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Abstract

Haematological parameters are valuable indicators of fish health status. This study is aimed to provide baseline data of the
blood profile of two teleost fish species living in different environments and with divergent feeding behaviour, namely the
flathead grey mullet Mugil cephalus Linnaeus, 1758, a marine herbivorous fish, and the goldfish Carassius auratus (Linnaeus,
1758), a freshwater omnivorous fish. Using an automated system coupled with flow cytometry and light microscopy,
significant variations were found between M. cephalus and C. auratus blood parameters, except for haemoglobin
concentration (Hgb). A significant increase in red blood cell count (RBC) and haematocrit (Hct) levels, associated with
reduced mean corpuscular volume (MCV), was revealed in mullets in respect to goldfish. These data may be attributable to
differences in fish species, or to their divergent physiological activeness as high RBC values are associated with fast
movement and high activity with streamlined bodies, or to environmental factors such as water salinity, an increase in
which may lead to erythropoiesis as an adaptive process in seawater fish. Additionally, lower values of white blood cell
count (WBC) and thrombocyte count (T'C) were recorded in mullets with respect to goldfish, and these changes may be due
to divergent feeding habits of the two fish species, or to their different environments since increased salinity may inversely
affect WBC. Overall, findings from this study provide a better understanding of the influences of divergent environmental
conditions and feeding habits on fish blood parameters. The combined use of an automatic haematological count with flow
cytometry was demonstrated to be effective for an early assessment of blood parameters in different fish species.
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Introduction Sheikh & Ahmed 2016), as well as basic ecological
factors such as feeding regime and stocking density
(Coz-Rakovac et al. 2005; Ferri et al. 2011). A correct
interpretation of fish haematology depends on the
availability of reference values, helpful in understand-
ing the relationship of blood characteristics to the
phylogeny, activity, habitat and adaptability of the
species to the environment (Blaxhall 1972; Wilhem
et al. 1992). This study is therefore aimed at providing
baseline data of the haematological profile of two tele-
ost fish species living in different aquatic environ-
ments, namely the flathead grey mullet Mugil

Haematological parameters are commonly used as
valuable indicators for the assessment of fish health
status (Gabriel et al. 2004). Variations in blood para-
meters depend upon the fish species, aquatic biotope,
health and nutritional status, age and sexual maturity
(Blaxhall 1972; Chaudhuri et al. 1986; Wilhem et al.
1992; Hrubec et al. 2001; Fazio et al. 2016).
Moreover, blood parameters of fish are highly sensitive
to environmental changes. Quality of water, oxygen,
temperature and salinity are directly reflected in blood
parameters (LeaMaster et al. 1990; Luskovav 1997;
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cephalus Linnaeus, 1758, a marine herbivorous fish,
and the goldfish Carassius auratus (Linnaeus, 1758),
a freshwater omnivorous fish.

Grey mullets (Osteichthyes: Mugilidae) have a
worldwide distribution, commonly inhabiting tropical
and warm-temperate estuaries. Even if spawning
occurs in the sea, grey mullets are highly euryhaline
as they are capable of living in a wide range of sali-
nities, from marine to estuarine and freshwater envir-
onments (Cardona 2006; Brandido et al. 2015;
Cappello et al. 2016a,b). Although M. cephalus larvae
are planktivorous, juveniles and adults undergo a
change in diet and feed mainly on detritus and benthic
microalgae, especially diatoms (Whitfield et al. 2012).
Mougil cephalus is also a species of considerable com-
mercial value as it is widely exploited worldwide, being
an important fishing resource as well as aquaculture
species (Cardona 2006; Whitfield et al. 2012).

Goldfish (Cypriniformes: Cyprinidae) primarily
inhabit freshwater environments and are distributed
widely in and around the FEurasian continent
(Takada et al. 2010). Goldfish are ominvorous, and
their diet includes planktonic crustaceans, phyto-
plankton, insect larvae, fish eggs and fry, benthic vege-
tation and detritus (Specziar et al. 1998). Goldfish can
tolerate low oxygen levels, temperature fluctuations
and high levels of anthropogenic pollution, and for
these reasons they are frequently used as sentinel spe-
cies in various laboratory studies (Fan et al. 2013;
Maisano et al. 2013; Zhelev et al. 2016). Also, C.
auratus is a domesticated ornamental fish of economic
relevance in the freshwater aquarium fish industry.

The haematological profiles of the grey mullet M.
cephalus and the goldfish C. awratus were herein
determined by the use of an automated system,
coupled with flow cytometry and light microscopy.

Material and methods
Fish collection and acclimation

Twenty flathead grey mullets M. cephalus were
caught from Faro Lake, a coastal brackish system
located in north-eastern Sicily, Italy (Fazio et al.
2013; D’Agata et al. 2014; Maisano et al. 2016b).
All fishes (fork length: 21.25 * 2.72 cmj; weight:
75.40 * 12.35 g) were considered healthy on the
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basis of an external examination for any signs of
abnormalities or infestation. After collection, all ani-
mals were transported to the laboratory to be accli-
mated for 3 weeks in 400-L tanks each containing
pond water (physico-chemical characteristics are
reported in Table I), equipped with filter and oxyge-
nation systems. According to a previous study con-
ducted in the laboratory with mullets (Faggio et al.
2013), for the first 3 days of the acclimatisation
period, fish were fasted and then fed twice per day
with commercial floating pelleted feed (0.45 cm dia-
meter), the proximate composition of which was, on
a wet basis, 8.9% moisture, 51.1% protein, 8.0%
lipid and 11% ash.

Additionally, 20 goldfish C. aurarus (fork length:
18.13 * 1.45 cm; weight: 70.50 * 7.20 g) were
purchased from a commercial supplier. Upon arri-
val, fish were transferred to circular tanks supplied
with aerated and dechloraminated water, the phy-
sico-chemical features of which are reported in
Table I. The fish were held in aquaria for acclima-
tion for 3 weeks, and fed with commercial pellets
(0.3 cm size) 2 times a day.

For the entire acclimation period, both the mullet
tanks and goldfish tanks were maintained under a
12:12-h light:dark photoperiod. Water temperature,
pH, salinity, dissolved oxygen (DO,) and ammonia
(NH3/NH,) levels, as reported in Table I, were
checked daily in each tank using a multi-parametric
probe C 203 (Hanna-Instruments, United Kingdom).
No mortality was recorded during the entire acclima-
tion period.

Fish blood collection

For both mullets and goldfish, feeding was stopped
24 h prior to blood sampling. The fish were anaes-
thetised using tricaine methane sulfonate (MS-222;
0.3 g/I)) immediately before blood collection. Blood
samples were drawn from the caudal vein using a
sterile plastic syringe (2.5 mL), and transferred into
microtubes (Miniplast 0.6 mL, LP Italiana Spa,
Milano) containing ethylenediamine tetraacetic acid
(EDTA, 1.26 mg/0.6 mL) as the anticoagulant
agent. Animal maintenance and experimental proce-
dures were in accordance with the ethical guidelines

Table I. Water physico-chemical characteristics for acclimation of Mugil cephalus and Carassius auratus.

Fish species Temperature pH Conductivity Dissolved oxygen (DO,) Salinity (NH3/NH,)
M. cephalus 18.2°C 8.23 47.6 mS/cm 5.7 mg/L 38°/00 0.20 mg/L
C. auratus 18.1°C 8.01 342.1 uS/cm 5.3 mg/L. 0.03°/00 0.23 mg/LL
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of the European Union Council (Guide for Care and
Use of Laboratory Animals, Directive 2010/63/EU).

Automatic haematological analysis

The haematological profile was determined immedi-
ately after collection of mullet and goldfish whole-
blood samples using an automated haematology ana-
lyser (HeCo Vet C; SEAC, Florence, Italy). This
apparatus uses an impedance analysis system that
was already used and validated by comparative man-
ual tests in the veterinary field to investigate haema-
tological profiles in various fish species (Faggio et al.
2013; Fazio et al. 2013, 2016). Evaluation of the
haemogram involved the determination of the red
blood cell count (RBC), haematocrit (Hct), haemo-
globin concentration (Hgb), white blood cell count
(WBC), thrombocyte count (T'C), mean corpuscular
volume (MCV), mean corpuscular haemoglobin
(MCH) and mean corpuscular haemoglobin concen-
tration (MCHC). All fish blood samples were ana-
lysed in duplicate by the same operator.

Flow cytomerric analysis

Flow cytometric analysis was performed within 5 h
of drawing mullet and goldfish whole-blood samples,
using ImageStream®™ (Amnis, Seattle, WA), a multi-
spectral flow cytometer combining standard micro-
scopy with flow cytometry. It can acquire up to 100
cells/s, with simultaneous acquisition of six images of
each cell, including bright field, scatter and multiple
fluorescent images. For the present study, the inte-
grated software INSPIRE, running on the
ImageStream™ Mark II, was applied. Samples were
always left on ice before being injected into the flow
cell. Then, the cells were allowed to form a single
core stream before acquisition. Images were analysed
using IDEAS image-analysis software (Amnis).

Morphological analysis

Morphological analysis of the grey mullet M. cepha-
lus and goldfish C. auratus erythrocytes was carried
out by smearing heparinised whole blood on a glass
slide. The slides were air-dried overnight and then
fixed in absolute methanol for 20 min before staining
with 10% Giemsa solution for 15 min. Blood smears
were observed using a 63 X oil-immersion objective
with a motorised Zeiss Axio Imager Z1 microscope
(Carl Zeiss AG, Werk Gottingen, Germany)
equipped with an AxioCam digital camera (Zeiss,
Jena, Germany).

Statistical analysis

Data obtained for haematological parameters were
tested for normality using Kolmogorov—Smirnov
test, using P < 0.05 as the threshold for significance.
Unpaired t-tests were used to determine statistical
differences between the two fish species in all para-
meters measured. Data were considered statistically
significant at P < 0.05. All calculations were carried
out using the statistical software Prism v. 5.00
(Graph Pad software Ldt., USA, 2003).

Results
Auromatic haematology

The haematological parameters of the two teleost
fish species, M. cephalus and C. auratus, are reported
as mean values * standard error of the mean (SEM)
in Table II. In detail, a statistically significant
increase in the levels of RBC and Hct was recorded
in grey mullets with respect to goldfish. In contrast,
the values of MCV, MCH, MCHC, WBC and TC
were statistically significantly lower in mullets than
goldfish. Additionally, no statistical differences
between the two teleost fish were found in the level
of Hgb.

Table II. Mean values * standard error of the mean (SEM) of haematological parameters
recorded in the two teleost species Mugil cephalus and Carassius auratus (*P < 0.05).

Mugil cephalus Carassius auratus
Haematological parameters (n = 20) (n = 20)
RBC (x10°/uL) 2.08 £ 0.16* 0.50 * 0.01
Hct (%) 19.55 + 1.86* 7.56 + 0.12
Hgb (g/dL) 4.45 + 0.33 4.18 £ 0.18
MCV (L) 92.11 + 2.10% 1152.80 * 3.70
MCH (pg) 21.58 * 0.36* 84.54 £ 3.79
MCHC (g/dL) 23.63 + 0.61% 55.93 £ 2.72
WBC (x 10%/uL) 30.08 *+ 2.28* 66.35 £ 2.46
TC (x 10°/uL) 27.96 + 3.58% 83.75 £ 4.19

RBC, red blood cell count; Hct, haematocrit; Hgb, haemoglobin concentration; MCV, mean
corpuscular volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemo-

globin concentration; WBC, white blood cell count; TC, thrombocyte count.



1e5 E
o .
m -
ml
(&) -
3, b |
z., 3
= J
[ J
@
£ J

1e3 -

0 -I T T 1 T T
) 30 60 90 120 150
Area_M09
a) Mugil cephalus

Blood parameters of mullets and goldfish 197

All

Intensity MC_SSC

I
20 40 60 80 100
Area_M09

b) Carassius auratus

Figure 1. Flow cytometry performed on blood samples of (a) the grey mullet Mugil cephalus and (b) the goldfish Carassius auratus. The score
plots show a clear grouping of red blood cells (RBC; in orange), white blood cells (WBC; in blue), thrombocytes (T'C; in green) and debris

(in yellow).

Flow cytomerry

The results obtained by the flow cytometric analysis
performed on the blood samples of the two teleost
fish are shown in Figure 1. A clear grouping of the
three main blood cell populations, namely RBC,
WBC and TC, is depicted in the score plots, as
well as appreciable variations between the two fish
species, with higher RBC and lower WBC and TC in
the grey mullet M. cephalus (Figure 1(a)) than in
goldfish C. aurarus (Figure 1(b)).

Red blood cell morphology

Microscopic examination of fish blood samples
revealed the presence of a high number of erythro-
cytes of reduced size in the grey mullet M. cephalus

'v

(Figure 2(a)). Conversely, the red blood cells of the
goldfish C. auratus appeared lower in number but
much greater in size in comparison with those
observed in mullets (Figure 2(b)).

Discussion

Fish are known to live in a very intimate contact with
their environment, and therefore they are extremely
dependent upon it (Guerriero et al. 2003; Acharya &
Mohanty 2014; Giannetto et al. 2014; Maisano et al.
2016a). It is well documented that ambient changes
influence blood cell number, morphology and distribu-
tion (Srivastava & Choudhary 2010). Haematological
parameters are therefore widely used as an early signal of
changes in fish health status, and have proven to be a
valuable approach also for monitoring the effects of

Figure 2. Erythrocytes from (a) the grey mullet Mugil cephalus and (b) the goldfish Carassius auratus. Scale bars: 20 pm.
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habitat changes on fish biology (Gabriel et al. 2004;
Fazio et al. 2012a, 2012b, 2012¢, 2013; Sheikh &
Ahmed 2016).

In order to use blood parameters as biomarkers, it
is necessary to know their standard values and refer-
ence interval for a given fish species. However, the
ranges of normal values of the key haematological
parameters are still undefined for some fish species
living in different habitats. The evaluation of the
haematological parameters of mullets and goldfish
was herein conducted using an automated system,
together with flow cytometry and light microscopy,
which provided comparable results.

Except for the Hgb value that proved to be nearly
the same in the two fish species, a significant increase
in RBC and Hct levels, coupled with reduced MCV
(and therefore directly linked also to decreased
MCH and MCHC), were revealed and microscopi-
cally observed in M. cephalus with respect to C.
auratus. It is known that the RBC of an organism
determines the carrying capacity of dissolved oxygen
(Al 2000). Therefore, the differences herein
observed may be attributable to the divergent phy-
siological activeness of the examined fish species. As
previously reported by Svobodova and collaborators
(Svobodova et al. 2008), active species present
higher values of haematological parameters com-
pared to less active forms. Indeed, high RBC values
are usually associated with fast movement and high
activity with streamlined bodies, as already docu-
mented in various studies conducted on wild and
farmed species, including grey mullets (Fazio et al.
2012a, 2012b, 2013, 2016). Additionally, environ-
mental factors such as water salinity have a direct
effect on various blood parameters such as RBC and
Hct through their effect on the haemoglobin oxygen-
binding properties and thus on oxygen transport
(Witeska 2013). The increased number of erythro-
cytes and concomitant reduction in their volume
recorded herein in mullets is due to an adaptive
process to salinity of seawater habitat. Oxygen trans-
portation in salt water moves faster than in fresh
water, and this implies a degeneration of part of the
red cells resulting in an increased erythropoiesis.
This leads to an augmented production of new ery-
throcytes with a decreased volume unit. Similar data
were provided by Izergina et al. (2007), after inves-
tigating the influence of water salinity on the physio-
logical status of juvenile chum salmon.

Interestingly, lower values of WBC and TC were
herein recorded in mullets with respect to goldfish.
It is known that WBC play a major role in the
immune defensive system of fish, whereas TC are
blood cells that serve mainly to form protective

barriers (Magnadottir 2006). The numbers of
WBC and TC may change in relation to various
environmental parameters or stimuli such as infec-
tion, as well as multiple other factors, from the age
of fish to species characteristics or nutritional dif-
ferences (Romano et al. 2017), which may explain
the variations in WBC and TC values observed
herein in mullets compared to goldfish, probably
reflecting the different feeding habits of the two
fish species under study. Notably, in a previous
study it was reported that M. cephalus showed the
lowest WBC and TC values with respect to two
other seawater carnivores species, namely Sparus
aurata and Dicentrarcus labrax (Fazio et al. 2016).
Also, increased salinity may inversely affect the
values of WBC as documented for M. cephalus
collected from two habitats with different physico-
chemical features (Fazio et al. 2012c).

The results of this preliminary study provide
basic knowledge of the blood profile of M. cephalus
and C. aurarus, two teleost species of ecological
and economic importance, allowing better compre-
hension of the influences of divergent environmen-
tal conditions and feeding habits on fish blood
parameters. Additionally, findings from this study
demonstrate the effectiveness of coupling an auto-
matic haematological count with flow cytometry as
diagnostic tools for an early understanding of the
variability of blood cells in different fish species.

Disclosure statement

No potential conflict of interest was reported by the
authors.

Ethical approval

All sampling, animal maintenance and experimental
procedures of this study involving fishes were per-
formed in accordance with the ethical guidelines of
the European Union Council, namely the Guide for
the Care and Use of Laboratory Animals, Directive
2010/63/EU.

References

Acharya G, Mohanty PK. 2014. Comparative haematological and
serum biochemical analysis of catfishes Clarias batrachus
(Linnaeus, 1758) and Heteropneustes fossilis (Bloch, 1794) with
respect to sex. Journal of Entomology and Zoology Studies
2:191-197.



Al V. 2000. Organic phosphates in the red blood cells of fish.
Comparative Biochemistry and Physiology Part A — Molecular
& Integrative Physiology 125:417-435. DOI:10.1016/S1095-
6433(00)00184-7.

Blaxhall PC. 1972. The haematological assessment of the health of
the freshwater fish. A Review of Selected Literature. Journal of
Fish Biology 4:593-604.

Brandao F, Cappello T, Raimundo J, Santos MA, Maisano M,
Mauceri A, Pacheco M, Pereira P. 2015. Unravelling the
mechanisms of mercury hepatotoxicity in wild fish (Liza aur-
ata) through a triad approach: Bioaccumulation, metabolomic
profiles and oxidative stress. Metallomics 7:1352-1363.
DOI:10.1039/C5MT00090D.

Cappello T, Branddo F, Guilherme S, Santos MA, Maisano M,
Mauceri A, Canario J, Pacheco M, Pereira P. 2016a. Insights
into the mechanisms underlying mercury-induced oxidative
stress in gills of wild fish Liza aurata combining '"H NMR
metabolomics and conventional biochemical assays. Science
of the Total Environment 548-549:13-24. DOI:10.1016/j.
scitotenv.2016.01.008.

Cappello T, Pereira P, Maisano M, Mauceri A, Pacheco M,
Fasulo S. 2016b. Advances in understanding the mechanisms
of mercury toxicity in wild golden grey mullet (Liza aurata) by
'H NMR-based metabolomics. Environmental Pollution
219:139-148. DOI:10.1016/j.envpol.2016.10.033.

Cardona L. 2006. Habitat selection by grey mullets (Osteichthyes:
Mugilidae) in Mediterranean estuaries: the role of salinity.
Scientia Marina 70:443-455. DOI:10.3989/scimar.2006.70n3.

Chaudhuri SH, Pandit T, Banerjee S. 1986. Size and sex related
variations of some blood parameters of Sarotherodon mossam-
bica. Environment and Ecology 14:61-63.

Coz-Rakovac R, Strunjak-Perovic I, Hacmanjek M, Topic
Popovic N, Lipej Z, Sostaric B. 2005. Blood chemistry and
histological properties of wild and cultured sea bas
(Dicentrarchus labrax) in the north Adriatic Sea. Veterinary
Research Communications 29:677-687. DOI:10.1007/
$11259-005-3684-z.

D’Agata A, Cappello T, Maisano M, Parrino V, Giannetto A,
Brundo MYV, Ferrante M, Mauceri A. 2014. Cellular biomar-
kers in the mussel Myzilus galloprovincialis (Bivalvia: Mytilidae)
from Lake Faro (Sicily, Italy). Italian Journal of Zoology
81:43-54. DOI:10.1080/11250003.2013.878400.

Faggio C, Casella S, Arfuso F, Marafioti S, Piccione G, Fazio F.
2013. Effect of storage time on haematological parameters in
mullet, Mugil cephalus. Cell Biochemistry and Function
31:412-416. DOI:10.1002/cbf.v31.5.

Fan W, Li Q, Yang X, Zhang L. 2013. Zn subcellular distribution
in liver of goldfish (Carassius auratus) with exposure to zinc
oxide nanoparticles and mechanism of hepatic detoxification.
PLoS One 8:¢78123. DOI:10.1371/journal.pone.0078123.

Fazio F, Faggio C, Marafioti S, Torre A, Sanfilippo M,
Piccione G. 2012a. Comparative study of haematological
profile on Gobius niger in two different habitat sites: Faro
Lake and Tyrrhenian Sea. Cahiers De Biologie Marine
53:213-219.

Fazio F, Filiciotto F, Marafioti S, Di Stefano V, Assenza A,
Placenti F, Buscaino G, Piccione G, Mazzola S. 2012b.
Automatic analysis to assess haematological parameters in
farmed gilthead sea bream (Sparus aurata Linnaeus, 1758).
Marine and Freshwater Behaviour and Physiology 45:63—73.
DOI:10.1080/10236244.2012.677559.

Fazio F, Marafioti S, Sanfilippo M, Casella S, Piccione G. 2016.
Assessment of immune blood cells and serum protein levels in
Mugil cephalus (Linnaeus, 1758), Sparus aurata (Linnaeus,
1758) and Dicentrarchus labrax (Linnaeus, 1758) collected

Blood parameters of mullets and goldfish 199

from the Thyrrenian sea coast (Italy). Cahiers De Biologie
Marine 57:235-240.

Fazio F, Marafioti S, Torre A, Sanfilippo M, Panzera M, Faggio
C. 2013. Haematological and serum protein profiles of Mugil
cephalus: Effect of two different habitats. Ichthyological
Research 60:36—42. DOI:10.1007/s10228-012-0303-1.

Fazio F, Satheeshkumar P, Senthil Kumar D, Faggio C, Piccione
G. 2012c. A comparative study of hematological and blood
chemistry of Indian and Italian grey mullet (Mugil cephalus
Linneaus 1758). HOAJ Biology 5:1-5.

Ferri J, Topic Popovic N, Coz-Rakovac R, Beer-Ljubic B,
Strunjak-Perovic I, Skeljo F, Jadan M, Petric M, BarisIc ],
Simpraga M, Stani¢ R. 2011. The effect of artificial feed on
blood biochemistry profile and liver histology of wild saddled
bream, Oblada melanura (Sparidae). Marine Environmental
Research 71:218-224. DOI:10.1016/j.marenvres.2011.01.006.

Gabriel UU, Ezeri GNO, Opabunmi OO. 2004. Influence of sex,
source, health status and acclimation on the haematology of
Clarias  gariepinus (Burch, 1822). African Journal of
Biotechnology 3:463-467. DOI:10.5897/A]B.

Giannetto A, Fernandes JMO, Nagasawa K, Mauceri A, Maisano
M, De Domenico E, Cappello T, Oliva S, Fasulo S. 2014.
Influence of continuous light treatment on expression of stress
biomarkers in Atlantic cod. Developmental & Comparative
Immunology 44:30-34. DOI:10.1016/j.dci.2013.11.011.

Guerriero G, Di Finizio A, Ciarcia G. 2003. Oxidative defenses in
the sea bass, Dicentrarchus labrax. In: Dunn JF, Swartz HM,
editors. Boston, MA: Springer. Vol. 530. DOI:10.1007/978-1-
4615-0075-9_68.

Hrubec TC, Smith SA, Robertson JL. 2001. Age related in hae-
matology and chemistry values of hybrid striped bass chrysops
Morone saxatilis. Veterinary Clinical Pathology 30:8-15.
DOI:10.1111/.1939-165X.2001.tb00249.x.

Izergina E, Izergin I, Volobuev V. 2007. Influence of water salinity
on the physiological status and distribution of juvenile chum
salmon in the estuary of the Ola River of the northeast coast of
the Okhotsk Sea. North Pacific Anadromous Fish Commission
Technical Report 7:69-71.

LeaMaster BR, Brock JA, Fujioka RS, Nakamura RM. 1990.
Haematologic and blood chemistry values for Sarotherodon mela-
notheron and a red hybrid tilapia in freshwater and seawater.
Comparative Biochemistry and Physiology Part A: Molecular &
Integrative Physiology 97:525-529. DOI:10.1016/0300-9629
(90)90121-8.

Linnaues C. 1758. Tomus I. Systema Naturae. 10th ed. Holmiae:
Laurentii Salvii. Vols. 1-4. pp. 1-824.

Luskovav V. 1997. Annual cycle and normal values of hematolo-
gical parameters in fishes. Acta Sci Nat Brno 31:70.

Magnadottir B. 2006. Innate immunity of fish (overview). Fish
and Shellfish Immunology 20:137-151. DOI:10.1016/j.
£51.2004.09.006.

Maisano M, Cappello T, Oliva S, Natalotto A, Giannetto A,
Parrino V, Battaglia P, Romeo T, Salvo A, Spand N,
Mauceri A. 2016a. PCB and OCP accumulation and evidence
of hepatic alteration in the Atlantic bluefin tuna, Thunnus
thynnus, from the Mediterranean Sea. Marine Environmental
Research 121:40-48. DOI:10.1016/j.marenvres.2016.03.003.

Maisano M, Natalotto A, Cappello T, Giannetto A, Oliva S,
Parrino V, Sanfilippo M, Mauceri A. 2016b. Influences of
environmental variables on neurotransmission, oxidative sys-
tem and hypoxia signaling on two clam species from a
Mediterranean coastal lagoon. Journal of Shellfish Research
35:41-49. DOI:10.2983/035.035.0106.

Maisano M, Trapani MR, Parrino V, Parisi MG, Cappello T,
D’Agata A, Benenati G, Natalotto A, Mauceri A, Cammarata


https://doi.org/10.1016/S1095-6433(00)00184-7
https://doi.org/10.1016/S1095-6433(00)00184-7
https://doi.org/10.1039/C5MT00090D
https://doi.org/10.1016/j.scitotenv.2016.01.008
https://doi.org/10.1016/j.scitotenv.2016.01.008
https://doi.org/10.1016/j.envpol.2016.10.033
https://doi.org/10.3989/scimar.2006.70n3
https://doi.org/10.1007/s11259-005-3684-z
https://doi.org/10.1007/s11259-005-3684-z
https://doi.org/10.1080/11250003.2013.878400
https://doi.org/10.1002/cbf.v31.5
https://doi.org/10.1371/journal.pone.0078123
https://doi.org/10.1080/10236244.2012.677559
https://doi.org/10.1007/s10228-012-0303-1
https://doi.org/10.1016/j.marenvres.2011.01.006
https://doi.org/10.5897/AJB
https://doi.org/10.1016/j.dci.2013.11.011
https://doi.org/10.1007/978-1-4615-0075-9_68
https://doi.org/10.1007/978-1-4615-0075-9_68
https://doi.org/10.1111/j.1939-165X.2001.tb00249.x
https://doi.org/10.1016/0300-9629(90)90121-8
https://doi.org/10.1016/0300-9629(90)90121-8
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/j.marenvres.2016.03.003
https://doi.org/10.2983/035.035.0106

200 V. Parrino et al.

M. 2013. Haemolytic activity and characterization of nemato-
cyst venom from Pelagia noctiluca (Cnidaria, Scyphozoa).
Italian Journal of Zoology 80:168-176. DOI:10.1080/
11250003.2012.758782.

Romano N, Scapigliati G, Abelli L. 2017. Water oxygen content
affects distribution of T and B lymphocytes in lymphoid tissues
of farmed sea bass (Dicentrarchus labrax). Fishes 2:16.
DOI:10.3390/fishes2030016.

Sheikh ZA, Ahmed 1. 2016. Seasonal changes in hematological
parameters of snow trout Schizothorax plagiostomus (Heckel
1838). International Journal of Fauna and Biological Studies
3:33-38.

Specziar A, Biré P, T6Lg L. 1998. Feeding and competition of
five cyprinid fishes in different habitats of the Lake Balaton
littoral zone, Hungary. Italian Journal of Zoology 65:331-336.
DOI:10.1080/11250009809386842.

Srivastava S, Choudhary SK. 2010. Effect of artificial photo-
period on the blood cell indices of the catfish, Clarias
batrachus. Journal of Stress Physiology and Biochemistry
6:22-32.

Svobodova Z, Kroupova H, Modra H, Flajshans M, Randak T,
Savina LV, Gela D. 2008. Haematological profile of common

carp spawners of various breeds. Journal of Applied Ichthyology
24:55-59. DOI:10.1111/j.1439-0426.2007.01019.x.

Takada M, Tachihara K, Kon T, Yamamoto G, Iguchi K, Miya
M, Nishida M. 2010. Biogeography and evolution of the
Carassius auratus-complex in East Asia. BMC Evolutionary
Biology 10:7. DOI:10.1186/1471-2148-10-7.

Whitfield AK, Panfili J, Durand J-D. 2012. A global review of the
cosmopolitan flathead mullet Mugil cephalus Linnaeus 1758
(Teleostei: Mugilidae), with emphasis on the biology, genetics,
ecology and fisheries aspects of this apparent species complex.
Reviews in Fish Biology and Fisheries 22:641-681.

Wilhem DF, Eble GJ, Kassner FX, Dafr¢ AL, Ohira M. 1992,
Comparative hematology in marine fish. Comparative
Biochemistry and Physiology 102:311-321. DOI:10.1016/
0300-9629(92)90141-C.

Witeska M. 2013. Erythrocytes in teleost fishes: A review. Zoology and
Ecology 23:275-281. DOI:10.1080/21658005.2013.846963.

Zhelev Z, Mollova D, Boyadziev P. 2016. Morphological and
hematological parameters of Carassius gibelio (Pisces:
Cyprinidae) in conditions of anthropogenic pollution in south-
ern Bulgaria. Use of hematological parameters as biomarkers.
Trakia Journal of Sciences 1:1-15.


https://doi.org/10.1080/11250003.2012.758782
https://doi.org/10.1080/11250003.2012.758782
https://doi.org/10.3390/fishes2030016
https://doi.org/10.1080/11250009809386842
https://doi.org/10.1111/j.1439-0426.2007.01019.x
https://doi.org/10.1186/1471-2148-10-7
https://doi.org/10.1016/0300-9629(92)90141-C
https://doi.org/10.1016/0300-9629(92)90141-C
https://doi.org/10.1080/21658005.2013.846963

	Abstract
	Introduction
	Material and methods
	Fish collection and acclimation
	Fish blood collection
	Automatic haematological analysis
	Flow cytometric analysis
	Morphological analysis
	Statistical analysis

	Results
	Automatic haematology
	Flow cytometry
	Red blood cell morphology

	Discussion
	Disclosure statement
	Ethical approval
	References



