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Abstract: Sodium chloride is widely used in aquaculture due to its antiparasitic effects and its ability to reduce
stress during fish transport and manipulation. The aim of this study was to assess the safety of short-term exposure
to sodium chloride for the common carp (Cyprinus carpio). In our experiment, fish were placed into a sodium
chloride bath (c = 30 g17}; T = 30 min; t = 20 °C) and the effects of the treatment were assessed immediately after
the bath (T0) and 24, 48 and 240 h later (T24, T48 and T240, respectively), with non-treated fish serving as control
groups. Though significant differences compared to the controls were observed in the treated fish sampled at TO,
T24 and T48, these effects were only temporary and all the affected parameters (i.e., haemoglobin, haematocrit,
plasmatic lactate, cholesterol, alanine aminotransferase, albumin, phosphorus and ceruloplasmin) had completely
recovered within 10 days of exposure, suggesting that the treatment of carp with a sodium chloride bath represents
a safe approach suitable for therapy of parasitic infections.
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The occurrence of pathogens represents a seri-
ous threat to aquacultural fish farms as it can lead
to a range of diseases causing significant economic
losses. While larval fish stages are particularly sensi-
tive toward parasitic diseases (Dulski et al. 2020), all
fish infected by parasites tend not to thrive and may
even die (Barber 2007; Garcia-Magana et al. 2019).
Fish parasitic infections can be treated with vari-

ous chemotherapeutics, which are usually admin-
istered in the form of therapeutic baths. Using this
approach, medicinal substances dissolved in water
act externally on the gills or skin, or may be ab-
sorbed through the skin and gills into the fish’s body
(Palikova et al. 2019). While a number of alternatives
for treating parasitic infections exist in aquaculture,
almost all have limitations. Optimally, a treatment
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should comply with several requirements, i.e.,
it should be effective against parasites at concentra-
tions that are not toxic to the fish themselves and the
compound used should be cheap and easily soluble
in water. Furthermore, where the flesh of the fish
is intended for human consumption, there should
be no antiparasitic agent residue retained in the fish’s
tissue over the long-term (Lieke et al. 2019).
Common disinfectants and antiparasitic agents
presently used in aquaculture include formalde-
hyde, peracetic acid and potassium permanganate
(Svobodova et al. 2007; Valeta et al. 2016). In many
countries, malachite green has been extensively used
in aquaculture; however, highly stable and poten-
tially toxic residues of the parent compound, as well
as its metabolite leucomalachite green, have been
detected in fish tissues after absorption, represent-
ing a health risk to both the fish and humans, as the
final consumers of fish meat (Hashimoto et al. 2011;
EFSA CONTAM Panel 2016; Valeta et al. 2016).
For this reason, the use of malachite green is not
authorised in EU fisheries and the possible presence
of residue in fish meat intended for the EU market
is carefully monitored (European Commission 2002;
European Commission 2019). Formaldehyde, an-
other antiparasitic agent, is usually applied as a 36%
to 38% solution known as formalin. The first re-
corded use of formalin was in the beginning of the
20" century, specifically in 1909. However, while
it is extremely effective against protozoan and
monogenean parasites of both farmed and marine
fish (Alderman and Michel 1992; Tavares-Dias
2021), it is potentially carcinogenic. A further dis-
advantage of formalin is that it can remove oxygen
from the water (Svobodova et al. 2007; Palikova et al.
2019). Potassium permanganate, as a strong oxi-
diser, can act as an effective agent against fish dis-
eases; however, its action is non-selective and it will
oxidise any organic matter, including fish mucus
and gill tissue (Svobodova et al. 2007; Valeta et al.
2016). Moreover, therapeutic concentrations of the
compound are very close to those lethal for fish,
while high potassium permanganate concentrations
in water can cause undesirable changes in the water
colour (Svobodova et al. 2007; Valeta et al. 2016).
A number of more environmentally friendly dis-
infectant/antiparasitic methods exist, such as treat-
ment by hydrogen peroxide or peracetic acid. These
substances are highly reactive and degrade easily
into harmless by-products; nevertheless, their low
stability can pose a problem in that an effective

concentration of the active compounds can de-
crease very rapidly in water (Svobodova et al. 2007;
Pedersen et al. 2009; Valeta et al. 2016).

A further alternative for fish antiparasitic treat-
ment is the use of sodium chloride, or common table
salt (Dulski et al. 2020). Sodium chloride is an eas-
ily available and cost-effective compound that has
often been used in practice; indeed, it is sometimes
referred to as the “aspirin of aquaculture” (Bolivar
et al. 2004). It is known that common salt has ef-
fectively been used in fish treatment since the 1950s
(Sellose and Rowland 1990). In addition to the anti-
parasitic therapy, it has also been used as an agent
for reducing the effects of nitrite poisoning, for
stimulating mucus production and for reducing
stress from manipulation or transportation (Bolivar
et al. 2004; Maciel et al. 2018). Previous studies have
suggested that immersion in sodium chloride baths
helps reduce the occurrence of important protozo-
ans, helminths and fungal pathogens involving ec-
toparasitic genera such as Cryptobia, Ichthyobodo,
Chilodonella, Trichodina and Trichodinella (Noga
1995; Svobodova et al. 2007; Palikova et al. 2019).
Nevertheless, therapeutic bath conditions, especial-
ly the sodium chloride concentration and duration
and temperature of the bath, need to be carefully
considered in relation to the species, developmen-
tal stage and the health of the fish being treated.
The most common conditions applied include
preparation of a solution of 10 g to 30 g of sodium
chloride per 1 litre of water, with the application
lasting 15 min to 30 min (maximum one hour). The
bath temperature should be kept above 5 °C at all
times, as once it drops below that temperature, the
treatment efficiency may be substantially reduced
(Noga 1995; Svobodova et al. 2007; Palikova et al.
2019). Unlike some of the above-mentioned anti-
parasitics, sodium chloride is relatively harmless
to humans (Svobodova et al. 2007) and, if necessary,
the bath can be repeated several times (Svobodova
et al. 2007).

The aim of this study was to assess the safety
of short-term sodium chloride baths for the common
carp (Cyprinus carpio), one of the most commonly
produced and consumed fish in Central Europe
(Nebesky et al. 2016), by examining the fish histol-
ogy and a range of haematological, biochemical and
oxidative stress indices. The bath conditions (¢ =
30 g1™%; T = 30 min; t = 20 °C) were chosen so that
they matched the actual therapeutic concentrations
used in aquaculture for treating parasitic infections.
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MATERIAL AND METHODS
Experimental design

In this experiment, we used eighty two-year-old
common carp from the Mendel University fishery
farm (a breeder of experimental animals approved
by the Ministry of Agriculture of the Czech Republic).
At the time of testing, all the fish were of good health
status with no ecto- or endoparasites. Before the ex-
periment started, the 80 carp were randomly divided
into eight groups, which were then placed into glass
tanks (i.e., 10 fish per tank) filled with 180 1! of de-
chlorinated water (t = 20 + 1 °C) and left to accli-
matise for fourteen days. Subsequently, four groups
were treated in 99.8% sodium chloride baths [sodium
chloride concentration (c) = 30 g I"}; duration of ex-
posure (T) = 30 min, temperature (t) = 20 °C)], while
the other four groups were left untreated to serve
as controls. Immediately after exposure (T0), the
fish from one of the treated groups and an untreat-
ed control were sampled for further analysis (see
below), while the remaining three groups of treated
and untreated fish were transferred into tanks filled
with fresh dechlorinated water. One treatment group
and one untreated control were then sampled at 24,
48 and 240 h after exposure (T24, T48 and T240,
respectively). The water temperature, oxygen concen-
tration and pH were recorded in all the tanks twice
per day, and half of the water volume was changed ev-
ery 24 hours. Over the course of the experiment, the
water temperature ranged from 19 °C to 21 °C, the pH
values ranged from 7.9 and 8.4 and the dissolved
oxygen levels never fell below 60% saturation. The
concentration of ammonia, chlorides and nitrites
ranged from 0.05 mg 17! to 1.14 mg 1!, 78 mg I
to 110 mg 1! and 0.2 mg "' to 1.94 mg I}, respec-
tively. The fish mortality, feed intake and behaviour
were also monitored throughout the experiment.

Upon sampling, blood was taken from the tail vein
for the haematological and biochemical examination
and determination of the oxidative stress. The fish
were then sacrificed for the histological examination
of the tissues (see below) by first stunning the fish
with a blow to the head and then killing it through
spinal transection. The sacrifice procedure was
conducted in compliance with national Czech leg-
islation on the protection of animals against cru-
elty (Act No. 246/1992 Coll.) and the relevant laws
on the protection, breeding and use of experimental
animals (Decree No. 419/2012 Coll.).
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Haematological profile

The blood for the haematological and biochem-
ical examination was sampled from the tail vein
of each fish and transferred into tubes containing
sodium heparin (10 pl of anticoagulant and 1 ml
of blood) and chilled. The total red blood cell count
(RBC; erythrocytes) was determined microscopi-
cally in a Burker chamber, with Natt-Herrick’s so-
lution used to stain the blood cells. The blood for
the determination of packed cell volume (PCV;
haematocrit) was sampled with a haematocrit cap-
illary and centrifuged (18 928 g, 3 minutes). The
haemoglobin (Hb) concentration was determined
spectrophotometrically using the cyanohaemo-
globin method. The mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH)
and mean corpuscular haemoglobin concentration
(MCHC) were also examined. The MCV was calcu-
lated as the PCV multiplied by 1 000 and divided
by the RBC; the MCH was calculated as the Hb
concentration divided by the RBC and the MCHC
was calculated as the Hb divided by the PCV. The
differential leucocyte counts were monitored
by optical microscopy after staining blood smears
on glass slides with a Pappenheim solution, accord-
ing to the methodology of Svobodova et al. (2012),
with six different cell populations distinguished,
i.e., lymphocytes, monocytes, myelocytes, meta-
myelocytes, neutrophil granulocytes (bands) and
neutrophil granulocytes (segments).

Biochemical indices

The blood for the biochemical analysis was cen-
trifuged for 10 min at 4 °C and a relative centrif-
ugal force of 800 g. The plasma, thus obtained,
was stored at —80 °C for further analysis. The
concentrations of the albumin, ammonia, total
protein, cholesterol, glucose, triacylglycerols, lac-
tate, calcium and phosphorus were determined us-
ing a Konelab 20i biochemical analyser (Thermo
Fischer Scientific, Waltham, USA).

The same instrument, together with commer-
cial test kits (Biovendor, Brno, Czech Republic),
were used for the determination of the plasmatic
enzyme activity, specifically alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and lactate dehydrogenase
(LDH).
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Oxidative stress indices Statistical analysis

The blood plasma samples were also used for the The data obtained were analysed using Unistat
determination of two oxidative stress indices, spe-  for Excel v6.5 statistical software, with the re-
cifically ceruloplasmin and FRAP (ferric reducing sults presented as the mean + SD (# = 10 in each
ability of plasma). group). First, the data were tested for normality us-

The FRAP was measured by reducing the ferric  ing the Shapiro-Wilks test. An unpaired ¢-test was
ions to ferrous ions at a low pH using a Konelab 20i  used for the normally distributed data. In the case
biochemical analyser (Thermo Fischer Scientific, of non-normal distribution, the data were subjected
Waltham, USA), while the ceruloplasmin activity = to a non-parametric Mann-Whitney test. The statis-
was determined using p-phenylenediamine, the tical evaluations were carried out only between the
concentration being expressed as the absorbance control group and treated group at the same time
increase per minute x 10 000, as described in detail  point. The differences between the groups were
in Haluzova et al. (2010). considered as significant at P < 0.05 and P < 0.01.

Histopathology RESULTS AND DISCUSSION

A histological examination was carried out Haematological profile
on a total of 48 fish (i.e., six fish per group), with
six different tissue samples taken from each fish, Sodium chloride baths have often been used
i.e., liver, spleen, anterior and posterior kidneys, in aquaculture to reduce the occurrence of some
gills and skin. Each sample was fixed in 10% forma-  parasitic diseases (Bolivar et al. 2004); nevertheless,
lin, dehydrated and then embedded into paraffin a careful assessment of the possible toxic effects
blocks. These were then processed using a micro-  is still required in order to confirm the safety of this
tome to obtain ultrathin 4 pum slices. The slices were  therapeutic approach.
then installed onto microscopic slides and stained In this study, we only observed significant dif-
with haematoxylin and eosin (H&E). ferences for the PCV and Hb in the T24 treatment
Finally, the microscopic slides were examined un-  group (P < 0.05), with no differences observed
der an optical microscope in order to detect any in the other haematological indices for any other
pathologies. time period (Table 1). Regarding the leucocyte dif-

Table 1. Haematological indices for the common carp (Cyprinus carpio) after treatment in a sodium chloride bath
(x £SD), n=10

TO T24 T48 T240
] o) aei -3 ] 3 ae] o)
Index 2 g 2 2 g 2 2 g
< b=l < b=l < b=l < b=l
g 5 o g o g o 5
B 5] B o b= 5] = 5

RBC (T 1Y) 2.02+058 2.14+041 1.68 £045 1.89 +0.64 1.64£0.32 1.76 +0.56 2.08 +0.34 228 +0.57
Hb (g1™) 61.75+296 6348 +4.17 58.10 +3.99* 54.19 + 6.44* 62.20 +7.47 61.34+5.01 63.30+6.32 59.45 +4.35
PCV (117} 0.32+0.02 032+0.01 0.33+0.03* 0.29+0.03* 0.32+0.04 0.32+0.03 0.35+0.03 0.33+£0.03
MCV (fl) 158.6 + 34.13 149.2 £ 39.65 195.4 + 52.24 155.1 +49.19 197.9 + 24.10 183.0 + 64.94 168.4 + 38.35 145.2 + 32.79
MCH (pg) 30.60 £6.99 29.77 £+8.09 3456 +831 28.74+7.78 37.92+6.79 34.85+12.02 30.49 +6.67 26.04+7.06
MCHC (1I"}) 0.19+£0.01 0.20 £ 0.01 0.18+0.01  0.19 £ 0.02 0.19+0.01 0.19 £0.01 0.18+0.01 0.18 £0.02

Hb = haemoglobin; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration;
MCYV = mean corpuscular volume; PCV = packed cell volume (haematocrit); RBC = red blood cell count; SD = standard
deviation

Asterisk and bold font indicate a significant difference between the control and treated groups at the same time point;
*P < 0.05
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ferential counts, we observed a significant increase
for the lymphocytes (P < 0.05) and a significant de-
crease (P < 0.05) in the neutrophil myelocytes and
metamyelocytesin the TO treated group (Table 2),
as well as a significant decrease in the percentage
of monocytes in the T48 group (P < 0.01).

As the T240 group showed no significant impacts
in regards to any of the haematological indices inves-
tigated, this would suggest that a period of 10 days
is sufficient to allow the complete recovery from
any effects of the sodium chloride therapeutic bath.

The haematological indices in fish usually cover
a relatively wide range due to exogenous (e.g., water
temperature, oxygen content) and endogenous (e.g.,
age, sex) factors (Svobodova et al. 2012). Nevertheless,
our haematological profile results are consistent with
those of previous studies. For example, Enevova et al.
(2018), who studied the effect of salt baths (8 g 177,
14 and 21 days) on parasitic kidney disease caused
by Tetracapsuloides bryosalmonae in rainbow trout
(Oncorhynchus mykiss), described a significant in-
crease (P < 0.05) in the PCV and Hb at 21 days after
immersion, suggesting that the increase represented
a compensatory reaction to the stress that contribut-
ed to their gradual recovery. Similarly, Demska-Zakes
et al. (2021), who tested the effects of a 30 min so-
dium chloride bath on pikeperch (Sander lucioperca)
at TO and T24, observed that the haemoglobin levels,
haematocrit, and red blood cell count were signifi-
cantly increased in fish treated with either a 10 g 17!

https://doi.org/10.17221/61/2021-VETMED

or20 g 1! sodium chloride concentration, with the
changes in the haematological profile persisting
after 24 hours. Brown et al. (2001), in testing the
osmoregulatory ability of pikeperch by transferring
the fish from freshwater to saline water (c = 16 g1
sodium chloride), recorded an increase in both the
blood PCV and Hb within 24 h; however, both hae-
matological indices were restored to control values
over the following five days while remaining in the
saline water. According to these authors, the initial
rise in the PCV was probably the result of an adren-
ergic stress response, with the osmotic water loss
also contributing to the observed effect (Brown et al.
2001). According to Svobodova et al. (2012), salin-
ity stress can also trigger changes in the differential
leucocyte count, which would explain the significant
increase in the percentage of lymphocytes observed
in our study in the TO treated fish.

Biochemical indices

Changes in the plasmatic biochemical profile
are considered a highly sensitive indicator of the
fish’s condition (Svobodova et al. 2012). Probably
the most sensitive biochemical index investigated
in our study was the plasmatic lactate. Surprisingly,
while a significant increase (P < 0.01) in the lac-
tate concentration was detected in the TO treated
fish, significantly lower lactate concentrations were

Table 2. Differential leucocyte counts for the common carp (Cyprinus carpio) after treatment in a sodium chloride

bath (X + SD), n = 10

ToO T24 T48 T240

Cell types (%) E E :ch I E E T’é E

] = ] = ] = I =
Lymphocytes  94.80 + 2.20* 91.30 + 3.53* 93.50 + 4.14 95.15+ 1.80 88.55+6.07 86.05+7.49 9230+ 221 94.00 + 2.79
Neutrophilic 2.25+1.13* 2.95+0.99* 3.13+195 207+089 4.05+278 4.05+286  200+216 1.60+1.78
myelocytes
Neutrophilic 2,65+ 1.25* 4.15+0.44* 211+1.08 195+060 3.90+209 420+223  280+092 170+ 1.89
metamyelocytes
Neutrophilic
b 1254035 129+039 1.00+000 1.00+000 219+0.66 200+149  1.30+1.57 0.80+0.63
f:og;?lizted NeW 1144038 139+070 129+076 1104022 139+060 239+124  070+0.67 130+1.25
Monocytes 133+041 1204040 2.00+085 1.44+046 1.560.60** 2.80 + 0.92** 0.90+0.74 0.60 + 0.52

SD = standard deviation

Asterisk and bold font indicate significant difference between control and treated group at the same time point; *P < 0.05,

**P < 0.01
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observed in the T24 (P < 0.05) and T48 (P < 0.01)
treated fish (Table 3). In the TO group, the cho-
lesterol was significantly lower (P < 0.05) and the
phosphorus concentration significantly higher
(P < 0.05) than the controls. Finally, we recorded
a significantly lower (P < 0.05) ALT activity in the
T24 group, and significantly lower (P < 0.01) albu-
min concentrations in the T48 group. No significant
differences were observed in any of the biochemical
indices for the T240 treated fish (Table 3).

Our results are comparable with those reported
by Demska-Zakes et al. (2021), who placed pike-
perch in sodium chloride baths at concentrations
of either 10 or 20 g I"* for 30 or 60 minutes. They
reported increased lactate and glucose levels
in the fish sampled immediately after the bath,
and no significant differences against the control
after 24 hours. The increase in the lactate levels,
also observed in the TO fish in our experiment,
may have occurred due to activation of a stress re-

Table 3. Plasma biochemical indices for the common carp (Cyprinus carpio) after treatment in a sodium chloride bath

(x £SD),n=10

TO T24 T48 T240
Index '§ g E E g g E g
Albumin . -
(@ 1_1) 10.97 +1.60 11.84+1.88 10.93+2.44 10.37 +2.14 10.9 + 2.16**13.95 + 1.90** 10.58 + 2.55  9.66 + 2.55
ALP
(ukat 1) 0.29+022 042+0.29 0.36+0.27 0.44+0.28 0.51+0.42 0.37 + 0.24 04+0.24 0.39+0.23
ALT . .
(ukat 1) 042+0.09 059+036 0.41+0.13* 0.55+0.16* 0.40+0.11 0.57 + 0.48 0.17+0.15 0.18 +0.04
AST
(ukat 171) 3.42+205 2.62+1.49 3.21 £2.20 3.81 +2.42 3.83 +1.96 2.36 + 1.16 1.44 + 0.67 1.08 + 0.23
Ammonia

(umol I71)

Total protein ¢ <. 353 3133+3.88

27.96 +3.87 27.23 +2.06

174.9 £ 56.58 165.0 £ 52.93 233.0 + 56.98 201.0 +£ 82.34 202.1 +45.49 209.7 + 48.89 262.5 + 85.25 223.1 + 69.59

28.12 £2.62 30.61 +3.38

,1 26.90 +2.52 24.99 + 1.71
(g™

Cholesterol N N

(ol LDy +92%0.63° 5932090° 547080 5614057 55611l 616+134 590093 559+100
fi‘;fglh 1‘3 f;ls 2.39 + 0.58* 1.70 + 0.47* 3.01+045 294+048 259+034 3.17+076 3.73+078 3.17 +0.98
Glucose

(mmol 1) 698%140 7464215 5704224 7244261 7934244 8102207 5302129 5212066
LDH

(ot 204342559 7682817 1071977 2006+2445 10.19+1080 6831100 2874302 230+ 2.00
Lactate . . * * w sk

(mmol 1) 323106 1902073 373+ 114" 484+0.96" 3.83+075" 523+ 114" 651178 679423
TAG

(mmol[ ) 291#052 3264050 302+050 301+079 3494067 3362064 2492033 229033
Calcium

(mmoll1) 265051 2692032 201028 2794031 262055 3145053 295048 3174046

ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; LDH = lactate dehy-

drogenase; SD = standard deviation; TAG = triacylglycerols

Asterisk and bold font indicate a significant difference between the control and treated groups at the same time point;

*P < 0.05, **P < 0.01

535


https://www.agriculturejournals.cz/web/vetmed/

Original Paper

Veterinarni Medicina, 66, 2021 (12): 530-538

sponse through adrenergic stimulation (Galkova
2015). Lactate, which is easily transported between
organs, plays a crucial role in cellular metabolism,
where it serves as the main energy source. This
is of particular importance in stressful situations.
Thus, a decrease in the plasma lactate at T24 and
T48 may suggest an accelerated metabolic transfor-
mation within the fish or stress adaptation (Bakker
et al. 2013). The increase in the phosphorus con-
centration after the treatment is explained by the
metabolic acidosis caused by the increase in the lac-
tate concentration, while the decrease in the plas-
matic concentrations of the cholesterol (T0) and
albumin (T48) may be the result of the reduced
synthesis (Doubek et al. 2014).

Oxidative stress indices

A range of water pollutants are able to trigger the
generation of reactive oxygen species (ROS) in liv-
ing organisms, thereby inducing oxidative stress.
Antioxidant defence systems (either enzymatic
or non-enzymatic), the main role of which is to pro-
tect organisms from ROS, can be used to evaluate the
toxic effects of various chemicals, especially those
causing oxidative damage (Valavanidis et al. 2006).
The main role of non-enzymatic antioxidants (e.g.,
glutathione, vitamin E, ascorbate, FRAP, ceruloplas-
min, urate) is to scavenge and bind free radicals
(Birben et al. 2012). In our study, while the cerulo-
plasmin was significantly lower (P < 0.01) in the TO
treated fish, there were no differences in either the
ceruloplasmin or FRAP in the fish sampled at T24,
T48 or T240 (Table 4).

https://doi.org/10.17221/61/2021-VETMED

Unlike our study, Enevova et al. (2018) described
a significant increase in the plasma oxidative in-
dices, including the FRAP and ceruloplasmin,
an acute-phase reactant (Haluzova et al. 2010),
in the treated group 14 days after immersion, in-
dicating an effective adaptation response to stress.
Our results suggest that fish adapt relatively quickly
to sodium chloride baths and that, with the used
water temperatures and exposure times, they
represent a safe therapeutic treatment for fish
(Svobodova et al. 2007; Palikova et al. 2019).

Histopathology

In our study, we observed no histopathological
changes in the liver, spleen, anterior and posterior
kidneys, gills or skin in all the treated and con-
trol groups (T0, T24, T48 and T240). Similarly,
Enevova et al. (2018) observed no histopathologi-
cal changes in the groups treated with an 8 g 17!
sodium chloride solution and the untreated groups
after 14 and 21 days. In comparison, formalin and
peracetic acid baths, which are also used as an-
tiparasitic agents, cause strong histopathological
effects, with extensive changes observed on the
gills and skin in common carp immediately and
after 24 h, 48 h and 10 days, and numerous mu-
cinous elements on the skin, following exposure
to a formalin treatment bath (Chmelova et al.
2016). Moreover, structural damage to the lamella
and numerous mucinous cells have been observed
on the gills of common carp (Chmelova et al. 2016),
whereas Chupani et al. (2014) observed pathologi-
cal alterations in the secondary and primary la-

Table 4. Plasma oxidative stress indices for the common carp (Cyprinus carpio) after treatment in a sodium chloride bath

(X £SD), n =10

TO T24 T48 T240
Index E g E g E E § Tg
FRAP
(umol 1Y) 642.8 + 126.79 672.2 + 101.97 631.8 + 101.06 653.0 + 117.23 551.9 + 96.73 588.8 + 89.95 617.3 + 77.89 602.4 + 129.24
Cp

(AA min~! 18.96 + 2.96** 25.44 + 5.64** 22.63 + 5.23
x 10 000)

25.20 £ 6.11

25.73 +4.21 3327 £14.23 2573 +4.21 23.30 + 3.38

Cp = ceruloplasmin; FRAP = ferric reducing ability of plasma; SD = standard deviation

Asterisk and bold font indicate a significant difference between the control and treated groups at the same time point;

**P < 0.01
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mellae, including haemorrhaging, fusions and focal
degeneration of the secondary lamellae in grass
carp (Ctenopharyngodon idella) after immersion
in a peracetic acid treatment bath.

The prevention of fish parasitic infections
is an important issue in aquaculture as it can lead
to economic losses. While numerous methods exist
for treating parasitic infections, most have serious
disadvantages that limit their use. Previous use so-
dium chloride baths have suggested that they are
a promising alternative to other, potentially more
harmful, alternatives, not least as, in particular,
it is inexpensive, the compound is easily soluble
in water and the method is usually very effective
against a wide range of (ecto)parasites. Moreover,
sodium chloride does not leave toxic residue in the
fish meat. Our study, which was designed to evalu-
ate the safety of such therapeutic sodium chloride
baths, used a sodium chloride concentration, bath
temperature and immersion duration (c = 30 g 17,
T = 20 °C, t = 30 min) that was as similar to the
actual field use as possible.

Our results suggest that while the treatment can
induce mild, short-term stress levels in fish, the
physiological functions completely recover within
10 days of treatment, with no long-term histopath-
ological, haematological, biochemical or oxidative
stress impacts. Based on these results, therapeutic
sodium chloride baths represent one of the saf-
est options for treating (ecto)parasitosis in aqua-
culture.
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