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(Oryzias dancena) to ammonia stress treatment
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Abstract

Ammonia is regarded as one of the most widely distributed chemical in aquatic
environment as it enters to the aquatic environment by sewage effluents, also is produced
by some aquatic organisms and can adversely pose physiological effects to the fish when
is in high concentration or allowed to get in to contact with fish a long period of time. In
order to understand those effects to fish, marine medaka fish (Oryzias dancena) which is
model fish was exposed to ammonia in different concentrations. Adult medaka fish was
exposed to 1.5 ppm for 24, 48 and 96 hours and juvenile medaka fish was treated with 0,
4.5,9.0, 18 and 36 ppm for 48 hours and expression of gill and kidney anti-oxidant enzymes

like catalase (CAT), glutathione peroxidase (GPx), glutathione-S-transferase (GST) and

vi



superoxide dismutase (SOD) were measured using semi quantitative PCR and the result
observed showed that the fish (O. dancena) responded by exhibiting expression of target
genes as physiological mechanism to protect the body.

On the other hand, juvenile medaka fish also responded by showing differences in
expression patterns between control group (Oppm) and experiment groups (4.5, 9, 18 and

36 ppm) signifying that ammonia can cause stress to the studied fish.

Keywords: Ammonia, physiological effects, anti-oxidant enzymes and Oryzias dancena.
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1. Introduction

1.1.General introduction

Living systems encounter a variety of stresses during their continuous interaction with
environment. (Lushchak and Stoliar, 2012). All organisms are strongly affected by their
surrounding environment, and the environmental factors play an important part in shaping
ecology and evolution of biological systems. Environmental stress is especially important
at many levels of biological organization (Hoffmann and Parsons 1997; Hoffmann and
Hercus 2000). The interactions between fish and their environment, specifically how the
physiology of fishes is affected by and regulated in response to environmental factors (fish
ecophysiology), provides the key to understanding the survival and maintenance of fish

populations in changing aquatic environments (Rankin & Jensen, 1993).

Fish are the most diverse marine vertebrates. Therefore, diverse fish species are necessary
for evaluating pollutant toxicity and understanding the mechanisms of action underlying
this toxicity. Fish can also be useful as model species to study early warning signals for the

effects of anthropogenic substances (Kim, et al, 2016).



Fish are particularly threatened by aquatic pollution, and the environmental stress they
face may help shape their ecology, evolution, or biological systems (Sorensen and
Loeschcke 2007). Fish are exposed to stressors both in the wild and in artificial conditions

such as in the laboratory or in aquaculture.

The intensity and duration of exposure to the stressor, to a large extent, may determine
whether the animal is capable of coping with the stressor. The categories of environmental,
physical and biological stressors help to group the diverse possible stressors into a few
themes (Iwama et al., 1999). Environmental stressors mainly include adverse chemical
conditions of the water. Although pollutants are common environmental stressors, extreme
conditions or changes in water quality parameters such as dissolved oxygen, ammonia,
hardness, pH, gas content and partial pressures, and temperature can stress fish. High water
concentrations of metals such as copper, cadmium, zinc and iron can also cause stress and
death in fish. Contaminants such as arsenic, chlorine, cyanide, various phenols and

polychlorinated biphenyls are potent stressors to all fish. (Barton, 2002).

At the cellular level, stress could be regarded as a disturbance to normal development,
which may affect structure, function, stability, growth and survival. Stress of aquatic
animals occurs due to any physical and physiological disturbances in the aquatic
environment or system when transportation, crowding, handling and physical and chemical
factor changes transpire. Stress has negative economic impact as it impairs aquatic and
aquaculture systems by affecting fish health, productivity and final product quality. There

is a general concept that stress in fish is any external stimuli (so-called stressor) that threats



homeostasis of the fish and results in neuroendocrine, physiological and behavioral
alterations. The stress response is an assortment of changes in different physiological
sections by stressor and an output reaction to neutralize the effect of the stressor and recover
the homeostatic equilibrium. The environmental and micro environmental stimuli that act
as potential stressors are numerous. Typically, they include hyper- or hypothermia, hypoxia,
reactive oxygen species (ROS), radiation, starvation, hypo or hyperosmotic conditions,
mutations, factors underlying metabolic deficiencies and other pathologic conditions,

heavy metals, toxic agents and drugs (Tiligada et al. 2002).

Fish exhibit several responses to have the compensatory or adaptive mechanism that allow
the fish to mitigate the stressors, maintain homeostasis and survive. These responses are so
important to fish in a short-term stress; however, during the prolonged stressors with severe
intensity, the stress response may be unable to maintain its homeostasis and fish health

could be in danger (Barton 2002; Prunet et al. 2008; Tort & Teles 2012).

In living organisms like fish, a number of waste products are produced from excretion,
microbial breaking down of organic matters and remaining of uneaten food. Nitrogenous
waste products are a result of the breakdown of the amino acids in the proteins we digest
for nutrition, and are universal to all higher vertebrates. Animals excrete this waste in the
form of three main nitrogen products: ammonia, urea, and uric acid. These three products
have a direct relationship between water conservation and energy requirements, meaning
the more energy spent the more water conserved. Ammonia, the least water conserving

form and therefore the least energy requiring, is highly toxic. Due to its toxicity it must



either be excreted or converted into the less toxic variants, such as urea or uric acid. Uric
acid, which is mainly excreted by birds, reptiles, and many terrestrial invertebrates, requires
the least amount of water loss along with the highest energy cost and does not appear to be

excreted in significant quantities by fishes (Wood & Wright, 2009).

Generally, ammonia in aquatic environment exists in two forms (ionized form, NHs+ and
un-ionized form, NH3). Given that it is able to easily diffuse across the epithelial
membranes of aquatic animals due to easily dissolve in lipids, the form of NH3is considered

much more toxic to aquatic animals than NH4+ (Armstrong et al., 2012).

Harmful effects of ammonia on aquatic organisms have been extensively studied. In fish,
for instance, ammonia can disrupt the normal functions of internal organs such as damage
to the gill epithelium and disruption of normal metabolic functioning of the liver and
kidneys (Wang & Leung, 2015). The increased concentrations of ammonia in aquatic
environment can induce the deleterious effects in aquatic animals, due to its toxicity on the
central nervous system of aquatic animals. In addition, the acute ammonia exposure causes
the increased gill ventilation, loss of equilibrium, convulsions, ionic balance failure, and

hyper excitability in aquatic animals (Kim, 2015).

One method of bio-monitoring is to use biomarkers. Biochemical biomarkers are molecules
that are present in the body fluids, cells and tissues of organisms and whose activity is
altered by the presence of toxic agents in the environment. One important set of biomarkers

is the antioxidant defense enzymes that decompose the Reactive Oxygen Species (ROS).



These enzymes have an important role in the control, production and elimination of ROS,
which in excess can alter the normal functions of the cell and lead to oxidation of the cell
membranes as well as lesions in mitochondria, proteins, DNA and other components of the
cell. Natural or anthropic changes in the environment introduce oxidative stress that results

in disequilibrium in the cell by increasing the production of ROS (Batista, 2014).

In response to the production of ROS by the ammonia exposure, superoxide dismutase
(SOD) is an antioxidant defense mechanism in aquatic animals that catalyzes the
conversion of reactive superoxide anions to hydrogen peroxide (H,O>), and catalase (CAT)
play a critical role in detoxification mechanism of hydrogen peroxide (H,O>) into oxygen
(O2) and water (H»O») . Glutathione S-transferase (GST) is also one of antioxidant enzymes,
which is associated to the conjugation and elimination of xenobiotics (Atli and Canli,
2010).Glutathione (GSH), a non-enzymatic antioxidant, decreases both H>O, and lipid
hydroperoxides involved in glutathione peroxidases (GPx) and glutathione reductase (GR)
through the reaction of oxidation—reduction. Overproduction of ROS can damage important
biomolecules, such as DNA, proteins and lipids, and initiate a cascade of events, bringing
about impaired cellular function. These enzymes and non-enzyme play an important role
in the antioxidant defense in vertebrates, preventing cells from adverse effects of oxidative

stress. (Pinto et al., 2016).



1.2. Target genes

1.2.1 Catalase (CAT)

Catalase, which protects tissues against damage by hydrogen peroxide, was one of the first
enzymes proposed to be an effective marker of oxidative stress (Vasylkiv et al., 2011).
Catalase is an important member of the enzymatic antioxidant system and exists in all
oxygen respiring organisms. CAT can effectively catalyze the decomposition of hydrogen
peroxide (H»0,) to keep the balance between de novo H,O, generation and efficient
elimination, which is essential for innate immunity. Additionally, the up- or down-
regulation of catalase can influence diverse biological processes, including cell
proliferation, differentiation, migration and apoptosis, as the H,O; involves in sensing and
signaling of these biological events (Wang et al.,, 2013). The enzyme CAT is widely
distributed in biological tissues and is involved in the decomposition of hydrogen peroxide
into oxygen and water. It is one of the most prominent enzymes involved in defense against
oxidative stress in both vertebrates and invertebrates (Batista et al. 2014).
1.2.2  Glutathione peroxidase (GPx)

Glutathione peroxidase (EC 1.11.1.9 and EC 1.11.1.12) is the general name for a family of
multiple isozymes that catalyze the reduction of H,O; or organic hydroperoxides to water

or corresponding alcohols using reduced glutathione (GSH) as an electron donor (H.O; +

2GSH — GS-SG + 2H,0) (Margis et al., 2008). Glutathione peroxidase (GPx, EC1.11.1.9)



reduces hydroperoxides, including hydrogen peroxides, in the presence of reduced
glutathione as a means of protecting organisms from oxidative damage (Yamashita, 2012).
There are at least five GPX isoenzymes found in mammals. Among them, GPX1 is
considered as the major enzyme responsible for removing H>O,. Overexpression of this
enzyme was observed to protect cells against oxidative damage. Elevation of GPX1 activity
in both FL5 (Hockenbery, et al., 1997) and MDBK cells (Kayanoki, et al., 1996) suppressed
apoptosis induced by H>O,. This evidence indicates that GPX1 is a major antioxidant

enzyme that protects cells against lethal oxidative stress (Li, et al., 2000).

1.2.3 Glutathione-s-transferase (GST)
Glutathione-S-Transferases (GSTs) are a multigene family of dimeric, mainly cytosolic
enzymes, which play an important role in the biotransformation and detoxification of a
number of electropholic compounds (Rao, 2006). The alterations in the GST activities
directly reflect the metabolic disturbances and cell damage in specific organs of fish
(Livingstone et al., 2001). Glutathione-S-transferases constitute a complex family of
proteins that play roles in both normal cellular metabolism and in the detoxification of a
wide variety of xenobiotic compounds. They are predominantly cytosolic defense systems
responsible for protecting cellular components against various toxic effects and oxidative
stress (Sen& Semiz, 2007). It has also been demonstrated that the role of GST in oxidative
stress is of conjugating endogenously-produced electrophiles such as membrane lipid
peroxides in animals (Halliwell & Gutteridge, 1999) as well as in plants (Cummins et al.,

1999).



1.2.4 Superoxide dismutase (SOD)
SOD generally exists in two forms inside the eukaryotic cell, Cu/ZnSOD in the cytoplasm
and outer mitochondrial space (Sturtz et al., 2001), and MnSOD exclusively in the inner
mitochondrial space. In addition, many species have an extracellular Cu/ ZnSOD.
Superoxide generated by the mitochondria and other sources is converted to H,O» and 02
by SOD. Abundant catalase enzyme then converts H,O» to H>O and O». (Landis and Tower,
2005). MnSOD (EC 1.15.1.1) is an essential primary antioxidant enzyme that converts O-,
to H0; and O, within the mitochondrial matrix. A variety of cancer cells have reduced
levels of antioxidant enzymes, especially MnSOD, when compared with their normal

counterpart (Li, et al., 2000).

The SODs convert superoxide radical into hydrogen peroxide. The CATs and GPXs
convert hydrogen peroxide into water. In this way, two toxic species, superoxide radical
and hydrogen peroxide, are converted into the harmless product water. GPX requires
several secondary enzymes (GR and G-6-PDH) and cofactors (GSH, NADPH, and glucose
6-phosphate) to function. In this scheme, GR and G-6-PDH are considered secondary
antioxidant enzymes, because they do not act on ROS directly but enable GPX to function.

(Li, et al., 2000).

In order to explore stresses effect and how the fish respond to them is important aspect
especially to fish farmers as they will make sure to keep their fish in optimum conditions

that will in turn lead to maximization of high productivity and economic return. Different



approaches like bio-monitoring are used to measure stress problems to discover the
response of fish to induced stressor. Therefore, ammonia chemical was used to induce
stress and mRNA expression of our target genes which are catalase (CAT), glutathione
peroxidase (GPx), glutathione-s-transferase (GST) and superoxide dismutase was analyzed

by using semi quantitative PCR technique.

1.3. Objectives of the study

a) To measure effects of ammonia on mRNA expression of catalase (CAT),
glutathione peroxidase (GPx), glutathione-s-transferase and superoxide dismutase
(SOD) expression of marine medaka fish (Oryzias dancena).

b) To analyze expression pattern on different treatment conditions like ammonia

concentration.



2. Materials and methods

2.1. Target genes sequences and RNA isolation.

To get DNA sequences of target genes used in this study, nucleotides were obtained from
NGS database of our laboratory (unpublished data) and consensus sequences were
constructed by using Sequencher 4.9 software.

Total RNA was extracted by using RNeasy plus mini kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions. The target tissues were added to 600 pl buffer
RLT and homogenized by rotor-stator homogenizer. The lysate was centrifuged at 13,000
rpm for 3 minutes then supernatant was transferred to 1.5 ml tube and 1 volume of 70%
ethanol was added. The mixture was then transferred to RNeasy spin column, centrifuged
at 13,000 for 15 seconds and discarded flow-through. After that, 700 ul RW1 buffer was
added to spin column and centrifuged at 13,000 rpm for 5 seconds to wash the spin column
membrane. Then 500 pl of buffer RPE was added to spin column and centrifuged at 13,000
rpm for 15 seconds to wash the spin column membrane. The step was repeated for 2 minutes
and RNeasy spin column was transferred to another 1.5 ml tube and 30 pl RNeasy free
water was added to the membrane and centrifuged at 13,000 rpm for 1 minute to elute the

RNA.

10



2.2. Bioinformatics sequence analysis and multiple sequence

alignment

The structure and organization of OdCAT, OdGST, OdGPx, and OdSOD were compared
with  those of the corresponding orthologues available in  GenBank

(http://www.ncbi.nlm.nih.gov) by running BLAST x and first five orthologues were

obtained to be compared with medaka fish.
Then multiple sequence alignment involving marine medaka amino acid sequence with that

of other 5 selected species was done using http://www.clustalw.ddbj.nig.ac.jp/ and Jalview

2.10.1 software then phylogenetic trees were constructed by using MEGA7 software.
Other information of amino acids were like molecular weight in kilo Dalton (kDa) and

theoretical p.I value were obtained from http://web.expasy.org/protparam/ searching tool.

2.3. Fish and laboratory management

Fish used in this study was laboratory stock propagated strain maintained in the Institute
of Marine Living Organisms, Pukyong National University. 6 months adult marine medaka
fish (Oryzias dancena) average total length of 2.75 cm and total weight of 0.32 grams and

2 months juvenile marine medaka fish (O. dancena) average total length of 1.4 cm and

11



average total weight of 0.05 grams. They were kept throughout the experiment at
temperature 24°C, salinity level of 5 ppt, pH 8.5 and dissolved oxygen (D.O) 8 mg/L.

The fish were fed four times a day, at 10:00 am, 02:00 pm, 04:00 pm and 07:00 pm with
artemia and an artificial diet designed for flounder larvae (Woosung Feed Corp., Dagjeon,

Korea). Larvae were fed with 100 pm and adult 350 pum sizes.

2.4. In vivo exposure of fish to ammonia stress

To understand the expression pattern of target genes in response to ammonia, adult fish
were exposed to 1.5 ppm of ammonia chloride (NHacl) for 24, 48 and 96 hours. Then after
end of each experiment respective experiment time, 5 fish were sampled, anaesthetized in
200 ppm lidocaine and surgical removal of gills and kidney tissues under dry ice was done.
After that, tissues were stored in -80::C to be analyzed.

Also, 2-month-old juvenile fish; average total length, 1.4 cm and 0.05 grams) were
immersed in a 300 ml containers supplemented with NHacl (4.5, 9.0 18 and 36 ppm total
ammonia nitrogen). Treatment duration was fixed at 48 hours and 3 fish were sampled,
anesthetized in 200 ppm lidocaine and whole body part which is posterior part of larvae
fish containing brain, gills, kidney, intestine and liver were surgically obtained pooled

together, dry frozen and stored in -80°C for future analysis.

12



In both experiments, fish were starved for 12 hours before experiment and non-exposed
control groups of similar-sized were prepared in an identical manner, except that ammonia

was not added to the tank instead 1 milliliter of distilled water was added.

2.5. Semi quantitative PCR analysis

Basal expression levels of eachgene in O. dancena tissues were determined
using semi quantitative PCR assay under the methodology used by (Rahman, 2016). This
experiment stage was conducted by using 1 ul of cDNA template, 2 pl each forward and
reverse primers, 15 ul distilled water added to AccuPower® PCR-PreMix (ANTP, Tag DNA
polymerase and Mgcl,) (Bioneer Company, South Korea). Conditions were temperature of
94°C for 20 seconds, 60 °C for 20 seconds, and 72 °C for 20 seconds, with an initial
denaturation step at 94 °C for 2 minutes. The reactions were completed in a thermos cycler
with the following conditions:

Whole body sample CAT, GPX: 24 cycles GST, SOD: 22 cycles

CAT Gill: 26 cycles and Kidney: 26 cycles

GPX Gill: 24 cycles and Kidney: 24 cycles

GST Gill: 26 cycles and Kidney: 26 cycles

SOD Gill: 24 cycles and Kidney: 24 cycles

13



The PCR products were analyzed by electrophoresis in a 1% agarose gel stained with
ethidium bromide (10 pg/ml) and finally the bands were quantified by determining gel
density using image lab 5.2 software.

The expression of CAT, GPx, GST and SOD at between control and ammonia exposure
group were evaluated by using paired t test. A significance level of P < 0.05 was used
throughout the analyses. Statistical analyses were performed using SAS software (SAS

Institute Inc. USA.).

14



3. Results

3.1. Target genes sequences and RNA isolation

DNA sequences of target genes which were obtained from our lab database (unpublished
data), whereby all sequence clones of target genes were assembled and consensus
sequences were made to get the correct sequences. Basic Local Alignment Tool (BLAST)
was used for confirmation and results showed they match with other sequences found in
the database.

After sequences were obtained, they were analyzed to get their related information.

CAT, Figure 1 has got 2,157 base pairs, 61 base pairs 5'-untranslated region (UTR), 515
base pairs 3'-untranslated region (UTR) and 1,581 base pairs open reading frame (ORF)
which encoded 527 amino acids with molecular weight 59.9 kDa and theoretical p.I value
of 8.11.

The full length sequence of GPx, Figure 2 has 925 base pairs, 37 base pairs 5'-untranslated
region (UTR), 330 base pairs 3"-untranslated region (UTR) and 558 base pairs open reading
frame (ORF) which encoded 185 amino acids, with molecular weight of 20.8 kDa and

theoretical p.I value of 6.83.

15



The full length sequence of GST Figure 3 has got 893 base pairs, 79 base pairs 5'-
untranslated region (UTR), 145 base pairs 3'-untranslated region (UTR), 669 base pairs
open reading frame (ORF) which encoded 223 amino acids with molecular weight valued
25.5 kDa and 7.71 theoretical p.I value.

SOD sequence, Figure 4 has got 1,016 base pairs, 5 base pairs 5'-untranslated region
(UTR), 336 base pairs 3'-untranslated region (UTR) and 675 base pairs open reading frame
(ORF) which encoded 225 amino acids, molecular weight of 25.1 kDa and 7.73 p.I value.
Isolation of catalase (CAT), glutathione-S-transferase (GST), glutathione peroxidase (GPx)
and superoxide dismutase (SOD) RNA was done in order to confirm the sequences of the
target genes by obtaining full sequence from DNA molecule. Then, designed primers were
used randomly to verify sequences used in our study and turned out to be proved.

Also isolated RNA sequence was used in determination of expression assay of the target

genes. The primers used are shown in the Table 1.
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ttgcgctacatcttctgcectgttttgectaaggctagcaaacttccaggcaatttctgtcaacATGGC
TGAGAACAGAGATAAAACTACCGACCAAATGAAGGCGTGGAAGGAGAACAGAGGTTCTCGGAAACC
AGACGTCCTGACCACTGGGGCTGGACATCCCATTGGAGACAAGCTGAACCTGCAGACAGCTGGACC
CAGAGGCCCTCTTCTGGTCCAAGATGTGGTCTTCACTGATGAAATGGCCCACTTTGACCGGGAGCG
GATCCCAGAGAGAGTGGTGCACGCCAAAGGAGCAGGGGCGTTCGGCTACTTTGAGGTCACCCATGA
CATCACCCGCTACTGCAAAGCCAAAGTGTTTGAACATATTGGAAAAACGACACCCATTGCTGTCCG
TTTCTCCACCGTTGCTGGAGAGTCTGGATCGGCTGACACAGTTCGAGATCCCAGAGGATTTGCTGT
CAAGTTTTACACTGACGAGGGCAACTGGGACCTCACGGGCAACAACACCCCTATTTTCTTCATCAG
GGACGCCCTACTGTTTCCGTCCTTCGTCCACACCCAGAAGCGTAACCCCCAGACTCACATGAAAGA
CCCTGACATGGTGTGGGACTTCTGGAGCCTGAGGCCTGAGTCTCTGCATCAGGTGTCCTTCCTGTT
CAGTGACCGGGGTCTGCCTGATGGTTACCGCCACATGAACGGCTACGGTTCCCACACTTTCAAGCT
GGTCAACGCTCACGGCGACCGCTTCTACTGCAAGTTCCACTACAAGACTGACCAAGGAATTAAGAA
TCTTTCGGTGGAGAAGGCGGCGCATTTGTCGTCTACCAACCCTGACTACGCCATTGGAGACCTGTT
CAATGCAATTGCTAATGGAAACTACCCATCCTGGACTTTTTACATTCAAGTCATGACTTTTGAGCA
GGCAGAGAAATTCCAGTTCAACCCCTTCGATCTGACAAAGGTGTGGTCCCACAAAGAATTCCCATT
GATCCCAGTGGGAAGAATGGTCCTCAACAGGAATCCCGTCAACTACTTTGCAGAGGTGGAGCAGCT
GGCCTTTGACCCCAGCAACATGCCCCCCGGCATTGAGCCCAGTCCTGACAAGATGCTGCAGGGCCG
GCTCTTTTCCTACCCCGACACCCACCGACACCGGCTGGGGGCCAACTACCTGCAGATCCCCGTCAA
CTGTCCTTTCAGGACCCGGGTTGCCAATTATCAGCGGGACGGCCCCATGTGCATGTTTGACAACCA
AGGCGGTGCTCCAAACTACTACCCAAACAGCTTCAGCGCCCCAGAGACCCAGCCTCAGTTTGTGGA
GTCCAAGTTCCAGGTGTCTCCTGATGTGGCACGGTACAACAGTGCAGATGACGACAATGTGACTCA
GGTTCGTGCCTTCTATACCAAAGTGCTAAATGAGGACGAGCGCCAAAGGCTTTGCCAGAACATGGC
GGGGGCCCTGAAGGAAGCGCAGCTGTTTATCCAGAAACGAATGGTGGAGAACTTGAATTCTGTCCA
TCCTGACTATGGAAACAGAGTTCAGGCCCTCCTGGATAAATATAATGCAGAGGCCAAAAAGAGCAC
CAGTGTGCACGTCTACAGCCGCCCAGGAGCCTCCGCCATCGCTGCTTCCTCCAAAATGtgaagctc
cgcctcectcectectcectaacctcagaggaatcgtgattacctgatagaacaacagtcgactgaacct
gctaataatgaagtgtgtctttgctagcagttgattatctttgcagcgcaatactgtcaaaaacaa
gatgatcgtaatccagacaaacgtctggaattaatcctgtttctctggatctgtggacgtgtegtce
ttctggaacaactgtctttcctgatgctgegtcecttcatgaacgtgtgtgagaactataactgtttt
attgtgtggaaggatgtgcacacgcacgtgcactcgcctttaaaacgttctgctgggatgatgaga
atcacactgttgtataggtgtgtgaacagtctgggtctgccacgcccactagaggcggggctatcet
gatcgaagcttcaattatacagattttctttgtactctgtcaataatatattctaatgaaaacatt
tttataatcattaaaagttctaaacaaaattaaaaaaaaaaaaaa

Figure 1. Full length sequence of O. dancena CAT gene. The ORF is underlined and Poly-
adenylation signal is highlighted with grey color.
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gttttgtgcctttatagtggctaactgaacggcagccATGCTGCTGGCAGGCTGTACAGTGCTTTT
CTCTGTCCTGCTGCAGGCTATGTCTTCCCCGACTGAGGACTGGCAGAGGGCAACATCTATTTATGA
TTTCAATGCAACAGACATCGATGGCAATGTGATTCCCTTGGAAAAGTACAGGGGGAACGTTGTCAT
CATCACCAACGTTGCCTCCAAATGAGGCAAAACCGTAGTAAACTACTCTCAGTTTGCAAAGATGCA
CGCCGCGTATGCTGAGAGGGGTTTACGCATCCTCGCTTTCCCATCGAACCAGTTTGGGAATCAGGA
GCCGGGTAATGAAACTCAGATCAAGGAGTTTGCTGAGTCCTTCGATGCTCATTTTGATATGTTTAG
TAAGATTGACGTGAATGGACCCAACGCTCACCCTCTGTGGAAGTGGTTGAAGGAGCAGCCAAATGG
TAAAGGAATTTTTGGAAATAGCATCAAGTGGAACTTCACTAAGTTTTTGATCAACAGAGAGGGACA
GGTGATGAAAAGATACGGACCACTGGATGATCCAAGTGTGGTGGAAAAGGATCTTCCTAAATACCT
Ttaaccttctgacggatggcctattcectgttttgacgectgtttatgectgtgtgtttecactgettt
cttcatctcttcaagcaccggtggacatacttgtaactcccctccagaccaatgatggactgttcg
aaaatccactcgctgggcagaacagacctgataaaactggcgtgcaaacctgctgggaggatttaa
aagcttatgttcccttggtttcecctgaagtgcagagagcatgagaacatcaatatttgaacagettce
aaatcctgccttgtgttcttaataaatatattccttctactaaaaaaaaaaaaaaaaaaaaaaaaa

Figure 2. Full length sequence of O. dancena GPx gene. The ORF is underlined and grey
highlighted part is Poly-adenylation signal.
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gtttgttataaaagcagacgtgtgaagccgtcctgecgectccactcecectecttcagetgaactttece
tcaccctgecgaccATGGCCAAGGACATGACTCTGCTGTGGGGCTCCGGCTCTCCCCCCTGCTGGAG

GGTGCAGATCGCTCTGGAGGAGAAGAACCTGCAGGGATACAACCAGAAGCTGCTGTCCTTTGAGAA
AGGGGAGCACAAATCCAAGCAGGTCCTGGAGATCAACCCCAGGGGTCAGCTTCCTGCTTTCAAACA
CAAGAACATAATTGTGAATGAGTCCTACGGCGCCTGCATGTACCTGGAGAACCAGTTCAAGTCTCA

GGGGAACCAGCTGATCCCTGAGGGCGCCGCCGAGATGGGCCTGATGTACCAGCGCATCTTTGAGGG
ACAGACTCTCTTCCAGAAACTGGCTGACGTTCTCTTCTACACCTGGAAAGTCCCAGAGGCGGAGAG

ACACAACTCAGCAGTGGAGAGAAACACTGAGGCCCTGAAACAGGAGATCCAGACGTGGGAGGGGTA
TTTGAAGGGACCCGGCGGTTTCCTGGGTGGGAAGTCCTTTTCTCTCGCTGATGTCATCGTTTACCC
AGTTATTGCTTTTTTCTTCCGATTTGGAGGAAATGAGAACCATTACCCAAACCTGGCAGCGTACTA

CAACAAACTGAAGGAAAGACCCAGCATCAAGAAGACCTGGCCTCCTACCTGGGAGGAGACACCTGG
ACAGGAGGCGCTGAAGGACCTCtaagacgtccacctgctcecgttgtgttttcatgtttaaccactt

cctgtttcactgtgtaattctctagtcacatttgtcactgaaaatagattttgtgatgtgaatata

ataaatgtaaattgtagaaaaaaaaaaaaaaaaaa

Figure 3. Full length sequence of O. dancena GST gene. The ORF is underlined and grey
highlighted part is Poly-adenylation signal.
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caaacATGCTTTGCAGAGTCTGGCAAATGCGCAGTTGTGCATCAGTTCTTAACCAAGCAGCTTCTT

GGAAAGTCGGATCCAGACAGAAACATACACTTCCTGACCTGACCTATGACTATGGCGCCCTGGAGC

CCCACATCTGTGCAGAGATAATGCAGCTGCACCACAGCAAACACCATGCAACCTATGTCAACAACC

TCAATGTAACAGAGGAGAAGTATCAGGAGGCACTTGCTAAGGGAGACGTGACCGCACAGGTAGCTC

TTCAGGCGGCTTTGAAGTTCAACGGAGGAGGTCACATTAACCACACCATCTTTTGGACGAACCTTT

CTCCTAATGGTGGAGGCGAGCCACAAGGGGAGCTCATGGAGGCCATCAAACGAGACTTTGGCTCCT
TCCAGAAGATGCAGGAGAAGCTCTCCGCTGCCACGGTGGCGGTGCAGGGCTCAGGATGGGGATGGC

TAGGTTATGACAAAGAGAGTGGAAGATTACGCGTCGCCGCTTGTGCTAACCAAGACCCTCTGCAGG

GAACTACAGGTCTCATCCCCCTCCTCGGTATTGACGTTTGGGAGCACGCTTACTATCTTCAGTATA

AAAATGTCCGCCCTGACTATGTAAAGGCTATTTGGAATGTCGTTAACTGGGAAAATGTGAGTGACC

GTCTTCAGACGGCCAAAAAGtagaagcaaatctcctacaactttaatcaaataataatattcagat

caatagaatcacagtaaatgagtgttgctctgattgtattgtttttggaggatgtacattgaataa
acttaaagttatatgcaatttactttttgtaaccagctgtcaacttttgtcagaacgcacaaaaaa
tggccgcecctttaacgtcgaaggtggettttgttttcgacgatggaagaacaaattcagagctggat
cgttgtctgacttgcatgacactaaaatcagattccagttcatgttttttgatgtaataaattcaa

acatttcaataaaaaaaaaaaaaaaa

Figure 4. Full length sequence of O. dancena SOD gene. The ORF is underlined and
grey highlighted part is Poly-adenylation signal.
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Table 1. Primers used in this study

Oligo Name

Oligo Sequence

Mer (s)

Amount

Purification

qOD_CAT FWI

GCT
CTA
GC

GTT
AGG

TTG
CTA

20

0.05

MOPC

qOD_CAT RVI

GGT
TGT
TG

TCA
CTC

GCT
CAA

20

0.05

MOPC

qOD_GST FW1

CCT
GCT
TC

CCT
GAA

TCA
CTT

20

0.05

MOPC

qOD_GST RV1

CCT
AAG
AG

TTC
GAC

TCA
AGC

20

0.05

MOPC

qOD_SOD FW1

CCA
TTC
AG

AGC
MHNE

AGC
GAA

20

0.05

MOPC

qOD_SOD RV1

GTT
TGT
TG

GCA
TTG

TGG
CTG

20

0.05

MOPC

qOD_GPX_FW1

CAG
(e T
TG

TGC
CTG

TTT
TEE

20

0.05

MOPC

qOD_GPX _RV1

€ T\C
AGG
TG

ATT
CAA

TGG
CGT

20

0.05

MOPC

21




3.2. Multiple sequence alignment and bioinformatics sequence

analysis

The multiple alignment of O. dancena's amino acid sequences with that of other close
related species chosen from the first top 5 orthologues of each target gene’s BLAST result.
Our results showed that the species are related to one another as they exhibit similarities of
their amino acid sequences and they seem to have common ancestors during evolutionary
development. The results also showed that the most amino acid units are conserved among
the group of analyzed sequences. Uniform colored columns show unspoiled conservation
of either identical amino acids denoted with asterisk (*) or similar amino acids by which
the score of similarity was shown in number out of 10.

The multiple alignment of marine medaka CAT amino acid sequences (Figure 5) with
those from other species showed the highest level of identity to O. melastigma (99%), O.
sinensis (96%), O. latipes (96%), Lates calcarifer (92%) and Sparus aurata (92%).
Multiple sequence alignment of marine medaka GPx amino acid sequences (Figure 6) with
other species revealed the highest level of identity to O. latipes (91%), Cyprinodon
variegatus (90%), Xiphophorus maculatus (89%), Poecilia Mexicana (88%) and Poecilia
reticulata (87%).

For GST, the results of multiple sequence alignment marine medaka GST (Figure 7) and
other species indicated similarity of 86% to O. latipes, 73% to C. variegatus, 72% to Solea

senegalensis, 70% to Pleuronectes platessa and 67% to Anoplopoma fimbria.
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The results of multiple alignment of SOD amino acid sequence (Figure 8) with other
species showed that marine medaka is related to O. latipes by 96%, Cynoglossus semilaevis,

Austrofundulus limnaeus and Oplegnathus fasciatus by 90% and finally 89% to Lutjanus

peru.
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Jalview 2.10.1 Multiple sequence alignment results

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

1216 180
121 180
121 180
121 180
1218 180

121 180

181
181
181
181
181
181

: 1 | Y ||
: 7 i . 4 Y

Figure 5. Multiple sequence alignment of CAT gene of marine medaka fish and other
close related species. Identical amino acids are denoted with asterisk (*) and
similar amino acid residues scores were computed out of 10.
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Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

Oryzias dancena/1-527
Oryzias melastigma/1-527
Oryzias sinensis/1-527
Oryzias latipes/1-527
Lates calcarifer/1-527
Sparus_aurata/1-529

Conservation

241
241
241
241
241

2416

481
481
481
481
481
481

Figure 5 (Continued)
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Jalview 2.10.1 Multiple sequence alignment results

Oryzias dancena/1-186
Oryzias latipes/1-186
Cyprinodon variegatus/1-186
Xiphophorus maculatus/1-186
Poecilia mexicana/1-186
Poecilia reticulata/1-186

Conservation

Oryzias dancena/1-186
Oryzias latipes/1-186
Cyprinodon variegatus/1-186
Xiphophorus maculatus/1-186
Poecilia mexicana/1-186
Poecilia reticulata/1-186

Conservation

Oryzias dancena/1-186
Oryzias latipes/1-186
Cyprinodon variegatus/1-186
Xiphophorus maculatus/1-186
Poecilia mexicana/1-186
Poecilia reticulata/1-186

Conservation

P e S S S e

125 [ 186
125 186
125 186
125 186
125 L 186

5 T

Figure 6. Multiple sequence alignment GPx gene of marine medaka fish with other close
related species. Identical amino acids are denoted with asterisk (*) and
comparison of amino acid residue scores were computed out of 10.
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Jalview 2.10.1 Multiple sequence alignment results

Oryzias dancena/1-223
Oryzias latipes/1-243
Cyprinodon variegatus/1-223
Solea senegalensis/1-224
Pleuronectes platessa/1-224
Anoplopoma fimbria/1-224

Conservation

Oryzias dancena/1-223
Oryzias latipes/1-243
Cyprinodon variegatus/1-223
Solea senegalensis/1-224
Pleuronectes platessa/1-224
Anoplopoma fimbria/1-224

Conservation

Oryzias dancena/1-223
Oryzias latipes/1-243
Cyprinodon variegatus/1-223
Solea senegalensis/1-224
Pleuronectes platessa/1-224
Anoplopoma fimbria/1-224

Conservation

Oryzias dancena/1-223
Oryzias latipes/1-243
Cyprinodon variegatus/1-223
Solea senegalensis/1-224
Pleuronectes platessa/1-224
Anoplopoma fimbria/1-224

Conservation

167 223
184 243
167 223
167 224
167 224
167 224

55756686766754775666554

75563757556465758344236

Figure 7. Multiple sequence alignment GST gene of marine medaka fish with other close
related species. Identical amino acids are denoted with asterisk (*) and
comparison of amino acid residue scores were computed out of 10.
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Jalview 2.10.1 Multiple sequence alignment results

Oryzias dancena/1-225
Oryzias latipes/1-226
Cynoglossus semilaevis/1-225
Austrofundulus limnasus/1-225
Oplegnathus fasciatus/1-225
Lutjanus-_peru/1-231

Conservation

Oryzias dancena/1-225
Oryzias latipes/1-226
Cynoglossus semilaevis/1-225
Austrofundulus limnaeus/1-225
Oplegnathus fasciatus/1-225
Lutjanus- peru/1-231

Conservation

Oryzias dancena/1-225
Oryzias latipes/1-226
Cynoglossus semilaevis/1-225
Austrofundulus limnaeus/1-225
Oplegnathus fasciatus/1-225
Lutjanus-_peru/1-231

Conservation

Oryzias dancena/1-225
Oryzias latipes/1-226
Cynoglossus semilaevis/1-225
Austrofundulus limnaeus/1-225
Oplegnathus fasciatus/1-225
Lutjanus- peru/1-231

Conservation

8555

YoM oo

225
226
225
225
225
231

Figure 8. Multiple sequence alignment SOD gene of marine medaka fish with other close
related species. Identical amino acids are denoted with asterisk (*) and
comparison of amino acid residue scores were computed out of 10.
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Phylogenetic trees

The trees have been constructed to verify multiple sequence alignment as result suggested
that the fish selected were closely related and share common ancestors.
Figure 9 and Figure 10 show the relation of the selected species by using target genes

amino acid molecules.
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A O. dancena CAT

0.002
1000
0.014
0. CAT, AGE44248 1
0.000
0. sinensis CAT, AKG51681.1
0.001
1000
0.018
O. latipes CAT, XP 004069508.1
0.003
L. calcarifer CAT, XP 018531423
0.023
1000
0.033
S. aurata CAT AFV39797.1
B 0.032
P GPx, XP 0148424451
0,001
P. GPx, XP 008405479 2
0,015
X. GPx, XP 014326969.1
0.014
931
0.013 C. vari GPx, XP 0 1
0.030
947
0.021
0. dancena GPx
0.031
972
0.042
0. latipes GPx. XP 011472685.2
0.050

Figure 9. Phylogenetic tree of marine medaka with other 5 teleost species. A shows

CAT and B represents GPx.
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Phylogenetic trees

P. pk GST, CAAB4495
0.095
A fimbria GST, ACQ58840.1
0.092
667
0.012
S g GST, BAG12568.1
0.088
c g GST, XP 0152426551
0.122
1000
0.051
0. d GST
0.050
1000
0.091
O. latipes GST, XP 004085717.2
0.084
0.fa SOD, AF064916.1
B 0.011
559
0.006
L SOD, ANS56706.1
0.020 e
Al SOD. XP 013865450.1
0.028
C. I SOD: XP-008311338.1
0.041
890
0.017 4
v Oryzias dancena
999
0.041
Iatipes XP 004083519.1
e Oryzias latipes

Figure 10. Phylogenetic tree of marine medaka with other 5 teleost species. A shows

GST and B represents SOD.
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3.3. Semi quantitative PCR results

Expression of CAT in the gills of adult marine medaka fish when exposed to 1.5 ppm
showed no significant difference compared to the control (P>0.05) but in the kidney, CAT
revealed significant difference between control and treatment group (P<0.05) Figure 11.
Expression in the gills was slightly high compared to the kidney. No remarkable difference
in expression of gill and kidney CAT noticed among exposure days.

Expression of GPx in the gills and kidney of adult marine medaka fish exposed to 1.5 ppm
showed that there is significant difference compared to the control (P<0.05) Figure 12.

In gills, no significant difference of expression was seen but in kidney, expression was
progressively up regulated as exposure time increases.

Expression of GST in the gills and kidney of adult marine medaka fish exposed to 1.5 ppm
showed that there is significant difference compared to the control (P<0.05) Figure 13. But
no difference was seen among 24, 48 and 96 hours.

SOD results of both gills and kidney of adult marine medaka fish exposed to 1.5 ppm
showed that there is significant difference between control and experiment group (P<0.05)

Figure 14. But for exposure duration no much differences was noticed.
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CAT expression-adult

H Control (0 ppm) ® 1.5 ppm NHACI
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Figure 11. CAT expression result of adult medaka fish gills and kidney.
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GPx expression-adult
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Figure 12. GPx expression result of adult medaka fish gills and kidney.
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GST expression-adult

H Control (0 ppm) ® 1.5 ppm NH4CI

_2,500.00
=

@ 2,000.00

8

£ 1,500.00

©

c

= 1,000.00

&  500.00

o

2 0.00

_S Gill Kidney Gill Kidney Gill Kidney
2 24 Hrs 48 Hrs 96 Hrs

u% Exposure duration

Figure 13. GST expression result of adult medaka fish gills and kidney.
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SOD expression-adult

H Control (0 ppm) ® 1.5 ppm NH4CI
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Figure 14. SOD expression result of adult medaka fish gills and kidney.
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For juvenile marine medaka fish, Figure 15, the expression of CAT was upregulated in
the concentration 4.5, 9 and 18 ppm but in 36 ppm it decreased compared to the first three
groups but showed higher expression compared to control (o ppm).

The expression pattern of juvenile marine medaka fish’s GPx (Figure 16) increased
slightly from concentration 4.5 and 9 ppm then increased to the abruptly in the
concentration 18 ppm and down regulated to the nearly same level as 0 ppm which is
regarded as control.

The expression of GST gene of juvenile marine medaka fish shown in Figure 17 was
high in experiment groups compared to control (0 ppm) and the highest expression was
observed in concentration of 4.5 ppm compared to others.

The result of SOD expression of juvenile marine medaka fish (Figure 18) showed
gradual expression level in the concentrations 4.5, 9, 18 and 36 ppm. All these

experiment groups are higher compared to control group.
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CAT expression-juvenile
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Figure 15. CAT expression of whole the body juvenile medaka fish exposed to different
ammonia concentrations for 48 hours.
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Figure 16. GPx expression of whole the body juvenile medaka fish exposed to different
ammonia concentrations for 48 hours.
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GST expression-juvenile
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Figure 17. GST expression of whole the body juvenile medaka fish exposed to different
ammonia concentrations for 48 hours.

SOD expression-juvenile
1,300.00 T

1,250.00

1,200.00 *

1,150.00 . e g
1,100.00 . = i =

1,050.00 I

1,000.00
0 ppm 4.5 ppm 9 ppm 18 ppm 36 ppm

Concentration (ppm)

Expression level (gel band intensity)

Figure 18. SOD expression of whole the body juvenile medaka fish exposed to different
ammonia concentrations for 48 hours.
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4. Discussion

Antioxidant enzymes like CAT, GPx, GST and SOD play important role in the body system
to stabilize physiological functions when the body is exposed to stress. Ammonia is toxic
to aquatic animals including fish and is regarded as stress inducer. Hence, Fish have
evolved a number of different strategies to defend against ammonia toxicity at the cellular
and the subcellular level (Ip et al., 2005).

The expression of gill CAT in adult showed no significant difference between control and
experiment group (P>0.05) Figure 11 probably because of downregulation in the
expression pattern between control and experiment group was not significant as ammonia
concentration or short exposure duration could not affected the expression pattern. The
antioxidant system has shown gradual declining of CAT expression as time goes on
suggesting that the saturation level was reached and mechanism was stopped and could not
mitigate the stress induction effect any longer.

For expression of CAT in the kidney, we observed significant difference between control
and experiment group (P<0.05) Figure 11. This is because the gill responded to ammonia
stress treatment induce high expression of CAT enzymes to act up on the designated
stressor. Hegazi et al. (2010) reported a significant increase in the CAT activity of Nile

tilapia, Oreochromis niloticus exposed to ammonia. For this result, we can get clear picture

40



that for the concentration used, the kidney responded successfully compared to gill which
showed no significant difference between control and experiment group. This signifies the
effect of ammonia and antioxidant response shown by the fish.

For GPx of adult medaka in the kidney organ, the result showed no significance difference
was observed between control and treatment group (P<0.05) Figure 12. This is probably
because of low induction dose and short exposure duration. This has shown that the gill
responded efficiently due to ammonia stress compared to kidney and significance
difference was observed compared to kidney which its expression could not show
significant difference between the two compared groups of control and experiment.
Generally, GPx catalyzes the reduction of H>O, and a variety of lipid peroxides by using
GSH which is further oxidized to GSSH and this expression (Sinha et al, 2015). Hence its
expression is resultant feature of homeostatic mechanism to mitigate adverse effects of
ammonia stress.

For GST, both gill and kidney showed significant difference between control and
experiment group signifying the effect of ammonia treatment to adult medaka fish
(P<0.05) Figure 13. This also indicate the moderation mechanism of the fish to respond
to ammonia stress was initiated after exposure. Glutathione-S-transferases (GST)
functions a main role in detoxification of deleterious electrophilic xenobiotics such as
environmental toxicants (Keen and Jakoby, 1978). Mari (2001) suggested that oxidative
stress can increase GST, which is a defense mechanism against oxidative stress or cellular

damage.
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In the gill of adult medaka fish, the expression of SOD showed significant difference
between control and experiment group (P<0.05) Figure 14. This is illustration of how SOD
in the gills responded to ammonia stress and help to stabilize body metabolism.

Turning on the kidney, no significant difference was observed between control and
experiment group (P>0.05) Figure 14. This is because of low response rate of kidney SOD
due to ammonia exposure.

On the other side, the expression of CAT in juvenile medaka fish showed upregulation in
4.5, 9, and 18 ppm and slightly downregulated but was higher compared to control group
Figure 15. This is probably the antioxidant mechanism was effectively working but after
reaching 36 ppm, the system was saturated and expression was decreased compared to other
experiment groups.

The expression of GPx in the juvenile medaka fish was gradually upregulated and
eventually reached highest expression level at the concentration 18 ppm Figure 16. This
suggests that the concentration caused significant effect to the fish.

For GST of juvenile medaka fish, the expression increased significantly at 4.5 ppm and
decreased at 9, 18 and slightly increased at 36 ppm but could not reach the level of 4.5 ppm
Figure 17.This suggests that 4.5 ppm resulted to higher response rate but thereafter the
response mechanism was saturated and could neither maintain nor increase the expression
level.

For SOD, the expression level was increasing in the course of ammonia concentration
Figure 18. As concentration increased from 4.5 to 36 ppm, the expression level was also

increasing signifying that the more the concentration the more SOD level was observed.
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Oxidative stress exposed to ammonia stress is indicated by changes in ROS production in
pufferfish. A major defense mechanism for reducing the production of ROS is achieved by
raising the levels of antioxidant enzymes, such as superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT) and glutathione reductase (GR). The superoxide anion,
the parental form of intracellular ROS, is a highly active molecule, but it can be converted
to H>O, by SOD (Jin et al., 2011). GPx and CAT eliminate H,O, effectively, thus reducing
its toxic effect.

In juvenile yellow catfish, Pelteobagrus fulvidraco it was observed significant difference
in 5.7 ppm for 28 days (Li et al., 2016). In the study of rockfish Sebastes schlegelii, which
concentration was 0, 0.1, 0.5 and 1 ppm but duration was 14 and 28 days, the CAT, GST
and SOD activities were substantially increased by the ammonia exposure depending on
water temperature, which may be induced in the process of xenobiotic detoxification for
the ammonia exposure depending on water temperature (Kim et al., 2015).

Relative expression levels of antioxidant enzyme genes SOD, CAT, GPx indicated
increase of expression after ammonia challenge of 78 ppm for 24 and 48 hours in in
pufferfish (Takifugu obscurus) (Cheng et al., 2015). In goldfish and carp, SOD activity
increased respectively from 24 h and 48 h up to 84 h when exposed to 72 ppm NH4HCO3
(Sinha, et al., 2014). Also CAT activity of liver increased after 48 hours, 84 hours and 180
hours.

In grass carp, which was exposed in 144 ppm, the SOD activity was significantly increased
as early as 2 hours of HEA exposure (p <0.05), but was slowly declined until 8 hours and

showed no significant difference with control (p > 0.05). However, the activity of SOD
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rose again and reached the highest peak after 24 hours exposure (p < 0.05). Significant
effects were found on liver CAT activity after fish exposed to HEA. HEA treatment group
had the highest CAT activity at 2 hours (p > 0.05), and then significant decline of CAT
activity occurred as the exposure time prolonged to 4 hours (p < 0.05). The CAT activity
in the samples with longer than 4 hour exposure were significantly lower than that in the

control (p < 0.05) (Jin, et al. 2017).
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5. Conclusion

Conclusively, the results of this study has shown that ammonia chemical is an agent of
stress and can sauce oxidative stress to marine medaka fish and inturn the body system
undergo response mechanism to prevent the effects of the stress by the use of enxymes like
CAT, GPx, GST and SOD. As seen in this study, gills and kidney play important role in
the antioxidant mechanism as they are evolutionary evolved to protect the body against
chemical stressors like ammonia through excretion pathways.

From the findings we got from the current study, we can use the information to develope
antioxidant chemical compounds from aquatic resources like seaweed and measure the
degree of effectiveness in helping fish body to adjust homeostatic balance after being
exposed to ammonia stress. The future coming studies should focus on measuring ammonia
stress response of fish exposed in a particular concentration and analysis should be between

fish fed with supplemented antioxidant and non antioxidant feeds.
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