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The present study was conducted to investigate the effect of high
salinity on some stress parameters of common carp (Cyprinus carpio),
which gradually exposed to salt concentrations of 5, 10 and 15 g/L, as
well as tap water (control 0.1g/L) for 90 days. 80 fish were randomly
distributed on eight glass tanks with 2 replicates as 10 fish /tank at
average weight of 15 £ 3 g to study the effects of salinity on the
number and percentages of the chloride cells in gills, beside the effect
of salt concentrations on metabolism and the cost of the energy spent
for osmoregulation through studying the oxygen consumption.
Chloride cells in the gills were increased to 10.36, 14.80, 11.95 x 10°
cell /g scraped matter. While the percentage of the chloride cells,
increased to 11.34, 12.14 and 11.90% in the salt concentration of 5, 10
and 15 g/L, respectively, in comparison with the control treatment
(8.42%). The rise in salinity was accompanied with an increase in the
average of the oxygen consumed by common carp as it amounted
150,181.25 and 196.87 mg O, /kg/h when the salinity increased to
5,10 and 15 g/l respectively, in comparison with the control treatment
(85.93 mg O, /kg/ hour), and this increase in the oxygen consumption
resulted in an increase in the average of the energy consumed by fish
that reached 0.50, 0.6 and 0.66 kcal (kg/h) with the increase of salinity
to 5,10, and 15 g/L, respectively, in comparison to control (0.28
kcal/kg/h).

Introduction

et al., 2013). The gquantity and quality of
the feed are insufficient to obtain high

Agquaculture plays an important
role in solving famine and malnutrition
nutrition problems in whole world
through providing fish and other marine
animals which are rich in protein,
vitamins, minerals and amino acids. The
rapid development in Aquaculture
resulted in producing more than 123 of
fish species in intensive and non-
intensive culture systems. For achieving
good growth rate, fish must have good
health and resists diseases as well as the
availability of good quality water (Fazio

fish production, as the environmental
factors also play a vital role to obtain a
high production, salinity is one of the
important factors beside the oxygen and
the temperature, it has a direct effect on
fish growth (Mommsen, 1998). The Iraqi
internal water is exposed to continuous
increase in salinity ratio for some
reasons, for example; the lack of water
scarcity in Tigris and Euphrates rivers,
the effect of salty drains entering Iraq,
the drying of vast areas of lakes, the
decrease in rains and the regression of

Liitfen asagidaki sekilde atif yapimiz / Please cite this paper as following;
Al-Khshali, M. S., Al Hilali, H. A. 2019. Influence of transfer to high salinity on chloride cells, oxygen
and energy consumption in common carp Cyprinus carpio. Journal of Animal Science and Products
(JASP) 2 (1):1-12.


http://www.trjasp.com/

Influence of Transfer to High Salinity on
Chloride Cells, Oxygen and Energy Consumption
in Common Carp Cyprinus carpio

rivers. The salinity of the lakes in the
southern areas of Iraq is about 2.20 to
3.82 g/L and it’s in a continuous increase
as well as the increase in vaporization
rates due the increase in temperature
rates and the increase in global warming
rates (Al-Faiz et al., 2009). As we
became in a due need to exploit the
water which suffer a continuous change
in salt concentrations in fish culture
because of the lack of fresh water and
the availability of brackish water sources
which has few uses so the fish must be
adapted to raise its ability to bear the
salinity in this kind of water as most of
the fish living in the fresh water
including Cyprinus carpio do not bear
the high salinity because they are
Stenohaline fish and suffer from failures
when moving to saline water due to
what’s  known by Osmosis Shock
(Jackson, 1981). It was found that it’s
possible to raise the level of salt
durability for fish through the gradual
moving to water with gradual salt
concentrations (Bardach et al., 1972),
The chloride cells present in the gills are
responsible for the process of ion
transmission and ion equilibrium as well
as their participation in the process of
acid and base equilibrium (Kaneko and
Hiroi, 2008). Thus, chloride cells play an
important role in the adaptation process
in environments with different osmoses
as they have evolved in a way that
allows them to obtain large amounts of
energy in order to complete the transfer
of sodium and potassium ions with the
help of ATPase (Shikano and Fujio,
1999),where the change in respiratory
rate of fish is one of the common
physiological responses to face the salt
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stress. The change in  oxygen
consumption is usually used to estimate
the change in metabolic rate under
environmental imbalance conditions
(Dube and Hosetti, 2010) Since the
Cyprinus carpio fish is considered the
first rearing fish in Iraq and due to the
increase of salinity rates in the southern
areas and some of the middle areas
which threaten the survival and the
growth of the fish. This study aims to
investigate the effect of the increase in
the salinity of the osmoregulation of the
Cyprinus carpio through the study of
some physiological indicators which is
considered an indication of the negative
effects of salinity increase like stress and
deficiency of ionic and osmoregulation
process. This is reflected in both
consumption of the feed and growth,
which is the main objective of fish
cultivation.

Material and methods

Common carp at the average
weight of 15 £ 3 g were obtained from a
local fish farm, south of Iraq. They were
safely brought to the laboratory and
acclimatized for 14 days in a large
plastic tank (80x40x55 cm) prior to the
experiment. During the acclimatization
period, fish were fed on artificial diet
once daily (Table 1), fish were
distributed on four different salinity
treatments (0.1, 5, 10 and 15 g/L) and
tested in two replicates for each salinity
treatment. There were 10 fish in each
tank, fed on a diet with 31% protein
content (Table 1) at a ratio of 4% of
body weight, twice a day. Salt
concentrations  were  prepared by
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dissolution of specific of salt in litter of
tap water, and fish were exposed to
gradual salt concentration of 5, 10 and
15 g/L. while the tap water concentration
(0.1 g/L) was represented control
treatment.

Table 1. Chemical analysis of diet, %

Chemical

Values
parameters
Crude protein 31.00+0.90
Ether extract 9.00+0.20
Moisture 8.66+0.21
Crude ash 11.40+1.20
Crude fiber 40.88 £0.12
Chloride cell

To determine the ratio and
number of gill chloride cells, the fish
gills were dissected and fixed in 10%
formalin for 48 hours. After dehydration,
clarification, and paraffin immersion,
gill paraffin blocks were prepared, and
then 5 pm sections were prepared and
stained with hematoxylin-eosin. The
number and ratio of chloride cells were
observed using light microscopy and
photographed (Sargent et al., 1978).

Oxygen consumption

Oxygen consumption of common
carp at various salinities and oxygen
concentrations was measured in closed,
opaque chambers as in (Nordlie and
Leffer, 1975). A single, post-absorptive
fish which had been acclimated to the
initial test salinity and temperature was
placed in a test chamber containing air-
saturated water. The chamber was sealed
and placed in a water-bath at 25°C.
Approximately 5 min later (the fish
became quiescent almost immediately in

the dark chamber) water samples were
drawn from the chamber. Additional
samples were taken at 1 h intervals for 3
h. Oxygen concentrations in the samples
were determined using a Radiometer p0,
electrode. Following metabolic
determinations, the fish were removed
and weighed. The mean weights of fish
run at each salinity were maintained at
between 15 and 18 g so that salinity
effects would not be confounded with
body size effects.

Statistical analysis

Experiment was conducted in a
completely randomized block design.

Data were analyzed by Windows
version of SPSS software (Release 21.0).
Results were analyzed using a t-test for
comparison between treatment. Results
were shown as means + standard error.
Significant differences between means
were calculated using least significant
differences (LSD). Statistical
significance was set at p < 0.05.

Results

Table 2 shows that the number of
chloride cells in gills of common carp
was increased to 10.36 x 10°, 12.14 x 10°
and 11.95 x 10° cells/g scraped matter in
salt concentration of 5,10 and 15 g /L
compared to control treatment (8.18 x
10° cells / g scraped matter). The
decrease in the number of chloride cells
is observed at the concentration of 15 g/
L compared with the saline
concentration of 10 g / L. Results of the
statistical analysis showed significant
differences (P>0.05) in the number of
chloride cells between the control
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sample and saline concentrations of 5, 10
and 15 g / L, as well as among salt
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concentration 5, 10 and 15 g /L.

Table 2. Shows that the number of chloride cells in gills in different salt concentrations
of common carp (mean =+ standard error)

Salt concentrations (g/L)

Number of chloride cells in gills (cells/g scraped matter)

0.1
5
10
15

8.18 x 10°+ 1.08 x 10° b
10.36 x 10°+ 1.05 x 10° b
12.14 x 10° £ 1.03 x 10°a
11.95 x 10° + 1.06 x 10°a

g, gram; L, litter

On the other hand, Table 3 shows that
the ratio of chloride cells from the total
cells of the common carp was increased
to 11.34%, 12.14% and 11.90% at the
saline concentrations of 5, 10 and 15 g /
L respectively, compared with the
control sample (8.42%). A decrease in
chloride cell ratios is observed at salt
concentration of 15 g / L, compared with

saline concentration of 10 g / L. The
statistical analysis showed significant
differences (P>0.05) in chloride cell
ratios between control treatment and
saline concentrations of 5, 10 and 15 g /
L and between saline concentrations 10
and159g/L.

Table 3. Shows the ratios of chloride cells in different salt concentrations of common

carp (mean + standard error)

Salt concentrations (g/L)

The ratio of chloride cells (%)

0.1
5
10
15

842+0.86
11.34+090b
12.14+130a
1190+1.12a

Effect of salinity on oxygen and energy
consumption rate

Table 4 shows the increase
oxygen consumption in common carp to
150, 181.25 and 196.87 mg / kg / h with
increase in salinity to 5, 10 and 15 g/ L,
respectively, compared with the control
sample (85.93 mg / kg / h) Results of the
statistical analysis showed significant
difference (P>0.05) in the oxygen
consumption rate between the control
sample and each of the saline

concentrations 5, 10 and 15 g/ L, among
all of saline concentrations.

Table 5 shows the amount of
energy consumed (kcal/kg/h) in common
carp, resulting from the conversion of
the amount of oxygen consumed to
energy. with an increase in energy
consumption to 0.50, 0.61 and 0.66 kcal
per kg with the increasing in salinity to
5 10 and 15 g / L respectively,
compared to the control treatment (0.28
kcal / kg / h). There were significant
differences (P>0.05) in the amount of
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energy consumed between the control
sample and each of the concentrations 5,

10 and 15 g / L, and among all saline
concentration.

Table 4. Shows the oxygen consumption in different salt concentrations of common

carp (mean =+ standard error)

Salt concentrations (g/L)

Oxygen consumption rate (mg / kg / h)

0.1
5
10
15

85.93+3.26d
150.00+4.06 ¢
181.25+4.46b
196.87 £ 5.06 a

g, gram; L, litter; mg, milligram; Kg, kilogram; h, hour

Table 5. Shows the amount of energy consumed (kcal / kg / h) in different salt
concentrations of common carp (mean + standard error)

Salt concentrations (g/L)

The amount of energy consumed (kcal / kg / h)

0.1
5
10
15

0.28+£0.001d
0.50+0.004 ¢
0.61 £0.007 b
0.66+0.012 a

0, gram ; L, litter ; kcal, kilocalorie; Kg, kilogram ; h, hour

Discussion

Chloride cells are considered the
main key for the osmoregulation
success, where the increase in their
numbers, in the current study is due to
the exposure to high salt concentrations,
for the fish to be able to adapt to the
gradual increase in salinity, It increases
the number of chloride cells to raise the
ability of the gills to regulate the ionic
exchange process and reach internal
stability, the decrease in their numbers in
the concentration of 15 g/L compared to
10 g/L is due to the decrease in the fish
ability to complete the ionic regulation
process and just tried to survive. The
increase in Sodium ions may support
these results as the ATPase/Na/K
enzyme exists mainly in gills and the

chloride cells play an important role in
its secretion, which is responsible for the
exchange of sodium, potassium and
chlorine ions. The increase in the
number of chloride cells in the gills is an
evidence of an increase in the activity of
the enzyme due to the increase in the
number and size of the chloride cells that
secrete it. The chloride cells present in
the gills are responsible for ions
transmission and ions equilibrium, as
well as the participation in the process of
acid and base equilibrium (Kaneko and
Hiroi, 2008). Therefore, chloride cells
play an important role in the adaptation
process in different environments with
different osmoses. As it evolved in a
way that allows it to obtain large
amounts of energy to complete the
transfer of sodium and potassium ions
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with the help of ATPase (Shikano and
Fujio, 1999), and that exposure to high
salinity leads to an increase in the
number of chloride cells as well as an
increase in the activity of ATPase to
transfer Sodium and potassium ions
(Carmona et al., 2004). Freshwater fish
contain less chloride cells than marine
fish, although they have a high ability to
absorb salts from the surrounding
environment (Fielder et al., 2007). The
changes in the shape and size of chloride
cells and their increasing numbers are
part of the adaptation phase which the
freshwater fish follow in response to the
increase in  environmental  salinity
(Ghahremanzadeh et al., 2014). Several
studies have shown that the increase in
salinity is usually accompanied by an
increase in the number, size, and ratio of
chloride cells in the gills (Evans et al.,
2005). Numerous studies have been
conducted on Tilapia Oreochromis
mossambicus to identify the changes that
occur  during the  process  of
osmoregulation. Fish is used as an
important example in the study of
salinity endurance for fish and endocrine
studies (Hiroi et al., 2005). The location
of ATPase enzyme has been frequently
diagnosed in chloride cells and is
indirectly  responsible for chloride
secretion by these cells (Epstein et al.,
1980). An increase in number of chloride
cells in freshwater fish was observed
during their adaptation to salt water
(Mangum and Towle, 1977). The
differences in shape, size and number of
chloride cells reflect the responses by
fish to adapt to different saline
environments (Gulacsi et al., 2003). The
present study showed that the exposure
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of Cyprinus carpio to a gradual increase
in saline concentrations resulted in an
increase in the numbers and proportions
of chloride cell in the gills. This shows
the effect of the increase in salinity on
stimulating the increase in the number
and proportions of chloride cells as they
play an important role in the necessary
effective  transmission  process to
eliminate the salt accumulation that
occurs by diffusion due to increased
salinity of the external ambient and thus
maintaining the internal stability. The
ionic equilibrium process is associated
with the chloride cells which is rich in
mitochondrial for its ability to extract
ions against concentration gradient by
active transport process which requires
energy, obtained from Na + / K +
ATPase enzyme (McCormick et al.,
1991). Mancera and McCormick (2000)
showed that the Na + / K + ATPase
enzyme increases in gills exposed to sea
water, also Mylonas et al. (2009)
mentioned an increase in  the
effectiveness of Na + / K + ATPase in
gills by decreasing environment osmosis.
Chloride cells have been shown to be the
effective location of ionic exchange and
their increase is a physiological response
to saline stress which causes ion loss.
Eddy (1982) observed that Freshwater
Salmo gerdnairy has few chloride cells
and low levels of Na + / K + ATPase,
and cells number are increasing and their
shape changes with increasing salinity.
This is done under the control of
cortisol, prolactin and growth hormone
(McCormick et al., 1991). The result of
this study is matching with many
previous studies which noted an increase
in numbers and proportions of chloride
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cells once they exposed to an increase in
salinity levels. Azizi et al. (2010)
mentioned an increase in the number of
chloride cells in  Cyprinus carpio
exposed to a gradual increase in salinity
to 9 ¢/L. Al-Khshali (2011) also
observed an increase in the number of
chloride cells to 12 x 10°, 7.8 x 10°, and
6.55 x 10° cells / g of scraped matter
with a gradual increase in salinity to 4, 8
and 12 g/ L respectively, compared with
its control sample (2.88 x 10° cells / g
scraped matter in Carassius auratus. Lee
et al. (2000) mentioned an increase in
the number of chloride cells in
Oreochromis mossambicus exposed to
salinity of seawater. An increase in the
number and proportion of chloride cells
in gills of Liza abu was recorded after 14
days of salinity elevation to 7 and 15 g /
L (Ahmed et al., 2004). This indicates a
strong correlation between the number of
chloride cells with the salinity of the
external ambient (Pereira and Caetano,
2009) showed an increase in the number
of chloride cells when fish were exposed
to inappropriate environmental
conditions causing stress.

Effect of salinity on oxygen and
energy consumption The increase in
oxygen consumption showed in the
present study is resulting from the
increase in the metabolic rate to confront
the high energy requirements
corresponding to the osmosis situation
due to exposing the fish to high levels of
salinity. This is a natural condition due
to saline stress and increased demand for
energy by fish for the purposes of
osmoregulation. That is can prove
through the increase in the number of
chloride cells, which is the main location

of ionic exchange, whose increase
indicates in energy need for the active
transport of ions. Oxygen has the largest
role in energy production by breaking
down the bonds in the food and
converting them into energy, and
because the body needs amounts of
energy in order to reach the state of
internal stability, fish need more oxygen
to provide greater energy and as fish get
farther away from the stable osmosis
environment, this led to an increase in
energy needs trying to get back to the
state of the original equilibrium it was
before the exposure to the stress factor.
Metabolism includes, chemical reactions
occurring in living organisms and the
measurement of oxygen consumed is the
most common method of indirectly
detecting metabolic rate. The energy
needed by the body to adapt to changes
in saline concentrations can be identified
by changing in the oxygen consumption
rate (Tseng and Hwang, 2008) which
change in respiratory rate of fish is one
of the common physiological responses
to face saline stress. The change in
oxygen consumption rate is usually used
to estimate the change in metabolic rate
under conditions of environmental
imbalance (Dube and Hosetti, 2010).
The reason for the change in the oxygen
consumption rate following the change
in salinity levels is due to increased
activity in the active transport of ions
and the activity of the Na / k / ATPase in
gills, which increases the energy needs
for the completion of osmoregulation
process (Sangiao-Alvarellos et al.,,
2003). Morgan and Iwama (1991)
Showed increased metabolic rate in
Oreochromis mossambicus with higher
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salinity levels in the fish environment to
meet energy requirements for
osmoregulation process. the reason for
increasing the need for energy is the
entry of some hormones in some
interactions, as well as the increase in
the need of some organs, which are not
responsible of the osmoregulation
process of energy, such as the brain,
(Sangiao-Alvarellis et al., 2007). Thus,
the measuring the rate of oxygen
consumption at different concentrations
of salinity is an approach to determine
the cost of energy for osmoregulation
(Morgan et al., 1997). Also, oxygen
consumption on different metabolic
processes has been described previously
(Peck et al., 2005). Studies indicate that
the difference in the rate of oxygen
consumption due to salinity change
varies depending on the fish species and
duration of exposure to salinity, the
design of the experiments and the details
of the measurement method used
(Gracia-Lopez, 2006). The results of
several previous studies of different
species fish have shown that an increase
in oxygen consumption is corresponding
to the increase in the salinity of the
environment which is in line with the
results of the current study. Al-Khshali
(2011) reported that the average oxygen
consumption in  Ctenopharyngodon
idella was 132.11, 197.08 and 241.77
mg / kg / h at saline concentrations 4, 8
and 12 g / L, respectively, compared to
control sample (102.72 mg of O, / kg /
h), while the amount of energy
consumed was 0.44, 0.66 and 0.81 kcal /
kg / h at saline concentrations of 4, 8 and
12 g / L, respectively, compared to
control sample (0.34 kcal/kg/h). Ahmed
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(2005) showed an increase in the oxygen
consumption rate to 256.5 and 262.0 mg
of O, / kg / h in Liza abu, with salinity
increase to 7 and 15 g / L respectively,
compared to fish in freshwater (151.0
mg of O, / kg / h). Wang et al. (1997)
showed that the average oxygen
consumption in  Cyprinus  carpio
decreased in fresh water, which was
134.1 mg/ kg / h and salinity of 259/ L
was 123.8 mg of Oxygen / kg / h
compared to salinity 8.5 and 105 g/ L
whose the consumption rate was 175.2
and 183.0 mg oxygen / kg / h,
respectively. In a study conducted by
(McKenzie et al., 2001) on Acipenser
Naccarii, an increase in oxygen
consumption was observed with an
increase in salinity from 0-11 g / L, so
the consumption rose from 112. to 146.4
mg / kg / h then rose to 216 mg / kg / h
during 70 days. Other studies indicated
high metabolic rate when fish were
subjected to high saline concentrations,
resulting in an increase in routine
oxygen consumption (Fischer, 2000;
Keddy, 2001). The effect of different
salinity levels (1.5, 7.5, 15and 30 g / L)
was studied on Liza carinata, it was
found that fish in salinity 1.5 and 30 g /
L consumed 15.5% and 20.4% more
oxygen respectively, fish in 15 g / L
salinity. Some results were different
from the current study as Gretan et
al.(2012) reported no change in the
oxygen consumption rate and metabolic
rate of Acanthopagrus latus when
exposed to three environments (fresh
water, brackish water and saline water)
during rapid exposure to high or low
salinities when transported from marine
water to fresh and from salty water to
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brackish water, this was attributed to the
fact that these fish have genes that are
responsible for conserving energy when
the saline concentration changes over a
short period of time as part of the
adaptation phase to the saline
concentration. Awal et al. (2012)
reported that the decrease in the oxygen
consumption of Tilapia was 2.14, 0.71,
1.43, and 1.42 mg O, / kg / h when
exposed to salinity 0, 10, 20 and 30 g /
L, respectively.

Conclusion

The researcher attributed the
decrease in oxygen consumption to the
decrease in fish activity due to increased
salinity and so their exposure to stress.
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