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Abstract
Routine aquaculture procedures such as, handling, netting, crowding, confinement and live transport
(in approximate order of duration) evoke stress response in fish. This study was carried out to quantify the
effect of simulated transport on the production of IgM in catla fry and fingerlings. Fry (0.052-0.078 g) and
fingerlings (1.18–1.34 g) of catla were packed in 18 L capacity polyethylene bags and two batches bags
were kept in an orbital shaker for 10 and 20 h to simulate transport of fish seed. Immunoglobulin levels were
measured after 2, 4, 8 and 20 d intervals post stress. Reduction in the IgM concentration as a consequence
of transportation of stress was observed. While, the production of immunoglobulin increased steadily over
time in control unstressed group, there was an initial decline in the levels of immunoglobulin both in the fry
and fingerlings as a result of 10 h as well as 20 h of transport which increased later. But the increase in the
levels of immunoglobulin post initial depression was less prominent in stressed fish than in the control group.
The decline in IgM levels post transportation stress was sharper and for a longer period in the fry than in the
fingerlings (up to 8 d in fry compared to 4 d in fingerlings). Hence, smaller catla seed appear to be more
sensitive to stress than the larger ones. This study has clearly demonstrated that transportation stress
causes reduction in immunity of catla seed.
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Introduction
Routine aquaculture procedures such as, handling,
netting, crowding, confinement and live transport
(in approximate order of duration) evoke stress response
in fish (McDonald and Milligan, 1997). Quantifying stress
is necessary to understand the effect of handling on fish
seed performance. Stressors in intensive systems are
unavoidable (Iwama et al., 1997). While severe stress
can be fatal, sub-lethal stress can compromise the
performance of fish in terms of survival, growth and
immuno-competance leading to sub-optimal production
(Iwama et al., 1997) and reduced welfare of fish
(Ashley, 2007). Hence it is prudent to understand effect
of stress on fish, in order to alleviate stress in fish culture
systems and increase production and welfare of farmed
fish. Catla is one of the most widely cultivated species in
the Asian sub-continent. The production of catla in 2008
through aquaculture was 2.4 million tons valued at
3.5 billion USD (FAO, 2010). The seed of catla are
routinely transported from hatcheries and rearing centres
to grow-out farms, in sealed plastic bags filled with water
and pure oxygen. Live fish transport, particularly of fish
seed is an important part of fish husbandry. There is a
need to reduce stress during these procedures. The
stress response is first primary, then secondary and
finally tertiary. Lowered immune-competence is one of
the most important tertiary responses to stress. The
tertiary response has a direct bearing on the survival of
the fish, particularly of the early life history stages such
as seed of catla.
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Stress increases susceptibility of fish to diseases,
resulting many times in mortality (FSBI, 2002; Ashley,
2007). Quantifying the tertiary response would help to
devise ways to mitigate stress in catla seed during
transport. Thus, the objective of the study was to quantify
the effect of transportation stress on the humoral
immunity of catla fry and fingerlings.

Materials and methods
Fry (0.052-0.078 g) and fingerlings (1.18–1.34 g) of catla
were packed in 18 L capacity polyethylene bags. A total
of six bags were used for fry and another six for
fingerlings. Three bags containing fry and another three
bags containing fingerlings were kept in an orbital shaker
for 10 h to simulate transport of fish seed. The procedure
was repeated with another similar set of bags for 20 h.
At the end of the experimental period, the bags were
opened and the fish were maintained in plastic pools
separately for each bag for further sampling. Pooled
samples (n=8) from each of the pool were collected at
2, 4, 8 and 20 d intervals for preparation of whole body
extracts for estimation of immunoglobulin levels.
Samples collected before packing were considered as
0 d samples (pre-stress levels). Whole body extracts of
samples of catla fry and fingerlings were prepared
according to Breuil et al. (1997) with slight modifications
in the speed of centrifugation. The samples were
homogenized with three volumes of phosphate buffered
saline (PBS), pH 7.4.
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Protein estimation: Protein concentration of the whole
body extracts was determined using the method of Lowry
et al. (1951) by employing a protein estimation kit (Genei
India Pvt. Ltd., Bangalore). The extract was suitably
diluted to get the desired concentration of 10 µg/mL
since this concentration was found to be the optimum
level for getting good results (Lokesh, 2009).
Enzyme-linked immunosorbent assay: ELISA was
carried out according to Furuta et al. (1995) with some
modifications. Microtitre plates were coated with 100 µL
of the whole body extracts having a protein concentration
of 10 µg/mL and incubated at 4C, overnight. Unbound
proteins were poured off and the plates were washed
with PBS-T20. After three minutes they were again
washed with PBS. 300 µL of PBS-5% skimmed milk was
then added to each of the wells and incubated for 2 h at
the ambient temperature (25C) to block the residual
protein binding sites. The blocking solution was poured
off and the plate was washed once with PBS-T20 and
again with PBS. 100 µL solution of monoclonal
antibodies (MAb) against catla IgM was poured into each
well except the antibody blank, and incubated for 3 h at
the ambient temperature. The excess solution of MAb
was poured off and the plates were washed once with
PBS-T20 and twice with PBS. Rabbit anti-mouse IgG
peroxidase conjugate (Genei India Pvt. Ltd., Bangalore)
was then added to the wells, which were incubated for
45 min at the room temperature. The antibody solution
was poured off and the wells were washed three times
with PBS-T20 and once with PBS. 100 µL of substrate
solution containing tetramethylbenzidine and hydrogen
peroxide, diluted in distilled water in a ratio of 1:20 was
added to the wells and incubated for 10 min at the
ambient temperature in the dark. The reaction was
stopped after 10 min by adding 50 µL of 2N H2SO4. The
optical density (OD) values of the colour developed were
read using a microplate reader (Bio-tek Instruments Inc.
USA) at 450 nm.

Results
Figure 1 depicts the trend of effect of transportation
stress on the immunoglobulin levels of catla fry and
fingerlings after 10 and 20 h of simulated transport. The
immunoglobulin levels in control group of both fry and
fingerling continuously increased during the experimental
period of 20 d.

©Youth Education and Research Trust (YERT)

Fig. 1. Effect of transportation stress on immunoglobulin levels
(OD values) in catla fry and fingerlings.
Immunoglobulin (IgM) - OD values

The homogenate was centrifuged in a refrigerated
centrifuge maintained at 4C, at 12,000 rpm for 15 min.
The supernatant was re-centrifuged for 10 min at the
same rpm, which was then stored at -40C till they were
analyzed for immunoglobulin levels. A protease inhibitor
cocktail (Sigma, USA) was added @ 100 µL per 1 mL of
the supernatant to prevent degradation of the
immunoglobulin. The extracts so obtained were stored at
-40C till the analysis.
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In control fry group not subjected to transportation stress,
the OD values of immunoglobulin on 0 d were
0.279 ± 0.018, which increased to 0.507 ± 0.039 after
20 d. In fingerlings control group, the OD value on 0 d
was 0.616 ± 0.010 which increased to 0.711 ± 0.019 on
day 20. The rate of increase in OD values of
immunoglobulin was faster in fry as compared to
fingerlings not subjected to transportation stress. The OD
values of immunoglobulin declined sharply in both fry
and fingerlings subjected to 10 and 20 h of transportation
stress. In fry, it declined up to 8 d post stress before it
started to increase up to the day 20 of experimental
period, but the magnitude of increase was less than that
of control group. Unlike in fry, the OD values of
immunoglobulin in fingerlings declined only up to 4 d post
stress after which they started to increase, but not to the
level of control group. The decline in OD values was
more drastic in fry and fingerlings subjected to 20 h
transportation stress as compared to 10 h transportation
stress. The magnitude of decline in OD values of
immunoglobulin was more severe in fingerlings as
compared to fry but the time of recovery post-stress was
earlier in fingerlings.The OD values in fry subjected to 10
h post stress decreased from pre-stress levels of 0.251 ±
0.015 to 0.229 ± 0.011 after 2 d, and to 0.207 ± 0.006
after 4 d and 0.178 ± 0.007 after 8 d. Thereafter, the
value increased to 0.330 ± 0.026 after 20 d. In fry
subjected to 20 h of transportation stress, the OD values
decreased to 0.227 ± 0.013 from pre-stress levels of
0.238 ± 0.028 after 2 d post stress. It further decreased
to 0.177 ± 0.034 and 0.130 ± 0.034 after 4 and 8 d post
stress respectively. Thereafter, the values increased to
0.318 ± 0.031 after 20 d. In fingerlings transported for
10 h the OD value of immunoglobulin decreased to
0.607 ± 0.007 after 2 d from pre-stress levels of
0.617 ± 0.006. After 4 d it further decreased to
0.544 ± 0.056, while after 8 d post stress it increased to
0.605 ± 0.013. After 20 d post-stress the value of OD
increased to 0.660 ± 0.008.
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The OD values of immunoglobulin in catla fingerlings
post 20 h transportation stress decreased sharply to
0.511 ± 0.002 after 2 d from the initial pre-stress values
of 0.616 ± 0.002 and continued to decrease to
0.486 ± 0.010. It increased to a value of 0.505 ± 0.010 on
day 8 and finally to 0.609 ± 0.013 on day 20, the last day
of the experimental period.

Discussion
It is well known that stress results in elevation of cortisol.
Immuno-suppressive effects of stress, as a result of
cortisol elevation have been well documented (Pickering
and Pottinger, 1985; Maule et al., 1989; Barton and
Iwama, 1991). In vitro administration of cortisol resulted
in reduced number of IgM secreting cells as well as the
production of IgM by these cells in the carp Cyprinus
carpio (Saha et al., 2004). Handling resulted in reduced
plasma proteins and immunoglobulin levels in the carp
(Raune et al., 1999) and red sea bream (Biswas et al.,
2006).
Reduction in the IgM concentration as a consequence of
transportation of stress was also observed in this study.
While, the production of immunoglobulin increased
steadily over time in control unstressed group, there was
an initial decline in the levels of immunoglobulin both in
the fry and fingerlings as a result of 10 h as well as 20 h
of transport which increased later. But the increase in the
levels of immunoglobulin post initial depression was less
prominent in stressed fish than in the control group.
Lokesh (2009) has recorded a steady increase in the
levels of IgM with the age in catla and rohu fry and
fingerlings from day 21 post hatch to 91 d post hatch.
Prakruthi (2011) working on the effect of stress on the
ontogeny of humoral immunity in catla reported that
although stress did not affect the ontogeny of immune
response, it was weaker in catla fry and fingerlings
subjected to crowding and handling stress. She too has
recorded a steady increase in the levels of
immunoglobulin in both unstressed and stressed catla
seed from 21 d post hatch onwards. Since the levels of
immunoglobulin differ significantly between fish of
different size but of same age (Johnson et al., 1982a, b;
Lokesh, 2009; Prakruthi, 2011), the increase observed in
the levels of IgM in the studies of Lokesh (2009) and
Prakruthi (2011) in catla and rohu seed is a result of
increase in weight with the age rather than an increase in
the age. The decline in the IgM levels post transportation
stress was sharper and for a longer period in the fry than
in the fingerlings (up to 8 d in fry compared to 4 d in
fingerlings). Hence smaller catla seed appear to be more
sensitive to stress than the larger ones.
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Conclusion
It can be concluded from the study that transportation
stress affects production of immunoglobulin in catla fry
and fingerlings and that fry are more affected by
transportation stress than fingerlings.
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