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Observation of Leukocytes and First Report of Basophils in 
Young Sturgeon Beluga (Huso huso) from Intensive Culture

Armin Kousha

Norwegian College of Fishery Science, The Arctic University of Norway 

Abstract: Presence of any kind of stressors has an important role especially in sturgeon aquaculture and
monitoring of stressors is very important to avoid of any diseases in fish. One of the important tools for
assessing the health status in sturgeon species is haematological investigation with study on leukocytes as
part of cellular immunity system. At the present study, blood of one hundred reared beluga (Huso huso) from
intensive culture was evaluated by light and transmission electron microscopy (LM and TEM). Results showed
more numerous numbers of nucleuses in comparison with myelocyte and metamyelocyte in nutrophilic and
eosinophilic granulocyte. The most percentage of basophile has been reported in the blood.
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INTRODUCTION During  the last decade beluga has been suggested

Investigations of blood indices have been suggested aquaculture and restocking [18, 19]. As a natural
to be  a  valuable tool in assessing the health condition consequence, it is therefore important to provide
of aquatic organisms in intensive aquaculture [1, 2]. reference  values  for  an  assessment  of physiological
Leukocyte counts have been suggested to be one of the and health status of this species in both natural and
most important indices in diagnosis of different types of rearing conditions in order to obtain improved
diseases [2-4] and eosinophil granulocyte involve with management.
parasites infection [5]. In fish, mechanism of leukocyte in
accordance with control and physiological response of MATERIALS AND METHODS
each cell is similar to mammals [6, 7]. Several studies have
suggested  that total leukocytes and differential leukocyte Origin and maintenance of fish: One hundred of one
counts are important guidelines in fish physiology [8-13]. year’s old reared beluga (Huso huso) collected from

Some information on leukocytes in sturgeons are International   Sturgeon   Research   Institute,   Iran.
available in  different  studies;  these  studies have been Fishes were randomly distributed into  10  fiberglass
focused on   characterization   of   white   blood   cells   of tanks, 1.5 m height and 8 m in diameter. The 1000-L tanks
sturgeon hybrid (Acipenser  guldenstadti  ×   Huso were supplied  with fresh water (temperature 15 °C, 7.3
huso) [14], Acipenser baeri and Acipenser stellatus [15], pH, dissolved oxygen  7  ppm  and  water  flow  0.1  L•s ).
beluga (Huso huso) and Persian sturgeon (Acipenser The  individual  fish weight (mean ± SEM) ranged from
persicus) [10]. The numbers of leukocytes and structure 475 ± 2.9 g while individual total length (mean ± SEM)
in sturgeon specimens have an important role to health ranged from 490.13± 0.22 mm. The fish were fed
assessing or health bio-indicator to monitoring stressors commercial dry pellets (protein; 45 %, fat; 14 %,
and disease in sturgeon aquaculture. carbohydrate; 10 %, Chine Co, Iran). 

Beluga is an anadromous species [16, 17] and stocks Fishes were fasted for 24 hours to avoid of
of this valuable species have been reduced during the last environmental stress prior to experiments; the experiments
decades  due  to  over  fishing  and  habitat  deterioration were carried out in triplicate conducted 4 times (October
[10, 18]. to April) from five fish of each treatment group.

as one of the most important sturgeon species for
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Differential white blood cell counts: To avoid of bleeding RESULTS
stress fish sampled for blood analysis were anesthetized
using tricaine methanesulfonate (MS-222), 70 ppm for The results showed that the highest level of
3min. Blood samples of each treatment were taken from leukocyte indices belonged to lymphocyte (57.89 %) also
the caudal artery using commercially produced the level of leukocyte of neutrophils, eosinophils and
heparinised needles [20] and blood smear were prepared basophiles have shown in Table 1 respectively.
according to previous study of Stoskopf [21] and stained Basophiles was reported for the first time in the present
with 5 % Giemsa (Merck, Germany). The stained blood study (Figure 1). 
films were examined by a light microscope (Nikon E600, Table 2 displayed neutrophils and eosinophils at
Japan) in present of immersion oil (100×). Three hundred different  stage  of  maturation and showed that the
cells were counted from each slide in a parallel row. highest level of neutrophils in band and eosinophil in

Transmission electron microscopy: To determine in segment are nucleus with two lobes, but also nucleus
morphological  differences  of  the   various   treatments, with three, four and five lobes were noticed (Figure 1 and
10   images   randomly   were   sampled   from    five   fish Table 2). 
of  each  treatment  group  for  LM   and   TEM The highest area (µm ) of leukocytes belonged to
evaluations  according  to  method  of  Kousha   et al. basophil approximately 179 µm  followed by eosinophil,
[20].  Ultrathin  sections  were  examined  Leisis  E.M. neutrophil, monocyte and lymphocyte, respectively
9000. Photoshop software was used for determining the (Table 3).
ratio of nucleus/cytoplasm and mitochondria and The maximum area of mitochondria and ratio of
leukocyte area in blood indices according to Bozzola and nucleus/cytoplasm were belonged to monocyte and
Russell [22]. lymphocyte respectively (Table 4).

segment. The highest level of neutrophil and eosinophil

2

2

Table 1: Fluctuation percentage of leukocyte in one year’s old beluga.

Basophil (%) Eosinophil (%) Nutrophil (%) Monocyte (%) Lymphocyte (%)

0.005 ± 0.01 9.92 ± 1.83 32.18 ± 1.31 0.57 ± 0.32 57.89 ± 1.10

Data are represented as mean values ±SEM (n=15 in each stage of 4 levels of sampling)

Table 2: Fluctuation percentage of neutrophil and eosiniphil in different stages of maturation in one year’s old beluga.

Segment (%)

Nucleus division (No. of lobes)

-------------------------------------------------------------------------------------------

2 3 4 5 Total Band(%) Metamyelocyte(%) Myelocyte(%)

Neutrophil 4.53 1.65 0.02 0.01 7.21±0.7 11.55±0.8 6.81±0.65 5.56 ±0.51

Eosinophil 8.81 0.20 0.10 0.02 9.13±0.9 2.39±0.37 0.37±0.09 0.95±0.279

Data are represented as mean values ±SEM (n=15 in each stage of 4 levels of sampling)

Table 3: Leukocyte in one year's old beluga.

Basophil (µm²) Eosinophil (µm²) Nutrophil(µm²) Monocyte (µm²) Lymphocyte (µm²)

178.90 ± 19.31 148.90 ± 19.31 103.70 ± 14.21 67.58 ± 3.40 56.43 ± 2.31

Data are represented as mean values ±SEM (n=15 in each stage of 4 levels of sampling)

Table 4: Area of mitochondria and ratio of nucleus/cytoplasm in one year’s old beluga

Blood indices Basophil Eosinophil Nutrophil Monocyte Lymphocyte

Mitochondria area(µm²) 1.21±0.24 1.24±0.28 1.20±0.43 1.76±0.54 1.20±0.11

Ratio of nucleus/cytoplasm 0.14±0.04 0.16±0.05 0.21±0.04 0.61±0.03 0.74±0.04

Data are represented as mean values ±SEM (n=15 in each stage of 4 levels of sampling)
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Fig. 1: Light microscopy [LM] (A, B, C) and transmission electron microscopy [TEM] (D) micrographs of one year’s old
reared beluga: A: neutrophil (×100); B: Esinophil (×100); C: Basophil (×100); D: Basophil (TEM ×7000 µm) 

DISCUSSION Most   area   of   mitochondria   occupied   by  monocyte

Stoskopf [21] showed the similarity of human’s nucleus/cytoplasm    were     belonged     to    monocyte
cellular immunity system with fishes. Previous studies and   lymphocyte,   respectively.   Pitol   et   al.  [5]
illustrated few researches on sturgeon blood [10, 15] and showed six  types  of  leukocytes;  basophiles,
this clearly demonstrates that the more studies in this eosinophils,   lymphocytes,    monocytes,    neutrophils
topic merits further investigations. and   thrombocytes    in    turtle   (Phrynops   hilarii)

In the present study maximum level of lymphocyte blood [5] but Zexia et al. [1] identified 4 types of
was 57.89 %, these values are in accordance to that leuckocyte   in   Chinese   sturgeon   (Acipenser  sinensis)
reported  in  previous studies demonstrating between the   results   of   that   studies   showed  the
54.5-67 % in one, two and six years old reared beluga and differentiation of number of leuckocytes in different
Persian sturgeon (Acipenser persicus) [10] and 68-73 % in species [1]. 
6-7 months reared beluga, Acipenser stellatus and Leukocytes are the main part of cellular immunity
Acipenser baerii [15]. system in all fishes and its fluctuation are the main

According to the Table 1, the percentages of indicators  that  can   influence   on   fish   health   [13].
neutrophils, eosinophils and monocytes were lower than The amount of leukocytes in different environmental
lymphocyte in the present study. Previous studies conditions especially in different range of stress needs
demonstrated same results on sturgeon [10, 15] and other further investigations. 
fish species [7, 21]. Basophiles are very rare in blood of bony fishes and

According to author’s knowledge, no information is just reported in few species [23] at the present study
available on the topic of leukocyte and ratio of Basophiles was reported for the first time and merit further
nucleus/cytoplasm in sturgeons. Neutrophil; esinophil investigations.
and basophil of one year old reared beluga showed in
Figure 1 in light and transmission electron microscopy ACKNOWLEDGMENT
micrographs.

Present study reported the most percentage of The  author  would  like  to  thanks  Mrs. Askarian,
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and  lymphocyte   and   most   amount of
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