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ABSTRACT: Fish fingerling mortality due to transportation stress is one of the major problems in fisheries
sector of Bangladesh. The present study aimed to understand the stress responses of fish fingerlings
transported in a traditional way in Bangladesh. As indicators of oxidative stress, we monitored the production
of hydrogen peroxide (H202) and activity of two antioxidant enzymes, superoxide dismutase (SOD) and
glutathione peroxidase (GPx) during hypoxic transportation and after reoxygenation events. Tilapia
(Oreochromis mossambicus) and silver carp (Hypophthalmichthys molitrix) fingerlings were transported in
hypoxic condition for 6 hours in aluminum vessels and subsequently released into normoxic (D0>5.0 mgL-1)
condition and reared for 16 days to observe delayed mortality. We found that Silver carp fingerlings were most
susceptible to mortality during transportation and delayed mortality (51.93+8.06%) was found even higher
than the Tilapia fingerlings. During hypoxic transportation H,0, production was significantly (p<0.05) higher
but SOD and GPx activities were found significantly (p<0.05) lower. However, at normoxic condition after initial
increase up to 12 hours theH,0; production gradually decreased while the GPx and the SOD activity increased
gradually in the transported fingerlings. Our findings suggest that fish fingerlings transported in the traditional
system suffer from oxidative stress, playing role in their early and delayed mortality even after release to
normoxic condition.
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INTRODUCTION production is increasing generously over the years;

Fisheries sector of Bangladesh is expanding as a potential NoWever, fish fry and fingerling transportation remains as
economic subsector contributing 3.30% of Gross a bottleneck for proper development of this sector in

Domestic Product (GDP) of Bangladesh’. Fish seed Bangladesh. Historically, transportation of live fish is a
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common practice particularly in the rural areas of
Bangladesh and often represents the only means of
supplying fish fry/fingerlings for culture?. The traditional
method which accounts for 95% of live fish fry and
fingerling transportation in Bangladesh is simply the use
of water filled small aluminum or plastic containers with
continuous hand agitation for a duration of 1 to 6
hours®.During transportation fish seeds face chronic and
acute stress due to low dissolved oxygen (DO)
concentration, high ammonia or nitrite levels, improper
temperature or a high or low pH of the water;
consequently fish have impaired growth*® and
unpredictable mortality®.What is surprisingly observed is
that the continuation of such mortality even after the
termination of the stress causing delayed mortality ',
which often reached up to 90-100% in some freshwater
fish like largemouth bass®°.Bangladesh loss a total of
6200 mt fish fingerlings annually due to transport related
mortality of which 4-12% was reported as immediate
mortality whereas delayed mortality was 27-49% **.

The dissolved oxygen (DO) concentration is one of the
most limiting factor in fish transportation systems. Most
fish species can tolerate a drop in the DO below their
minimum requirements for a short period. Hypoxia
(dissolved oxygen concentration <2.0 mg/L) is a severe
environmental stress that causes fish death A
mismatch between oxygen supply and its demand at the
cellular level may result in a hypoxic condition. All
aerobic living organisms including fish produces reactive
oxygen species (ROS) namely superoxide (Oy*-),
hydrogen peroxide (H,O,), hypochlorous acid (HOCI),
singlet oxygen (‘0,), lipid peroxides (ROOH) and
hydroxyl radical (OHe) as a byproduct of aerobic
respiration **. Under hypoxic conditions, the cellular ROS
level is reported to be enhanced™.The overproduction
and/or mismanagement of ROS lead to the general
phenomenon of oxidative stress that is implicated in aging
and death '®Y. However, aerobic organisms have
developed a comprehensive antioxidant defense system to
prevent excess oxidation and damage'.The antioxidant
enzymes such as superoxide dismutase (SOD) can act as
the first line of defense against ROS by converting
superoxide radical (O,*—) to peroxide (H,0,); catalase
which reduces H,O, to water, and the scavengers like
glutathione peroxidase (GPx) has role in detoxifying
H,0, and organic hydroperoxides®®.H,0, serves as a key
regulator for a number of oxidative stress-related states.
The cellular half-life of hydrogen peroxide is reported
about 1 millisecond which can diffuse away from its
source and may damage other biomolecules of the
organisms**.H,0, has comparatively longer half-life than
other reactive oxygen species; so it could be trapped in
vivo and as such can serve as a marker of oxidative stress.
Antioxidant enzymes, such as SOD and GPx are
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considered to be potential markers for identification of
stress caused by environmental factors .

Most studies on oxidative stress in fish so far have
focused on the toxicological aspects, such as the effects of
xenobiotics and heavy metals on the activities of
antioxidant enzymes and the intensity of lipid
peroxidation 2%, There are some comparative studies on
the activity of antioxidant enzymes among various fish
species . The molecular aspects of stress especially on
the fry and fingerlings during their transportation are
underrepresented in literature. We hypothesize that
monitoring the ROS production and the presence of
antioxidant enzymes in cells during and after
transportation could provide valuable information for
better understanding the reasons behind the substantial
mortality of fish fry and fingerlings. We will use silver
carp  (Hypophthalmichthys  molitrix) and tilapia
(Oreochromis mossambicus) fingerlings as model, the
former representing one of the major culture species of
Bangladesh whereas the tilapia represents a hardy culture
species in Bangladesh. This study will focus on the effects
of hypoxia and subsequent reoxygenation (hypoxia to
normoxia) on H,O, production and consequent
antioxidant enzymes SOD and Gpx responses during
transportation of Silver carp (Hypophthalmichthys
molitrix) and tilapia (Oreochromis mossambicus)
fingerlings in Bangladesh.

MATERIALS AND METHODS

Sampling and experimental fish

Tilapia (Oreochromis mossambicus) (6.7 + 0.16cm and 3.97
*+ 0.22g) and Silver carp (Hypophthalmichthys molitrix)
fingerlings (9.36 + 0.09cm; 5.71 + 0.11g) were collected
from the rearing pond of Government fish seed production
farm of Debidwar, Comilla, Bangladesh. Fingerlings were
conditioned in an artificially made hapa (net enclosure) in
the rearing pond for 6 hours (h) before transportation.

Transportation

The preconditioned fingerlings were loaded in 30L
aluminum vessel. Fingerlings were transported at 250
gl™! loading density to simulate the traditional
transportation method used in Bangladesh.Fingerlings
were brought to the laboratory after 6 h of transportation.
Hand agitation was performed during transportation to
facilitate aeration same as the fish traders do during fish
fry transport. To avoid reoxygenation, we did not
exchange water during transportation. DO and
temperature were measured at interval during
transportation.

Reoxygenation

After 6h of transportation, fingerlings (n= 100 in each
group) were released in three tanks (1000L) filled up with
pond water to observe delayed mortality and reared for 16
days. The water was exchanged at every 24 h interval and
continuous aeration was provided using aerators.
Dissolved oxygen (DO) and water temperature were
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measured every day (Table 1). Fish were reared with
artificial feed at 2% of body weight in every 24 h interval.

Sampling

Fingerlings samples were collected at Oh, 1h, 3h and 6h of
transportation and Oh, 12h, 24h, 48h, 96h, 192h and 384h
after releasing (reoxygenation) in tanks. All samples were
immediately frozen in liquid nitrogen and then stored at -
80° C until analyzed.

Table 1. Average dissolved oxygen concentration (mg L ~1) and

temperature (°C) of water during transportation and
reoxygenation (mean + SEM).

L Dissolved e
Conditions oxygen (mg-L 1) Temperature (°C)
Transportation  1.02 + 0.03 26.51 +0.33
Reoxygenation 5.31+0.15 26.91 £0.25

Treatment of samples

Fish muscle tissue (0.5g) was soaked in 5 ml phosphate
buffer saline (PBS, pH 7.4) for 3 minutes to wash blood
and other undesirable substances. Then the tissue was
homogenized in 3ml of chilled HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid) buffer (20
mM HEPES, 1mM EGTA (ethylene glycol tetra acetic
acid), 210 mM mannitol and 70mM sucrose, pH 7.2) for 3
minutes and centrifuged at 1500xg for 5 minutes for SOD
measurement. For GPx, 0.5g of tissue was homogenized
in 3ml of chilled Tris buffer (50mM Tris-HCI, 5mM
EDTA, 1mM DTT, pH 7.5) for 3 minutes and centrifuged
at 10,000xg for 15 minutes. In case of hydrogen peroxide
(H,0,) measurement, 0.5g of tissue was homogenized in
3 ml of PBS for 3 minutes and centrifuged at 10,000xg for
5 minutes. After centrifugation, supernatants were
collected and preserved at -80° C.

ANALYTICAL METHODS

SOD and GPx analysis were performed in Epoch micro-
plate scanning spectrophotometer (BioTek instruments,
USA) in triplicate in 96 well microplate. Hydrogen
peroxide (H,0,) was measured in Nanodrop 2000 UV-Vis
spectrophotometer  (Thermo-Scientific, ~ Wilmington,
USA) in triplicates.

Measurement of Hydrogen peroxide (H,0,)

HYPO1 assay kit (NWLSS™, USA) was used for the
quantitative determination of hydrogen peroxide, which is
based on the oxidation of ferrous ions (Fe?*) to ferric ions
(Fe**) by peroxides. 1 part of Fe reagents were diluted
with 100 parts of Xylenol Orange (XO) to prepare
working XO/Fe reagent. 5uL catalase enzyme was added
to each blank wells. 5uL dH,O was added to each sample
test wells and calibrator wells. Then 20uL of diluted
sample or standard solutions of H,O, (100mM) were
added to each well as appropriate. The plate was agitated
and incubated for 5 minutes at room temperature, then
200pL of XO: Fe reagent was added to each well. The
plate was incubated for 45 minutes at room temperature.
Finally, absorbance was taken at 570nm by using Nano
drop spectrophotometer.
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Measurement of Glutathione peroxidase

The Glutathione peroxidase assay kit (NWLSS™, USA)
was used for detecting GPx in fish muscles. The
NWLSS™ Glutathione peroxidase assay is an adaptation
of the method of Paglia &Valentine **. A 150pL reaction
mixture in each well was prepared by adding 50uL of
diluted sample, 50uL of working NADPH, and 50uL of
working H,0,. Absorbance at 340 nm was monitored in a
plate reader with recording interval every 1 minute at 25°
C. GPx activity was calculated from the net rate of
reaction and was expressed in mUmL™?.

Measurement of Superoxide Dismutase (SOD)
Cayman’s superoxide dismutase assay kit (USA) was
used for measuring SOD in fish muscle.This SOD assay
measures all three types of SOD (Cu/Zn, Mn and Fe
SOD). A standard curve was produced by diluting the
supplied standard of SOD in assay buffer (50mM Tris-
HCI, pH 8.0 containing 0.1mM di-
ethylenetriaminepentaacetic acid (DTPA) and 0.1mM
hypoxanthine). 10 pL of standard or sample were added
to each well to reach reaction volume of 230ul. Reactions
were initiated by adding 20uL of diluted xanthine oxidase
to each well and incubated at 25° C on a shaker for 20
minutes and then absorbance was measured at 450 nm.
SOD activity expressed in unit per milliliter (UmL 1) of
tissue homogenate. One unit of SOD is defined as the
amount of enzyme needed to exhibit 50% dismutation of
the superoxide radical.

Statistical analysis

The results were statistically analyzed by using SPSS
software version 11.5 with the level of significance at p <
0.05. Treatments were compared by one way ANOVA
followed by Tukey’s HSD post hoc for multiple
comparisons.

RESULTS AND DISCUSSION

Mean DO level during fry transportation was in the range
of 1.02 + 0.03 mgL™ in both groups of fish fingerlings,
while it was 5.31 + 0.15 mgL™ after reoxygenation
(Tablel).The mean temperature of water was within 26°C
during transportation and after reoxygenation (Table 1).
With the duration of transport, the physicochemical
properties of the medium are changed and the quality
deteriorates. Availability of dissolve oxygen and buildup
of carbon dioxide and ammonia in transportation media
are the limiting factors. Oxygen acts as a single critical
factor in fish transportation, for instance, oxygen
increases the LTs, (lethal time for 50% of the population)
from 40h to 13h for turbot, Scophthalmus maximus (L.)
transportation®. In the present experiment, the dissolved
oxygen level reached as minimum to 1.02 + 0.03 mgL™
during transportation, which is in fact the hypoxic
condition for the fish. The consequence of hypoxic
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condition in cells is the accumulation of free electrons
which are responsible for generation of high level of
Reactive Oxygen Species (ROS), such as hydrogen
peroxide (H,0,), superoxide anion and hydroxyl
radicals®.Hypoxia was shown to induce increased ROS
production in pulmonary artery smooth muscle cells,
cardiomyocytes, and several other cell types *.

Mortality rate was higher for Silver carp than Tilapia
fingerlings transportation

A great economic loss is associated with the fish seed
mortality during transportation®*® and in the context of
Bangladesh fisheries sector this is a crucial issue™.
Delayed mortality of fish seeds, a relatively overlooked
issue, also causes significant loss of fish seeds but poorly
described in literature especially in the context of
Bangladesh. In the present study, both the immediate
mortality and the delayed mortality varied in Tilapia and
Silver carp fingerlings.

At 1h and 3h of transportation, we observed no mortality
of tilapia or silver carp fingerlings. However, after 6 h of
transportation both species of fingerlings showed high
rate of mortality. Mortality rate was higher for silver carp
than tilapia fingerlings measuring 41.36+£1.69 % and
18.40 + 1.16% respectively. Silver carp fingerlings also
showed high delayed mortality (51.93+1.5%) whereas
few delayed mortality (8.06+0.61%) was found for
Tilapia fingerlings (Figure 1). After 24h of reoxygenation,
no additional delayed mortality was observed for tilapia
fingerlings, but for silver carp fingerlings, delayed

mortality was observed even after 8 days of
reoxygenation.
60
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Figure 1. Cumulative transport mortality and delayed mortality of
Tilapia (O. mossambicus) and Silver carp (H. molitrix) fingerlings
during hypoxic transportation of 6 hours and subsequent reoxygenation.
Silver carp fingerlings were most susceptible to mortality
due to transportation, notably the cumulative delayed
mortality of this species was the highest (51.93+1.5%)
between the two fish species studied. Several studies
showed that fish seed mortality vary during transportation
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according to the species concern.
Labeo rohita fingerlings, a fresh water fish for instance,
in a transport simulation experiment was shown to have
low level of immediate mortality (4 to 12%) but the
delayed mortality was high (27 to 49%)*, whereas 14%
of total mortality was reported for silver carp fingerlings
during transportation *.Freshwater drums(Aplodinotus
grunniens) transported for 6 hours showed 4% immediate
mortality and 94% delayed mortality (over 1 to 2 weeks)
8 A total of 24% Tambaqui (Colossoma macropomum)
juvenile immediately died while transporting in sealed
bag with oxygen supply and the cumulative mortality of
this fish was as high as 65% in a 10 hours transport
simulation experiment at 312 kgm™ loading density®.

H,0, production gradually increased whereas the GPx
and SOD activity decreased during transportation

In our study live fish during hypoxic transportation
showed significantly higher (p <0.05) H,O, production
and it increases with the increasing duration of anoxic
conditions.

However, the GPx activity and SOD activity decreased
during transportation (Table 2). H,O, production was
significantly (p<0.05) higher at 6 h of transportation than
1h and 3 h of transportation while there was no significant
(p<0.05) difference in H,O, production at 1 h and 3 h of
transportation. The highest content of H,0, (8.36 +0.45
UM) was recorded at 6 h of transportation in Tilapia
fingerlings. GPx activity in Tilapia and SOD activity in
Silver carp at Oh were recorded the highest measuring
11.38 + 0.16 mU/mL™" and 0.18+ 0.01 UmL™" respectively
and then both activity decreased during transportation
reaching to 7.93 +0.88 mUmL™ and 0.12+0.02 UmL™!
respectively. SOD activity at 3h and 6 h of transportation
was significantly (p<0.05) lower than 1h of
transportation.

Hypoxia decrease GPx activity in muscle by 30% in fresh
water carp fish, Cyprinus carpio®. A diminution in the
expressions of GPx and SOD in response to hypoxia in
Atlantic cod, Gadus morhua, a hypoxic-sensitive species
was also reported 3. The present study also revealed that
during hypoxic transportation GPx activity was low, but
after reoxygenation, GPx activity increased gradually.
Down regulation of superoxide dismutase 2 (sod2), two
glutathione peroxidases (gpxla and gpx4b), and several
other selenium-binding proteins with known or putative
antioxidant functions were also reported in case of liver
cell of stressed (starvation) zebra fish®. Hypoxia was
shown to reduce the superoxide dismutase and glutathione
peroxidase activities in isolated cardiac myocytes and it
has been reported that low level of antioxidant reserve
during hypoxia may contribute to the oxidative injury on
reoxygenation®>¢.
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Table 2. Production of H,O, and activity of GPx/ SOD Tilapia (O. mossambicus) and Silver carp (H. molitrix) fingerlings during 1
h, 3 h and 6 h of hypoxic transportation (mean + SEM). Values with different superscripts in same column are significantly (p <

0.05) different.
Transportation 0. mossambicus H. molitrix
durations (hour) H,0, (UM) GPx (Er;UmL H,0, (UM) SOD (UmL™) | GPx (mUmL™?)
0 6.83 + 0.16° 11.38+0.16° 6.30+0.16° 0.18+ 0.01° 9.35 +0.13¢
1 7.67 +0.34° 9.07+0.43*  6.84+0.15° 0.15 + 0.01° 8.61+0.292
3 7.93+0.51*° 8.81 +0.99° 6.94+0.37 2 0.1240.01° 8.00 +0.31°
6 8.36 +0.45° 7.93 +0.88° 7.7240.37° 0.12+0.02° 6.96 + 0.59 ©

H,0, production gradually decreased whereas the GPx
and SOD activity increased during reoxygenation

Immediate after reoxygenation, H,O, content increased up
to 12 h but then decreased gradually, however the GPx
and SOD activity increased with the time of
reoxygenation (Table 3). GPx activity increased
significantly (p < 0.05) in both fish fingerlings. Between

the two types of fingerlings, the tilapia fingerlings showed
highest GPx activity (12.99 + 0.46 pM). SOD activity
was measured only for silver carp fingerlings, an
increasing trends of SOD activity like that of GPx activity
was recorded reaching the highest level measuring 0.210
+ 0.01 mUmL'after 384 hours of reoxygenation.

Table 3. H,O, concentration and activity of GPx/SOD in Tilapia (O. mossambicus) and Silver carp (H. molitrix) fingerlings at 0,
12, 24, 48, 96, 192 and 384 h of reoxygenation followed by hypoxic transportation (mean + SEM). Values with different

superscripts in same column are significantly (p < 0.05) different.

Duration after Tilapia (O. mossambicus) Silver Carp (H. molitrix)
reoxg]%i“r‘;‘“"” H,0,(UM) | GPx (mUmLY) H,0, (UM) SOD (UmL™) | GPx (mUmL™)
0 8.36+0.45° 7.93+0.88° 7.72 £ 0.37° 0.120 £ 0.02° 6.96 + 0.59°
12 8.99 + 0.52° 8.61+0.71° 8.31+0.472 0.147 £ 0.01° 6.35 + 0.61°
24 7.99 +0.43° 0.93 +0.82° 8.13 + 0.68° 0.156 + 0.01° 6.67 + 0.68°
48 7.04 £ 0.24° 10.66 + 0.85° 8.25 + 0.67° 0.190 + 0.01° 8.10 + 0.55°
96 7.14 + 0.24° 10.63 + 0.54° 7.84 + 0.42%° 0.190 + 0.01° 9.05 + 0.46°
192 6.72 + 0.15° 12.41 + 0.29¢ 7.13 £ 0.28"¢ 0.193 + 0.01° 9.44 + 0.25%¢
384 6.51 + 0.16° 12.99 + 0.46° 6.96 + 0.12° 0.210 + 0.01° 9.71 + 0.14°

The sudden increase in oxygen availability after 6h
hypoxic transportation induces higher metabolic rate,
which might contribute to the higher production of H,0,
after reoxygenation. An increase of oxygen consumption
in transgenic zebra fish is reported to be accompanied by
an increase in ROS generation . In response to sudden
input of oxygen (O,) after environmental hypoxia, the
pacific white shrimp also showed an increased reactive
oxygen species production *. Hypoxia - reoxygenation
stress can initiate cell death events in terms of necrosis
and apoptosis, and appearance of both dependent on
increased reactive species production 3. Higher H,0,
and, lower GPx and SOD activities in fish reveals that
increased ROS induce cellular apoptosis process during
hypoxic transport and subsequent reoxygenation might
triggers mortality, specifically delayed mortality of fish
fingerlings.

Changes in ROS level and antioxidant enzymes status in
response to hypoxia-reoxygenation stress are crucial
factors for oxidative damage and associated mortality.
The oxidative stress mediated increase of H,0O, and
reduced SOD and GPx activity might involve in fish fry
mortality.

The findings of this study will contribute to better
understanding the transport stress responses and the
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potential causes of mortality during and after fish fry and
fingerlings transportation. Our findings suggest that fish
fry and fingerlings should not be transported only with
hand splashing or without oxygen supply. Furthermore,
gradual adaptation to normoxic condition might reduce
delayed mortality of fish fingerlings after hypoxic
transportation.

ACKNOWLEDGEMENTS

The Ministry of Science and Technology, Bangladesh
financed this study. We are grateful to Department of
Fisheries and Centre for Advanced Research and
Sciences, University of Dhaka, Bangladesh for providing
the research facilities.

REFERENCES

1. BBS. 2015.
Bangladesh.

2. Rahaman, M., Sayeed, M., Paul, A. and Nahiduzzaman, M.
2014. Problems and Prospects of Fish Fry Trade in Jessore
District of Bangladesh. Progress. agric.18, 199-207.

3. Lewis, D. J., Wood, G. D. and Gregory, R. 1996. Trading the
Silver Seed - Local Knowledge and Market Moralities in
Aquacultural Development. The University Press Limited,
Dhaka.

4, Pankhurst, N.W., Kraak, G., lwama, G.K., Pickering, A.D.,

Bangladesh Bureau of Statistics. Dhaka,

268

Volume 02, Issue 02, July 2016



Ahmed K. M. et al.

10.
11

12.
13.
14.
15.
16.

17.

18.

19.
20.
21.

22.

23.

= Bioresearch

Sumpter, J.P, and Schreck C.B. 1997. Fish stress and health
in aquaculture. 62,Cambridge University press, Cambridge,
UK, p.73-93.

Pickering, A. D. Growth and stress in fish production.
1993.Aquaculture.111, 51-63.

Taylor, A. L. and Solomon, D. J. 1979. Critical Factors in
the Transport of Living Freshwater Fish — 1. General
Considerations and Atmospheric Gases. Aquac. Res. 10, 27—
33.

Strange, R. J. and Schreck, C. B. 1978. Anesthetic and
Handling Stress on Survival and Cortisol Concentration in
Yearling Chinook Salmon ( Oncorhynchus tshawytscha ). J
Fish. Res. Board. Can.35, 345-349 (1978).

Johnson, D. L. and Metcalf, M. T. 1982. Causes and Controls
of Freshwater Drum Mortality during Transportation. Trans.
Am. Fish. Soc.111, 58-62 (1982).

Carmichael, G. J., Tomasso, J. R., Simco, B. A. and Davis, K.
B. 1984. Characterization and Alleviation of Stress
Associated with Hauling Largemouth Bass. Trans. Am. Fish.
Soc.113, 778-785.

Mazik, P. M., Simco, B. A. and Parker, N. C. 1991. Influence
of Water Hardness and Salts on Survival and Physiological
Characteristics of Striped Bass during and after Transport.
Trans. Am. Fish. Soc.120, 121-126.

Hasan, M. and Bart, A. N. 2007. Effects of capture, loading
density and transport stress on the mortality, physiological
responses, bacterial density and growth of rohu Labeo rohita
fingerlings. Fish Physiol. Biochem.33, 241-248.

Mallya, J. Y. 2007. The effects of dissolved oxygen on fish
growth in aquaculture. United Nations University. Fisheries
Training Programme, UNU-FTP, vol.30.

Diaz, R. J. and Rosenberg, R. 2008. Spreading dead zones
and consequences for marine ecosystems. Science (New York,
N.Y.)321, 926-929.

Dickinson, B. C. and Chang, C. J. 2011. Chemistry and
biology of reactive oxygen species in signaling or stress
responses. Nat. Chem. Biol.7, 504-511.

Clanton, T. L. 2007. Hypoxia-induced reactive oxygen
species formation in skeletal muscle. J. Appl. Physiol. 102,
2379-2388.

Barnham, K. J., Masters, C. L. and Bush, A. I. 2004.
Neurodegenerative diseases and oxidative stress. Nat. Rev.
Drug Discov.3, 205-14 (2004).

Finkel, T., Serrano, M. and Blasco, M. A. The common
biology of cancer and ageing. Nature.448, 76774 (2007).
Halliwell, B., Gutteridge, J. M. C. 1999. Free radicals in
biology and medicine. Oxford university press, Oxford,UK.
p. 3.

Roche, H. and Bogé, G. 1996. Fish blood parameters as a
potential tool for identification of stress caused by
environmental factors and chemical intoxication. Mar.
Environ. Res. 41, 27-43 (1996).

Bainy, A. C. D., Saito, E., Carvalho, P. S. M. and Junqueira,
V. B. C. 1996. Oxidative stress in gill, erythrocytes, liver and
kidney of Nile tilapia (Oreochromis niloticus) from a polluted
site. Aquat. Toxicol.34, 151-162.

Di Giulio, R. T., Washburn, P. C., Wenning, R. J., Winston,
G. W. and Jewell, C. S. 1989. Biochemical responses in
aquatic animals: A review of determinants of oxidative stress.
Environ. Toxicol. Chem.8, 1103-1123.

Hai, D. Q. Varga, S. I. and Matkovics, B. 1997.
Organophosphate Effects on Antioxidant System of Carp
(Cyprinus carpio) and Catfish (Ictalurus nebulosus). Comp.
Biochem. Physiol. C, Pharmacol. Toxicol. Endocrinol. 117,
83-88.

Morris, S. M. and Albright, J. T. 1984. Catalase, glutathione

amm Communications

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

269

Oxidative stress mediated antioxidant enzyme responses in tilapia

peroxidase, and superoxide dismutase in the rete mirabile and
gas gland epithelium of six species of marine fishes. J. Exp.
Zool. Suppl.232, 29-39.

Wilhelm Filho, D. 1996. Fish antioxidant defenses-a
comparative approach. Braz. J. Med. Biol. Res. 29, 1735—
1742.

Paglia, D. E. and Valentine, W. N. 1967. Studies on the
quantitative and qualitative characterization of erythrocyte
glutathione peroxidase. J. Lab. Clin. Med. 70, 158-169.
Gomes, L. C., Roubach, R., Araujo-Lima, C. A. R. M.,
Chippari-Gomes, A. R., Lopes, N. P. and Urbinati, E. C.
2003. Effect of Fish Density During Transportation on Stress
and Mortality of Juvenile Tambaqui Colossoma
macropomum. J. World Aquac. Soc.34, 76-84.

Hasan, M. and Bart, A. N. Improved survival of rohu, Labeo

rohita (Hamilton-Buchanan) and silver carp,
Hypophthalmichthys molitrix (Valenciennes) fingerlings
using low-dose quinaldine and benzocaine during

transport.Aquac. Res. 38, 50-58 (2007).

Grottum, J. A., Staurnes, M. and Sigholt, T. 1997. Effect of
oxygenation, aeration and pH control on water quality and
survival of turbot, Scophthalmus maximus (L.), kept at high
densities during transport. A Aquac. Res. 28, 159-164 (1997).
Storey, K. B. 1996. Oxidative stress: animal adaptations in
nature. Braz. J. Med. Biol. Res.29, 1715-1733.

Kayyali, U. S., Donaldson, C., Huang, H., Abdelnour, R. and
Hassoun, P. M. 2001. Phosphorylation of xanthine
dehydrogenase/oxidase in hypoxia. World J. Biol. Chem.276,
14359-14365.

Rosa, C. E., Figueiredo, M. A., Lanes, C. F. C., Almeida, D.
V, Monserrat, J. M. and Marins, L. F. 2008. Metabolic rate
and reactive oxygen species production in different genotypes
of GH-transgenic zebrafish. Comp. Biochem. Physiol. B,
Biochem. Mol. Biol.149, 209-214.

Parrilla-Taylor, D. P. and Zenteno-Savin, T. 2011
Antioxidant enzyme activities in Pacific white shrimp
(Litopenaeus vannamei) in response to environmental
hypoxia and reoxygenation. Aquaculture.318, 379-383.
Lushchak, V. I., Bagnyukova, T. V, Lushchak, O. V, Storey,
J. M. and Storey, K. B. 2005. Hypoxia and recovery perturb
free radical processes and antioxidant potential in common
carp (Cyprinus carpio) tissues. Int. J. Biochem. Cell Biol. 37,
1319-30.

Olsvik, P. A, Kristensen, T., Waagbg, R., Tollefsen, K.-E.,
Rosseland, B. O. and Toften, H. 2006. Effects of hypo- and
hyperoxia on transcription levels of five stress genes and the
glutathione system in liver of Atlantic cod Gadus morhua. J.
Exp. Biol. 209, 2893-901.

Dhaliwal, H., Kirshenbaum, L. A., Randhawa, A. K. and
Singal, P. K. 1991. Correlation between antioxidant changes
during hypoxia and recovery on reoxygenation. Am. J.
Physiol.261, 632-638.

Kirshenbaum, L. A. and Singal, P. K. 1992. Changes in
antioxidant enzymes in isolated cardiac myocytes subjected
to hypoxia-reoxygenation. Lab. Invest.67, 796-803.
Saikumar, P., Dong, Z., Weinberg, J. M. and Venkatachalam,
M. A. 1998. Mechanisms of cell death in
hypoxia/reoxygenation injury. Oncogene.17, 3341-3349.

Li, C. and Jackson, R. M. 2002. Reactive species mechanisms
of cellular hypoxia-reoxygenation injury. Am. J. Physiol.,
Cell Physiol. 282, 227-241.

Drew R.E., Rodnick K.J., Settles M., Wacyk J., Churchill E.,
Powell M.S., Hardy R.W., Murdoch G.K., Hill R.A. and
Robison B.D. 2008. Effect of starvation on transcriptomes of
brain and liver in adult female zebrafish (Danio rerio).
Physiol. Genomics.35, 283-395.

Volume 02, Issue 02, July 2016



