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Morphological characteristics of blood cells in brook trout triploids induced by hydrostatic
pressure shock applied at different times after fertilisation

Teresa Wlasowa, Henryk Kuzminskib, Agata Kowalskab, Anna Wiśniewskaa, Dorota Fopp-Bayata* and Joanna Korzucha

aDepartment of Ichthyology, Faculty of Environmental Sciences, University of Warmia and Mazury in Olsztyn, ul. M. Oczapowskiego
5, 10-719 Olsztyn, Poland; bInland Fisheries Institute in Olsztyn, Salmonid Research Department, Rutki, 83-330 Zukowo, Poland

This study showed differences in the occurrence of blood cell alteration in triploid brook trout. The triploidisation was
induced by hydrostatic shock pressure at 9500 psi for 5 min at different times after fertilisation (22.5, 27.5, 32.5, 37.5,
42.5, 47, 5, 52.5 and 62.5 min). The pressure shocks at 32.5 and 37.5 min after fertilisation caused the lowest share of
pathologically altered blood cells in triploid fish.
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Introduction

Triploidisation is a widely used method for producing
sterile fish populations. The most effective method of
production of triploid fish is application of pressure
shocks (Pandian and Koteeswaran 1998). However trip-
loid red tilapia was produced both by heat shocks and
cold shocks (Pradeep, Srijaya, Bahuleyan et al. 2012;
Pradeep, Srijaya, Papini et al. 2012). Selection of appro-
priate technical parameters for the experimental treatment
of different fish species is not easy, and requires a lot of
experience and skills to check the final result, for exam-
ple ploidy verification in experimental groups of fish
using cytogenetic or cytometric methods (Benfey et al.
1984; Johnstone and Lincoln 1986). In the red tilapia,
identification of triploid individuals was conducted based
on nuclear volume, cytoplasmic volume and nucleus sur-
face area of erythrocytes (Pradeep et al. 2011). The most
suitable method for ploidy verification in brook trout,
Salvelinus fontinalis, seems to be an erythrocyte dimen-
sions study from blood smears (Woznicki and Kuzminski
2002).

In triploid fish, produced by pressure or thermal
shock, the alterations in erythrocytes, haemoglobin and
red cell indices were observed (Benfey and Sutterlin
1984b; Benfey et al. 1984; Benfey 1999; Strunjak-
Perovic et al. 2003; Wlasow et al. 2004; Dorafshan et al.
2008; Wang et al. 2010; Wlasow and Fopp-Bayat 2011).
Triploidisation also influenced the changes in white
blood cells, immunological defence reactions and stress
response (Svobodová et al. 1998, 2001 Benfey and Biron
2000; Beyea et al. 2005; Maxime 2008; Fraser et al.
2012).

In the peripheral blood of triploid brook trout the
percentage of red blood cells with divided nuclei were
statistically significantly higher compared with the con-
trol group (19.1% versus 0.3%) (Wlasow et al. 2004).

However, in this study the effect of triploidisation caused
by shocks applied at 20 minutes after fertilisation was
shown, but the influence of other technical parameters
was not examined. Therefore the first purpose of the
present study was to investigate the effect of differential
time from fertilisation to pressure shock on the blood
cell alteration in triploid brook trout. The second aim of
the study was to estimate the minimal number of eryth-
rocytes necessary for determination of percentage of red
cells with divided nuclei in peripheral blood of brook
trout triploids.

Material and methods

Fish used for this study were cultured at the Salmonid
Research Department in Rutki (Institute of Inland Fisher-
ies in Olsztyn, Poland). Both diploids (2n) and triploids
(3n) came from the same lot of eggs. Triploid brook
trout Salvelinus fontinalis (Mitchill) were obtained by
using hydrostatic pressure shock of 9500 psi (65.5 × 103
kPa) on eggs at 10°C (Deeley and Benfey 1995). The
pressure shock duration was 5 minutes, but time from
fertilisation to shock varied in the experimental groups,
and ranged from 22.5 min (group 3N-1) to 62.5 min.
(group 3N-8, Table 1).The diploid (control – 2N, 3N)
received no pressure shock. Fish of the experimental
groups were kept in separate tanks supplied with river
water. During the experiment prophylactic chloramine
baths were used twice a week. These baths are carried
out during each rearing of fish at the Salmonid Research
Department in Rutki (Institute of Inland Fisheries in
Olsztyn, Poland) due to the presence of pathogens in the
water supply hatchery and rearing system. Fish were fed
granulate feed BioMar (Denmark). Survival from
hatching to the collection of blood is shown in Table 1.
Two months after hatching blood was collected from the
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caudal vessels to heparinised syringes. Propiscin (0.2%
etomidate, Inland Fisheries Institute in Olsztyn, Poland)
was used as an anaesthetic (0.5 ml l−1 of water for 10
min) in all experimental groups. Fish expected to be trip-
loids (eight experimental groups, Table 1) and diploids
(20 specimens) were used for preparing blood smears.
Smears were fixed in 95% methanol for 3 minutes, left
to air dry and stained with 20% Giemsa solution for 15
minutes. The percentage of erythrocytes with divided
nuclei was determined based on the observation of 300
cells from two slides for fish. For the study of white
blood cells 200 cells were analysed, and the following
forms have been studied: normal lymphocytes, Rieder’s
lymphocytes (cells with divided nuclei), and neutrophil
granulocytes (NGs) with 2, 3, 4 and ≥ 5 segments of
nuclei. The identification was based on the leukocyte
descriptions published by Lehmann and Stürenberg
(1975).

Simultaneously chromosome preparations (10 speci-
mens from each experimental group) and the erythrocyte
nuclei major axis measurements (all fish from each treat-
ment) were done using procedure described by Woznicki
and Kuzminski (2002) in order to confirm fish ploidy.
Differential cell counts were made under a 1000 × mag-
nification.

Statistical analyses were performed on data from
microscopic observations as the actual number of seg-
mented nuclei in analysed preparations. In Tables 2
and 3 data were summarised in the form of percent-
ages. All statistical analyses were evaluated at a signif-
icance level of 0.05. The chi-square test was used to
evaluate the differences in proportion of “abnormal” to
normal erythrocytes and leukocytes in triploid and dip-
loid trout. Statistical differences between the observed
number of red blood cells with segmented nucleus in
the groups of 2N and 3N fish were calculated based
on an alternative non-parametric analysis of variance –
ANOVA Kruskal–Wallis (α = 0.05). In order to inves-
tigate how many nuclei should be counted to show
the dependence of the number of nuclei divided by
ploidy the Friedman ANOVA test was used. Data were
collected from 71 fish, step by step as follows: 50
nuclei were observed and selected as normal and

divided, and then the next 50 nuclei were observed
and also selected as normal and divided (two or more
parts), after that the cyclic analysis of next 50 nuclei
was conducted. A total of 300 nuclei were counted. It
was hypothesised that the results obtained for the
count of 50, 100, 150, 200, 250 and 300 nuclei did
not differ significantly and therefore the study of
ploidy is sufficient to perform only counts of 50
nuclei.

Results and discussion

The diploid specimens of brook trout possessed 84
chromosomes, while triploid fish of this species pos-
sessed 126 chromosomes. The percentage of red blood
cells with the segmented nuclei in triploids of brook
trout was significantly higher than in diploid individuals
(Table 2, Figure 1). Similar observations in brook trout
were published by Wlasow et al. (2004) and in rainbow
trout triploids (Johari et al. 2008). The phenomenon of
division of nuclei in erythrocytes of triploid salmonids
was signalled also by Benfey (1999). According to
Wang et al. (2010) nuclear division in erythrocytes of
triploids of rainbow trout is probably amitosis. The red
blood cells of salmonids with the segmented nuclei are
precursors of a stage before division into two smaller
ones (Lehmann and Stürenberg 1975). This process is
regarded as an indication of the compensation of distur-
bances in the body (for example, a reduced number of
red blood cells are divided into smaller cells, to
increase surface area and gas exchange of oxygen and
carbon dioxide). Typically large triploid erythrocytes
have less surface area to volume ratio than smaller dip-
loid red cells, which means a negative influence of tri-
ploidisation on the transport of oxygen. There was an
opinion that triploids may be more adapted for reduced
oxygen content in the water than diploid fish (Benfey
and Sutterlin 1984a). However, pathological changes
observed in the blood indicate a possible reduction in
the efficiency of production in triploid fish farming in
unsuitable environmental conditions (Bernier et al.
2004).

Table 1. Characteristics of diploid (2n) and triploid (3n) brook trout (Salvelinus fontinalis) used for blood cells analysis.

Experimental group
symbol 2N 3N-1 3N-2 3N-3 3N-4 3N-5 3N-6 3N-7 3N-8

Time of hydrostatic
pressure after
fertilisation (min)

No shock 22.5 27.5 32.5 37.5 42.5 47.5 52.5 62.5

Survival to hatching (%) 49.0 16.6 24.4 43.7 28.2 33.6 30.0 18.3 16.3
Survival from hatching

to 2 months (%)
55.0 28.7 38.2 52.8 64.0 49.7 53.8 19.2 18.2

Number of studied fish 20 14 19 20 20 17 19 19 12
Total length of body (cm) 13.3–18.3 13.7–18.7 13.3–18.5 11.5–16.4 10.8–16.5 13.6–17.5 10.3–18.4 11.0–17.9 13.5–19.6
Body weight (g) 31.1–67.1 47.2–50.7 27.0–60.5 20.2–46.4 19.1–52.5 26.9–60.1 11.5–72.8 13.4–80.1 20.0–80.0
Triploids in groups (%) 0 100 100 100 100 100 100 79 75
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The study of indication the minimal number of eryth-
rocytes nuclei that can determine percentage of red blood
cells with divided nuclei of brook trout was conducted.
The hypothesis that results of 50, 100, 150, 200, 250
and 300 calculations of nuclei do not differ from each
other statistically was tested using the ANOVA Friedman
test and the null hypothesis was not rejected due to no
differences in the number of divided nuclei in 2N (n =
28, df = 5, F = 7.7444, p < 0.1709) and 3N (n = 44,
df = 5, F = 3.2844, p < 0.6562). Therefore these results
suggest that the calculation of 50 nuclei is sufficient to
estimate the percentage of nuclei divided in one fish.

Pathological forms of lymphocytes were observed
more frequently in the blood of triploid fish than in dip-
loid (Table 2). The profile of white blood cells was dom-
inated by neutrophil granulocytes with the increased
number of segments of nucleus (Table 3). A similar char-
acteristic of granulocytes occurred in triploids of brook
trout (Wlasow et al. 2004) and Siberian sturgeon
(Wlasow and Fopp-Bayat 2011). The phenomenon of hy-
persegmentation on nuclei in neutrophil granulocytes of
triploid fish may be related to the segmentation of the
predominance of ageing cells. Extending such a phenom-
enon may weaken the immune response, which is related
to granulocytes as microphages.

In the present study the most advantageous variants
of the experiment (with a minimum participation of path-
ological changes in red and white blood cells) were the
groups that had been induced by shock pressure at 32.5
and 37.5 minutes post fertilisation.

Table 2. Occurrence of pathological forms of erythrocytes and lymphocytes in peripheral blood of diploid (2n) and triploid (3n)
brook trout (Salvelinus fontinalis).

Experimental group symbol 2N 3N-1 3N-2 3N-3 3N-4 3N-5 3N-6 3N-7 3N-8

Erythrocytes with divided nuclei (%) 0.03 12.59 11.35 7.01 6.16 8.34 9.72 12.08 11.53
The value of chi–square* 2.598 2.340 1.394 1.211 1.670 1.978 2.505 2.337
Rieder’s lymphocytes (%) 2.2 11.9 17.6 6.2 7.8 9.5 12.0 8.4 6.5
The value of chi-square* 1.313 2.608 0.379 0.645 0.920 1.425 0.748 0.368

*Critical value = 3.841.

Figure 1. (Color online) Blood of brook trout Salvelinus fonti-
nalis: (A) diploid fish: erythrocytes and lymphocytes (two); (B)
triploid fish: erythrocytes with divided nuclei (1, two parts; 2,
three parts).

Table 3. Comparisons of the percentage of white blood cells forms in diploid (2n) and triploid (3n) brook trout (Salvelinus
fontinalis).

Experimental group symbol 2N 3N-1 3N-2 3N-3 3N-4 3N-5 3N-6 3N-7 3N-8

Lymphocytes – normal cells 94.82 86.74 82.01 91.13 88.53 88.18 86.52 90.11 88.82
NG* with two segments of nuclei 0.19 0 0.06 0 0.03 0.11 0 0 0
NG with three segments of nuclei 1.26 0.14 0.24 0.29 0.31 0.17 0.18 0.15 0.17
NG with four segments of nuclei 1.20 0.04 0.57 0.81 0.40 0.31 0.07 0.22 0.41
NG with ≥ 5 segments of nuclei 0.27 1.37 3.87 1.79 3.24 1.95 1.43 1.22 4.42

Note: Abbreviation: NG, neutrophil granulocytes.
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