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Abstract

The rapid coagulation of fish blood makes the use of anticoagulants in hematological anal-
ysis necessary and means that choosing the most appropriate product is important. The
aim of the present study was to evaluate the effect of two different anticoagulants (heparin
sodium and K,EDTA), storage time, and temperature on the hematological values of Ara-
paima gigas juveniles. Twelve juveniles (905.79 + 111.2 g and 49 + 1.74 cm) kept in cap-
tivity were used for the tests. Blood was collected from the caudal vein and divided for the
analysis of the effects of K,EDTA 10% and heparin sodium 5000 IU, storage time (0, 5, 10,
and 24 h), and temperature (4 and 28 °C). The hematocrit, erythrocyte count, hemoglobin,
mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC),
mean corpuscular hemoglobin (MCH), and differential leukocyte count were evaluated.
The results revealed significant differences in the hematocrit, lymphocytes, and neutro-
phils when the anticoagulants were compared at 0 h of storage. In the hematocrit, hepa-
rin sodium produced variations, while K,EDTA maintained the values constant at 5 h, the
erythrocyte count constant for up to 24 h, with the exception of at 4 °C, while hemoglobin
produced variations in all the groups at 5 h. The blood indices MCV, MCHC, and MCH
were best preserved, without variations, using K,EDTA at 28 °C for up to 5 h. In conclu-
sion, K,EDTA 10% at 28 °C maintained constant hematological values of Arapaima gigas
for 5 h, with the exception of hemoglobin, which should be analyzed as soon as possible.
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Introduction

The evaluation of hematological values is a useful method for knowledge the
physiological state and health of fish which face different conditions during culture
(Blaxhall 1972; Tavares-Dias and De Moraes 2004; Ekanem et al. 2012; Ranzani-Paiva
et al. 2013; Sanchez et al. 2017). It is essential to establish the reference hematological
parameters for each species to determine changes caused by external and internal factors
(Knowles et al. 2006; Tavares-Dias and Sandrim 1998). The use of anticoagulants is
important in hematological analyses, as fish blood coagulates rapidly, so it is necessary
to determine the most appropriate anticoagulant to avoid alterations in the values of
hematological parameters (Korcock et al. 1988; Faggio et al. 2014; Ciepliniski et al.
2019). Hematological parameters in aquaculture are indicators of fish health status
that can identify alterations caused by stress, diseases, and culture conditions affecting
production (Yousefi et al. 2012; S4nchez et al. 2017; Fazio 2019).

Anticoagulants, through their chemical nature, act at different stages of the coagula-
tion cascade (Harr et al. 2005), preserving blood fluidity and making the blood count
feasible (Ranzani-Paiva et al. 2013). However, it appears that anticoagulants can cause
additional changes in the blood, according to their composition (Oliveira et al. 2015).
When the concentrations used are not ideal, they can cause hemolysis, coagulation, an
increase in the number of erythrocytes, and changes in the morphology of blood cells
(Hattingh 1975; Mafuvadze and Erlwanger 2007). The anticoagulants ethylenediamine-
tetraacetic acid (EDTA) and heparin sodium, at different concentrations, have been used
most frequently in routine hematological analyses of cultured fish (Fazio 2019). Accord-
ing to literature, disadvantages have been reported for both anticoagulants in some fish
species; heparin interferes with the staining of leukocytes when subjected to Romanow-
sky-based staining methods (Ranzani-Paiva et al. 2013), and EDTA has been reported to
cause changes erythrocyte morphology (Walencik and Witeska 2007).

Arapaima gigas is considered the most emblematic fish of the Amazon basin, due to
its high growth potential (10 kg/year) in captivity (Imbiriba 2001; Nufiez 2009), rapid
acceptance of balanced diets in its early stages, and high density growth (Cavero et al.
2003; Oliveira et al. 2012; Gonzales et al. 2016; Fernandez-Méndez et al. 2017). Due to
the increased cultivation of this species, there is now greater interest in the use of hema-
tological values to assess the health of fish under different culture conditions (Andrade
et al. 2007; Sanchez et al. 2017; Luz et al. 2019). In different studies involving A. gigas,
the most used anticoagulants were EDTA 10% and heparin 5000 IU (Andrade-Porto
et al. 2017; Dias et al. 2019), with lower doses of heparin 100 IU causing alteration of
parameters, and EDTA 3% resulting in hemolysis from the beginning of preservation
(Dantas et al. 2012). The objective of the present study was to determine the effects of
the anticoagulants heparin sodium 5000 IU and K,EDTA 10%, time, and storage tem-
perature on the hematological values of cultured juvenile A. gigas.
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Materials and methods
Fish farming conditions

Juvenile A. gigas were cultured in 1000 L concrete tanks with water recirculation and
mechanical filtration. The fish were fed a commercial extruded diet (Aquatech, Naltech,
Lima, Peru: 42% protein, 10% lipids, 12% ash; 1.5% calcium; 1% phosphorus and 4
mm pellets), three times a day until apparent satiety and were maintained at a density
of one fish per 100 L. Measurements of temperature (28.9 + 0.6 °C), dissolved oxygen
(5.7 = 1.5 mg LY, using an oximeter (YSI Model 55, USA), and pH (6.8 + 0.5), using
a pH meter (Oakton pH 110 Series, USA), were taken twice a day (08:00 and 16:00 h).
Ammonium (3.0 + 0.2 mg L") and nitrite (0.03 = 0.01 mg L") were evaluated once a
week using a colorimetric photometer (HI 83203, USA).

Blood parameters

A total of 12 fish with an average weight of 905.79 + 111.2 g and a total length of 49 +
1.74 cm were used for the experiment. The fish were extracted using wet towels for immo-
bilization and eye bandages, while their bodies were constantly hydrated with water. A
2.5 mL blood sample was drawn from the caudal vein for each fish using 3-ml dispos-
able syringes. Each sample was then divided into two parts: one part to be treated with
K,EDTA 10% anticoagulant (50 pL mL"! blood), and the other part to be treated with hep-
arin sodium 5000 IU (50 pL mL™' blood). Each subsample was then divided into three
groups, each containing 0.4 ml of blood. The first of these groups was used in the evalua-
tion of the effect of the anticoagulant (K,EDTA and sodium heparin) on the hematological
parameters at O h, at room temperature (28 °C). The other two groups were used to evaluate
each storage temperature (4 and 28 °C), with four treatments obtained (Hep 28 °C, Hep 4
°C, EDTA 28 °C, and EDTA 4 °C), which were then subjected to the respective storage
temperatures, with the 4 °C samples kept refrigerated and the 28 °C samples kept in a room
with constant temperature. The hematological parameters of each treatment were analyzed
at 5, 10, and 24 h and were compared with the initial results at 0 h for each anticoagulant
from the first group, to evaluate variations. In all analyses, the 12 samples were evaluated
for each treatment and storage time. No anesthetics were used, to prevent possible interfer-
ence in the results (Korcock et al. 1988; Tavares-Dias and Sandrim 1998).

The sample hematocrit (%) was determined using the micro hematocrit method
(Goldenfarb et al. 1971). Sample hemoglobin concentration (g dL™') was measured using
the cyanmethemoglobin method (Biolabtest Laboratories, Lima, Peru) at 540 nm with a
UV visible spectrophotometer (Cary 60, USA). Erythrocyte counts (10° cells pL™') were
performed using Natt-Herrick solution (Natt and Herrick 1952) and a Neubauer chamber.
Mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC),
and mean corpuscular hemoglobin (MCH) were determined using the Wintrobe (1934)
method. To perform differential leukocyte counts, individual blood smears from each
fish were prepared, and anticoagulant samples were taken on glass slides. The smear was
allowed to air dry for 24 h before staining. The staining procedure consisted of the use of
Wright solution for 10 min (Hawkey and Dennett 1989), followed by rinsing with water.
Once dried, the stained slides were examined under a compound light microscope (Leica
DM750, Germany) at 1000 X magnification. Leukocytes were counted using a zig zag
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approach, from head to tail on the slide (Ranzani-Paiva et al. 2013), with the identification
of a minimum of 200 cells per slide for differential leukocyte counting (lymphocytes,
monocytes, neutrophils, and eosinophils). The results were expressed as a percentage of
each leukocyte identified.

Analysis of data

The results of the anticoagulants at O h were evaluated by the Student’s t-test. One-way
analysis of variance (ANOVA), followed by Dunnett’s test (p < 0.05), was used to deter-
mine differences in storage time and temperature from the baseline (0 h) for each com-
bination of temperature and anticoagulant. All analyses were performed after testing for
normality (Shapiro-Wilk test) and homoscedasticity (Bartlett’s test), and the Sigma Plot 11
statistical software package was used.

Results

The results showed that the use of heparin sodium 5000 IU and K,EDTA 10% as anti-
coagulants for the blood of Arapaima gigas effectively prevented blood clotting at both
temperatures for 24 h of storage. The hematological parameter values preserved with hep-
arin sodium 5000 IU and K,EDTA 10% at O h at room temperature (28 °C) are shown
in Table 1. The percentage of hematocrit had an increase (p < 0.05) in the samples with
K2EDTA 10%, and in the differential leukocyte count, there was an increase of lympho-
cytes and reduction of neutrophils with heparin 5000 IU. Erythrocytes, hemoglobin, MCV,
MCHC, MCH, monocytes, and eosinophils showed no differences (p > 0.05) by type of
anticoagulant.

The results of anticoagulant storage time and temperature on hematological param-
eters are shown in Fig. 1. The hematocrit percentage (Fig. 1a) when heparin sodium
was used showed changes (p < 0.05) at all preservation times compared to 0 h. How-
ever, with K,EDTA, there were increased values (p < 0.05) at 10 h at both tempera-
tures (4 and 28 °C) of preservation. In the erythrocyte count (Fig. 1b), only variations
of the values (p < 0.05) were observed with K,EDTA at 4 °C, which decreased at 10
and 24 h. Hemoglobin values (Fig. 1c) with both anticoagulants (heparin sodium and

Table 1 Effect of heparin sodium

5000 U and K,EDTA 10% at 0 Parameters Heparin 5000 IU K,EDTA 10%

hand 28 °C on hematological oy ocri () 31.44 £ 0.78* 3321 + 1.40%

parameters of juvenile Arapaima

gigas (n = 12) Erythrocytes (10° pL") 1.27 +0.43 1.38 +0.41
Hemoglobin (g dL™") 10.11 + 0.94 10.36 + 0.42
MCYV (fL) 282.13 +123.10 277.95 + 147.8
MCHC (g dL™") 32,18 +£3.21 31.23 +1.03
MCH (pg) 90.11 + 39.30 87.37 £49.22
Lymphocytes (%) 95.83 +4.92% 86.5 + 8.14*
Monocytes (%) 20+2.28 3.33+£3.68
Eosinophils (%) 1.33+1.63 25+274
Neutrophils (%) 0.83 + 1.32% 7.67 +2.58%

Asterisks (*) in the same row indicates a significant difference
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Fig. 1 Effect of storage time (0, 5, 10, 24 h), anticoagulant (heparin sodium 5000 IU and K,EDTA 10%),
and storage temperature (4 and 28 °C) on hematological parameters of juvenile Arapaima gigas. Asterisks
(*) indicate significant differences (p < 0.05) between hours of storage and 0 h for each treatment (n = 12)

K,EDTA) at the temperature of 4 °C showed reduction (p < 0.05) at all storage times,
whereas at 28 °C, temperature with heparin sodium and K,EDTA decreased (p < 0.05)
at 5 and 24 h of storage. MCV (Fig. 1d) with the use of heparin sodium remained
unchanged (p > 0.05) during the storage time at the two temperatures, however, with
K,EDTA increased the value (p < 0.05) at 5 h at 28 °C and at 10 and 24 h at 4°C.
MCHC (Fig. le) with heparin sodium decreased (p < 0.05) at the temperature of 28
°C at 5 and 24 h, as well as at 4 °C at 10 and 24 h. However, with K,EDTA, MCHC
at the temperature of 28 °C decreased (p < 0.05) at 24 h and at 4 °C decreased (p <
0.05) for all storage times. MCH (Fig. 1f) with heparin sodium decreased (p < 0.05) at
the 28 °C temperature at 5 and 24 h, while at 4 °C decreased (p < 0.05) at 10 h. With
K,EDTA, the MCH decreased (p < 0.05) at 28 °C, only at 24 h, and at 4 °C there was
no alteration of the values (p > 0.05) at any of the storage times.
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Discussion

The use of anticoagulants during hematological analyses in fish has been shown to have
different effects on the blood cells of teleosts (Tavares-Dias and De Moraes 2004). How-
ever, it is important to determine the most appropriate anticoagulant for each species to
establish reference values (Tavares-Dias and Sandrim 1998; Witeska et al. 2017). In the
present study, the use of the anticoagulants succeeded in preventing coagulation in the
blood of juvenile A. gigas for up to 24 h. Other studies in species such as Mugil cephalus
also prevented the coagulation up to 24 h (Faggio et al. 2014), in Colossoma macropomum
for more than 10 h (Padua et al. 2012) and in A. gigas only EDTA 10% compared to lower
concentrations and heparin sodium was effective for more than 10 h (Dantas et al. 2012).
However, although the blood remained uncoagulated, they presented alterations in hemato-
logical values due to hemolysis.

The increase in hematocrit percentage with EDTA was associated with the anticoagulant
effect to trap Ca®* ions to prevent the coagulation (Harr et al. 2005), which produces
decalcification of the cell membrane and alteration of the osmotic gradient that increased
the cell volume (Smit et al. 1977; Kaestner 2013; Bogdanova et al. 2013). Similar results
were found in teleosts such as Cyprinus carpio L., Oncorhynchus mykiss, and Piaractus
mesopotamicus (Witeska and Wargocka 2011; Magbool et al. 2013; Farias et al. 2016). In
Arapaima gigas, the increase was also reported although this was non-significant (Dantas
et al. 2012). The increase in the percentage of lymphocytes and the reduction of neutrophils
with heparin compared to EDTA could be related to the differentiation of leukocytes
in the count (Campbell 2004); high concentrations of heparin can cause interference in
Romanowsky-based staining methods, by impeding the entry of the colorant into the cells
(Ranzani-Paiva et al. 2013) making leukocyte counting difficult. These alternations have
also been evidenced in other studies with Cyprinus carpio L. and Clarias gariepinus
(Witeska et al. 2017; Adeyemo et al. 2009). Some authors have highlighted the superior
quality of blood smears with EDTA in comparison with those performed with heparin
(Campbell 2015; Bain et al. 2006).

The results in the time and temperature of preservation in hematocrit showed that
K,EDTA maintained stable values for a longer time versus sodium heparin. The increase
in values (EDTA, 10 h) is associated with increased erythrocyte volume and reductions to
hemolysis of cells over time (Walencik and Witeska 2007). Similar results were obtained
in Clarias gariepinus and Cyprinus carpio however at lower concentrations of both anti-
coagulants the hematocrit remained constant longer (Hattingh 1975). In contrast, Mugil
cephalus and C. carpio showed no variation in hematocrit results with the use of both anti-
coagulants for 24 h (Faggio et al. 2014; Witeska et al. 2017). In the present study, eryth-
rocyte counts reported stable preservation for 24 h, except for EDTA at 4 °C, which had a
reductive effect and in related to the increase of MCV at the same temperature at 10 and 24
h. This behavior was also reported for Piaractus mesopotamicus with EDTA 10% (Farias
et al. 2016) and was associated with an increase in erythrocyte volume (MCV) until hemol-
ysis, which caused a reduction in the number of erythrocytes (Kaestner 2013; Bogdanova
et al. 2013), which was intensified at a refrigerated temperature (4 °C). In some treat-
ments where changes were associated with hemolysis, there were no significant changes
in erythrocytes up to 24 h, as reported in M. cephalus with EDTA and heparin (Faggio
et al. 2014), while in C. carpio, changes were reported with heparin at 2 h of preservation
(Witeska et al. 2017). Hemoglobin proved to be a highly variable parameter during blood
preservation in A. gigas; the decrease which occurred in less than 5 h would be related to
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the degeneration of erythrocytes during the storage period (Padua et al. 2012). In refriger-
ated samples (4 °C), the changes were slow; however, at 28 °C, they caused rapid changes
and interference in the cyanmethemoglobin method due to the release of substances dur-
ing hemolysis (Mirghaed et al. 2017) and a decrease hours later by degradation (24 h). In
other species such as C. carpio (heparin) and M. cephalus (EDTA and heparin), the values
remained constant for 24 h (Faggio et al. 2014; Witeska et al. 2017). In the blood indices,
MCYV showed a similar behavior with the erythrocyte count, while MCHC and MCH were
highly variable as an effect of the influence of hemoglobin on the values. This relation-
ship of variables was confirmed with M. cephalus, where MCV, MCHC, and MCH values
showed no changes with EDTA and heparin, because there were also no changes in the
hematocrit, erythrocyte, and hemoglobin (Faggio et al. 2014). When evaluating the blood
indices as a whole, only with EDTA 10% at 28 °C, the values remained constant up to 5 h.
Different studies on anticoagulants in teleosts have shown that each species reacts differ-
ently to the dose, concentration, and chemical nature of the anticoagulant (Ranzani-Paiva
et al. 2013).

The results of this study showed that blood samples from juvenile A. gigas with antico-
agulant K,EDTA 10% preserved at room temperature (28 °C) maintained constant hema-
tocrit, erythrocyte, MCV, MCHC, and MCH values for 5 h and also showed less interfer-
ence in differential leukocyte count. Furthermore, hemoglobin is a parameter that should
be determined for both anticoagulants before 5 h to avoid alterations in the results.
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