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Abstract

The transportation of fish from farm to farm, farms to markets, and farms to homes are
necessary stressful practices in aquaculture, hence the need to look for how to mitigate
its impact. The present study investigated the effects of common salt, vitamin C and
taurine administered through fish water on transportation-induced stress using shock
protein 70 (heat shock protein 70 or HSP70) as a biomarker of stress. Group | contained
the control and not transported fish and Group Il contained the transported fish without
common salt, vitamin C or taurine in fish water while Groups Ill, IV, and V contained the
transported fish with common salt (6 gL), vitamin C (200 mgL™?), and taurine (200 mgL
1), respectively. There was significant (p<0.05) decline in HSP70 levels in the transported
fish. However, significantly (p<0.05) elevated HSP70 levels occurred in fish transported
with common salt and vitamin C but no significant (p>0.05) changes occurred in HSP70
levels of fish transported with taurine. There should be cautious use of common salt and
vitamin C administration via the fish water for live fish transportation.
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Introduction

Live fish transportation is a normal aquaculture farms to markets for the edible species or from farms
practice on fish farms involving the movement of fish to homes and museums for the ornamental species
of a particular age from one fish pond to another on (NAERLS, 2001; Crosby et al., 2023). Some of the
the same farm or between farms, as well as from transportation might be over short or long duration
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depending upon the distance involved in each case.
Live fish transportation is known to cause stress in fish
(Refaey & Li, 2018). Although stress and stressors
associated with live fish transportation are well
documented with a focus on maintaining water
quality during transport to reduce the stress, far less
attention has been given to practices that would
enhance fish health and welfare during transport
such as the use of dietary or water-borne additives
before and during the transportation
(Vanderzwalmen et al., 2018) hence the present
study.

In addition to stress-induced primary, secondary, and
tertiary physiological responses (Barton, 2002), stress
has been known to increase the levels of heat shock
proteins (HSPs) synthesis at the cellular level (Rafaey
& Li, 2018). Animals express HSPs in response to
stressful conditions (Hofmann, 1999) because HSPs
play vital protective roles in cellular homeostasis
(Ghosh et al. 2023) by preventing protein aggregation
in addition to helping to refold/unfold misfolded
proteins (Ranford et al., 2000). That might be why
HSP70, which is also known as stress protein, is now
recognized not only as chaperones for all proteins but
also, as chaperones for lipid metabolic cellular
activities (Roberts et al., 2010). Therefore, HSP70
expression may serve as a bioindicator of stress in fish
(Winarti et al., 2022). More so elevated HSP70 levels
is often a marker of cellular stress in fish (Teles et al.,
2019) or a marker of proteotoxic effects (Dieterich et
al., 2013). Although there are reports of the
transportation effects of HSP70 on fish, such reports
are presently limited (Refaey & Li, 2018) to
necessitate the present study. The role of HSPs as part
of the secondary physiological stress response has
necessitated its use in the evaluation of fish welfare
conditions (Poltronieri et al., 2007), as well as a
marker of cellular stress in fish (Teles et al., 2019).
More so HSPs evaluation in fish is still in the early
stages compared to what is obtainable in bacteria,
yeast, and mammals. Besides, few HSPs
investigations in whole fish subjects currently exist
with most of them involving HSPs as the stressor
(lwama et al., 1998) rather than fish transportation as
the stressor, as in the present study.

Although, with variable results, common salt addition
to fish water reduces stress during handling and
transportation (Tacchi et al.,, 2015), thereby
necessitating its continuous evaluation in that regard.
This is because of common salt’s ability to reduce or
eliminate fish salt loss by equilibrating or minimizing
differences in electrolyte gradient between the
environmental water and fish blood (Wurts, 1995).
Vitamin C is a known anti-stress in fish (Varghese et
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al., 2021), which is often administered through feed
(Aboseif et al., 2022; Mazini et al., 2022). However,
vitamin C has also been administered via the water to
dechlorinate fish water (Land, 2005) among other
beneficial effects (AquaNature, 2024; Brightwell
Aquatics, 2024). Although, Yang et al. (2023) have
reported the use of vitamin C in fish water during fish
transportation, available information on the use of
water-borne vitamin C to counter stress in fish during
transportation is currently limited, hence the present
study. Taurine is an anti-stress in fish by modulating
the stress axis (Liu et al., 2022) in addition to its vital
cellular osmoregulatory role (lto et al, 2018).
However, there is a dearth of information concerning
the use of taurine to ameliorate transportation stress
in fish either as a feed or water-borne additive. Clarias
gariepinus (C. gariepinus) is a hardy fish that
withstands unfavourable harsh conditions (Ng, 2021)
and prolonged drought (Nwizugbo et al., 2023), which
makes it an ideal fish for the present study. More so,
during damp conditions, the fish can transport itself
or move between water bodies (Ng, 2021). Therefore,
the present work aimed to evaluate the effects of
common salt, vitamin C and taurine on the HSP70
status of transported African catfish, C. gariepinus.

Materials and Methods

Preparation of chemicals

The stock solutions used in the present study were
made from analytical grades of common salt (Merck,
Denmark), Vitamin C (Sigma Aldrich, Germany) and
taurine (Sigma Aldrich, Japan).

Fish collection and preparation

The experiment involved the acclimatization of C.
gariepinus juveniles purchased from a commercial
catfish farm in Gwagwalada, Abuja, Nigeria, for 14
days under natural photoperiod. During the period,
there was a complete fish water change once on
alternate days while fish were fed twice daily to
satiation with 3 mm commercial catfish feed
(BLUECROWN(R) by Crown Flour Mill Ltd., llorin,
Nigeria.

Experimental design

Clarias gariepinus juveniles of 318.10 £ 4.50 g mean
weight and 35.05 £ 0.29 cm mean length were divided
into five groups of 10 fish each and subjected to
transportation alone and along with either common
salt, vitamin C or taurine separately over a 5-hour (5-
h) period as follows:

Group |: Control fish not subjected to any form of
transportation
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Group ll: Fish subjected to a 5-h uninterrupted
transportation stress alone

Group lll: Fish subjected to a 5-h uninterrupted
transportation stress along with common salt (6 gL™?)
in fish water.

Group IV: Fish subjected to a 5-h uninterrupted
transportation stress along with vitamin C (200 mgL
1) in fish water.

Group V: Fish subjected to a 5-h uninterrupted
transportation stress along with taurine (200 mgL™) in
fish water.

Common salt, vitamin C and taurine concentrations
used in the present study were as or adapted from
previous reports (Urbinati & Carneiro, 2006; Peng et
al., 2013). Each group had 10 fish in 40 L of water in a
50 L black plastic container (jerry can) with a semi-cut-
out upper end. The physicochemical characteristics of
the fish water were as follows: 6.63 + 0.33 mgL™* for
dissolved oxygen, 6.99 + 0.17 for pH, 30.07 £ 0.03°C
for temperature, 0.09 + 0.00 mScm™ for electrical
conductivity, and 0.04 £ 0.00 ppt for total dissolved
solids, respectively. Although experimental fish were
starved some 24 hours before the transportation,
according to Wedemeyer (1996), fish were neither
sedated nor was the fish water aerated during the 5-
h transportation period.

Heat-shock protein (HSP70) evaluation
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Figure 1: Serum heat shock protein (HSP70) levels in Clarias

gariepinus following a 5-hour transportation period

Bars with different superscripts denoted significant (p<0.05)
differences between the groups based on Student’s t-test

analysis
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Serum HSP70 level determination in five randomly
selected fish from each of the experimental group at
the end of the 5-h transportation duration were via
the method of Zhang et al. (2021) with commercial
HSP70 kit (StressXpress HSP70 ELISA, StressGen
Biotechnologies), according to the manufacturer’s
directions. Blood collection was as described by
Abalaka et al. (2021) before subjection to
centrifugation at 3000 xg for 15 minutes to obtain the
serum (Mohapatra et al., 2016) after clotting at room
temperature.

Data analysis

Data expression was as mean (+ SEM) before
subjecting them to student’s t-test and a One-way
Analysis of Variance (ANOVA) followed by post hoc
Dunnett’s multiple comparison test for statistical
significance (p<0.05) using the GraphPad statistical
program (GraphPad Prism, version 7,
www.graphpad.com).

Results

Fish transportation significantly (p<0.05) reduced the
HSP70 level compared to the control as shown in
Figure 1. Although increased HSP70 levels also
occurred in C. gariepinus transported with either
common salt, vitamin C, or taurine, significant
(p<0.05) elevation occurred only in fish transported
with common salt and vitamin C (Figure 2).

Discussion

Although transportation has induced HSP70
expression in affected Dicentrarchus labrax
(Poltronieri et al., 2007), the significant (p<0.05)
reduction in HSP70 level following C. gariepinus
transportation might be due to the collapse of the
HSP70 protective system in the stressed fish (Scheil
etal., 2011). Thisis because HSP70 levels often rises
with increasing proteotoxic stress in a distinct
reaction curve (Tomanek, 2002) to gradually peak
with no further induction with increasing stress
(Arts et al., 2004; Kohler et al., 2009). Beyond such
levels, further increasing stress reportedly leads to
a rapid decrease in the HSP70 level resulting in
either serious tissue damage or the death of the
organism (Scheil et al., 2011).

Schiel et al. (2011) also observed elevated HSP70
levels in Mediterranean land snails up to 2-h of
stress exposure followed by a decline until 16-h
when it peaked again to decline further to baseline
level by the 24t hour. The decline was attributed to
a non-compensatory destruction phase that
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resulted in the impairment or breakdown of the
stress-protein apparatus, as earlier reported by
Eckwert et al. (1997) in Oniscus asellus
(woodlouse). In the present study, HSP70 levels
were assayed only once immediately following
the 5-h transportation stress whose time frame
corresponded to the decline phase reported by
Schiel et al. (2011). The recorded decreased
HSP70 levels in the transported fish could
probably be due to “overwhelming”
physiological stress, as earlier reported by
Tomanek (2002). Similarly, there was a gradual
increase in HSP70 levels in rat myocardium
followed by a sharp decrease at the 100
minutes of the stress exposure in an in-vivo
experiment (Chen et al., 2015). Although Ren et
al. (2022) reported significantly increased
HSP70 expression in the gills and muscles of
Oncorhynchus mykiss during transportation,
they also reported significantly decreased liver
HSP70 levels to highlight the possible role of
fish tissue in HSP70 expression during live fish
transportation. Likewise, although increased
HSP70 expression was recorded in the rumen,
omasum, and abomasum of the caprine
stomach following transportation, decreased
reticulum HSP70 expression was reported after
6-h of transportation (Hu et al.,, 2020).
However, Rafaey & Li (2018) reported a
significantly (p<0.05) higher hepatic HSP70
MRNA expression only at 0-h, 6-h, and 24-h
following the transportation of Ictalurus punctatus
over a 168-h period to also highlight the possible role
of the time of assay. Similarly, Nasrullah et al. (2022)
reported increased hepatic HSP70 expression only at
0-h, 6-h, and 12-h following the transportation of C.
gariepinus. Therefore, animal species, animal tissue
and time of HSP70 assay, and the type, duration, and
degree of the stress could be responsible for the
varying levels of HSP70 expressions in transported
animals.

The addition of common salt to fish water during the
live fish transportation further induced stress in the
exposed fish evidenced by the significantly (p<0.05)
increased HSP70 levels. This might be due to
hyperosmotic stress, according to Tine et al. (2010).
However, the increased HSP70 levels might also be
due to the important roles of HSPs in protein
homeostasis (Kumar et al., 2022), cellular protection
and stress response mechanisms (Ghosh et al. 2023).
Similarly increased HSP70 levels was reported in
Sparus sarba (Deane & Woo, 2004) and Salmo trutta
(Larsen et al., 2008) following hyperosmotic stress.
The increased HSP70 level in fish transported with

Serum Hsp70 level (ng/ml)
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Figure 2: Effects of common salt, vitamin C, and taurine on
Serum heat shock protein (HSP70) levels in Clarias gariepinus
following a 5-hour transportation period

Bars with different superscripts denoted significant (p<0.05)
differences between the transported and treated groups and
the transported only group following post hoc Dunnett’s
multiple comparison test

vitamin C might probably be due to the pro-oxidative
propensity of vitamin C under certain conditions
(Podomore et al., 1998; Bergstrom et al.,, 2012;
Otanwa et al., 2023), which probably turned it into a
stressor in the present study. The addition of taurine
into fish water during live fish transportation had no
effects on the HSP70 profile of the affected fish.

In conclusion, although the transportation of fish is a
known stressor, a significant (p<0.05) decline in
HSP70 level occurred in the transported fish probably
due to the time of fish sampling, type of fish species,
and the fish tissue used for the assay in addition to
the type, duration and degree of the stress. The
significantly (p<0.05) elevated HSP70 levels in
common salt and vitamin C transported fish
suggested increased stress as HSP70 expressions are
indicative of cellular stress (Guo et al., 2007).
Therefore, the addition of common salt and vitamin C
to the fish water during live fish transportation, as
used in the present study, rather induced more stress
in the transported fish. Nevertheless, there is a need
to sample fish undergoing transportation stress
periodically throughout the duration of the
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transportation to help determine the progressive
pattern of fish stress HSP70 response. Similarly, the
possible role of fish species and fish tissue used in
HSP70 assay during live fish transportation needs
further elucidation.
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