistochemistry in mucocytes after exposureto Cd, Cu and Zn (Alvarado et al.,
2006). From this current study, it may suggested that renal tubular cells, pancreatic acini
and MMCs in spleen were invalved in MT production after exposed to Hg.

Total Hg levels measured by ICP-AES in present study showed that visceral
organs in abdomen were mainly accumulation locations. One single dose of ng+
revealed higher level in day 3 and decreased respectively until day 15 of experiment but
differed from semi-static exposure group that repeatedly exposed to Hg2+ every 3 days,
Hg level revealed increased until day 15 of experiment. It may suggest that if fish
exposes to Hg all time, as well as Hg toxicity in their environment culture, will have high
concentration of Hg in tissues and it was accordance to severity of histopathological
lesions and AMG pattern in HgCl, semi-static exposure groups. In group one single
dose exposure, the Hg level decreased may be from elimination of those organs
although some-of them may accumulate in internal organs, such as trunk kidney and
spleen. From the results of ICP-AES, muscle showed no significantly different between
days in the same experimental group. It may describe that muscle was not the important
organs for Hg accumulation in this study. It's because the form of Hg was different from
the natural accumulation that inorganic Hg may change to organic Hg by biomethylation
process before fish contaminated. In nature, organic form-is the most important form that
accumulates in“muscle. (WHO, 2003) However, the total mercury concentration from
ICP-AES analysis may be not accurate when tissue contained "high concentration
because the detection limit was between 20 ppb (20 pg/l) to 2 ppm (2 mg/l) (Han et al.,
2006).
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The previous reports MT gene mRNA expression has often been use as a
sensitive and efficient biomarker for heavy metal exposure in various aquatic species
(Gao et al., 2009). In the present study, the examining metallothionein gene expression
from Hg-exposure-tilapia by RT-PCR used a method modified from Cheung et al. (2004)
The primers were designed for RT-PCR reaction from MT cDNA of O. mossamiba. The
internal control used forward and reverse primers of B—actin gene, house keeping gene
for tilapia species, designed from GenBank (AY116536) (Hwang et al., 2003). The
aspect positive bands were 127 bp for MT gene product and 90 bp for B—actin gene
product. The results of RT-PCR showed many unspecific bands when using two pairs of
primers and the results were all negative in control and IHC for MT positive groups when
using only MT forward and reverse primers. Two unspecific bands were chosen for
nucleotide sequencing (300 and 150 bp). The nucleotide sequences reveals no
similarity between MT nucleotides that was suggested by Cheung et al. (2004). It may
suggest that there are no similarity between O. mossambica and O. niloticus although
there are highly conserved in MT among fish species (Chan, 1994). In tilapia, there are
several studies of MT mRNA and gene expression. Nucleotide sequences O. aureus
and O. mossambicus have been reported (Cheung et al., 2005) but the data in O.
niloticus is still.unclear. Thus, it is important to investigate the specific MT nucleotide of
tilapia (O. ' niloticus) for approving specific RT-PCR method to detect MT gene
expression in this species.

From all-information in the previous study, there were ne remarkable changes in
histopathological lesions and the results of AMG and IHC for MT were negative in brain,
heart, and muscle tissue. It may describe that those argans were not involved in acute

mercury toxicity in tilapia.
Conclusion

Mercury is also known as one of highly toxic heavy metal that

contaminated in environment. Bioaccumulation process of mercury through the
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food chain is primary cause for much of the concern with this metal. Tilapia (O.
niloticus) is chosen as an experimental fish in Thailand because it is the most
commonly found in local fish cultures. Semi-static exposure may be a suitable
route for studying acute heavy metal toxicology and toxicopathology, such as
mercury  toxicity = because it can - produce severe and remarkable
histopathological lesions.

According to this study, the main pathological lesions of mercury toxicity in
tilapia were observed in kidneys, spleen, and hepatopancreas. Autometallography
possibly use to study the toxicological profiles of heavy metal, such as mercury. This
method is specific for mercury detection in tissue and can easily perform in ordinary
pathology laboratory. Hg autometallographic pattern is dependent on type of heavy
metals, sources of Hg, route of administration, dose and time of exposure.

Metallothionein is a protein that involved in heavy metal exposure in various
animals, includes fish species. Therefore, detecting metallothionein is also specific on
investigate heavy metal contamination in environment by using fish as a biomarker.
Metallothionein can be investigate by immunohistochemistry technique and also
investigate metallothionein gene or mRNA expression. Specific primers for O. niloticus
cDNA may be necessary for specific RT-PCR reaction.

From this present study, it concludes that we can use pathological lesions,
autometallography, an expression of metallothionine protein by immunohistochemistry to

investigate acute mercury toxicity in tilapia.
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APPENDICES

Appendix A

Group

Control

4.879

0.5 oral

0.5 semi-static exposure ‘ 295 17.266 n 19.980 w_
8 ‘
| 4
| 57.8 | ‘ :
1 semi-static exposure 16.984 27.917 18.289 17.649
9 51.412 19.889 29.402

15 42.125 47.819
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Table 1B Total mercury concentration of visceral organ in abdomen

Group Day Total Hg concentration (ppm/g dry weight)

Control 3 0.086 0.150 0.160

0.160
0.130

36.154

0.5 oral

q .543 68.765
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Table 1C Total mercury concentration of muscle tissues

Group Day Total Hg concentration (ppm/g dry weight)
Control 0.170 0.140 0.190
0.240 0.200
0.180 0.180
0.5i.p. 0.175
1i.p.
2i.p.
5i.p. 6.950
0.5 oral

1.385 24.207 24.949 22.3
¢ PN

2. 32.024 13.222

QRTRN VIR E



76

Appendix B

Preparing of 1,000 ppm HgCl, (stock HgCl,)

0.675 g HgCl, (FW= 2\\% /f//d«/ater to yield 500 ml

Reagent for automgﬂng;ap.hy_a ‘ -———ﬂr

si ﬁ\th 500 ml of distilled

A. 1% pota

water)

‘om acacia tree add with 30

distilled water) = |

=
0.5 ml of 17% silver nitrate (C g of silver nitrate add with 2 ml of
distiled watet) -/ ©

i@o ml of distilled

r
=

D. Farmergjolutlo J_IJ
u\' ]
6 ml of 7.5% potassium ferric cyanide (0.75 g of potassium ferric

AU B TREE R

ml of distilled water)

c. Add with 120 ml of distilled water

QW’]Q\?ﬂ‘iﬂJN‘M’YJmﬂﬂH



7

Reagent of immunohistochemistry

A. 0.1 M phosphate buffer saline (stock PBS)

Reagent of ICP-AE

10 1 S% T R VT v 7T T B—
Ji

A. 900 ml of

. mul ife I-
- 1l
B. 100 mloft ypochloric acid U‘

ﬂummmﬁwmm

A TBE (17 g TBE buffer powde Amresco’, USA) add with 1 | of distilled water

amaanﬁmmwmaﬂ

100 ml of TBE
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