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A BSTR A CT.Some cellular and humoral non-specific immune response mechanisms were studied
in third generation bester (F,). During three years of tank-rearing in water recirculation system, activ-
ity of leucocytes and number of eosinophils in bester correlated with fish body mass. Tank-reared
bester had lower eosinophil counts, lower phagocytic activity of microphages, and lower lysozyme
activity and index compared to cage-reared fish. On the contrary, NBT reduction ability, Cp activity,
and y-globulin fraction level were higher. Total leucocyte and lymphocyte counts in circulating blood,
% of NBT-positive cells, and NBT index did not differ between fish groups.
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INTRODUCTION

Interspecific hybrid of beluga (H. huso L.) and sterlet (A. ruthenus L.) was
obtained for the first time in 1952 (Nikolyukin, Timofeeva 1953). It was followed by
production of other hybrid sturgeons, and by undertaking studies on these fish
(Milshtejn, Popova 1969, Kozlov 1969, Krylova 1980, 1987, Burtsev et al. 1985,
Shevchenko 1991, Kuzina, Zhelabovskaya 1991, Krylova, Gershanovich 1991,
Kolman, Szczepkowski 1995). Bester showed high growth rate (after beluga), and
early reproductive maturity typical for sterlet (Burtsev 1969). The hybrid was
improved obtaining subsequent hybrid generations F, and F;, and using reciprocal
cross-breeding to produce SBS (sterlet x bester), and BBS (beluga x bester) (Burtsev et
al. 1987, Arefyev 1991). Due to considerable variability revealed in course of biotech-
nological and genetic studies, F, generation was unsuitable for rearing (Arefyev
1989, Krylova, Gershanovich 1992). In F; generation, on the other hand, basic fea-
tures stabilised at a level observed in parental species (Arefyev 1989). Thus, bester F3
may be considered a new race: a domestic sturgeon well adapted to intensive rearing
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conditions (Kolman, Szczepkowski 1995). In the present paper, preliminary results
on some cellular and humoral non-specific immune response mechanisms in this
hybrid are discussed.

MATERIAL AND METHODS

Bester juveniles reared in a water recirculation system were divided into 4
groups: three groups aged 0+, and one aged 2+, of average body mass 15, 37, 324,
and 3840 g, respectively. One 1+ group of average body mass 278 g was reared in
cages located in a channel carrying discharge waters from a power plant. The fish
were in good condition and healthy.

Water quality in the recirculation system was maitained at optimum level for
sturgeons: ammonia concentration below 0.02 mg/], nitrite — 0.15 mg/1, and dis-
solved oxygen level in the outflowing water did not drop below 60% saturation.

- Water temperature in the tanks was 20+3°C.

Water quality in the discharge was of the II class, well oxygenated, with temper-
atures changing according to seasonal and daily patterns, ranging in the experimen-
tal season from 23 to 27°C.

Fry was given trout pellets ,Kristall” made by Aller Molle, and the fish over
100 g of body mass were given FM-48/14 by Kraft. The feed was supplied using
automatic feeders. Feeding rate changed with the average individual body mass,
according to the feeding curves for sturgeons (Kolman R. 1996, 1997).

Before blood sampling, the fish were anesthetized using Propiscin. Blood was col-
lected from alive fish using a heparinized needle. Blood plasma was obtained by cen-
trifugation and stored at —20°C. The following parameters were eveluated: total
leucocyte counts, leucogram, metabolic and phagocytic activity of blood leucocytes,
lysozyme (LZM) and ceruloplasmin (Cp) activity, total plasma protein and y-globu-
lin fraction level. Metabolic activity of polimorphonuclear cells (PMN) was evaluat-
ed using nitrotetrazolium blue (NBT) reduction test with the spectrophotometric
method (Studnicka et al. 1985). 0.2% NBT solution (Sigma) was used. Percentage of
NBT-positive PMN cells was measured according to the cytochemical method
(Szczylik et al. 1979). Samples were fixed with alcohol, and the cells were stained
with safranin (Van Oss et al. 1973). Phagocytic activity of leucocytes was determined
using the method described by Avtalion, Shahrabani (1975) and O’Neill (1985), and
expressed as phagocytic index (IF). Staphylococcus aureus 209 P suspension was used.
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Plasma lysozyme activity (LZM) was evaluated with the turbidimetric method
(Studnicka et al. 1986). Micrococcus lysodeikticus (Sigma) suspension in phosphate
buffer was used. Extinction was measured with a spectrophotometer Eskalal — Smith
Kline Instruments, USA. Lysozyme of chicken egg (Sigma) was used as the standard.
LZM index was calculated according to Siwicki and Studnicka (1987). Ceruloplasmin
activity (Cp), total plasma protein, and g-globulin fraction level were measured with
the micromethods described by Siwicki and Anderson (1993b). Significance of the
differences was tested using t-Student’s test.

RESULTS

Bester reared in water recirculation system showed very high growth rate: fish
body mass increased 262 fold during the experiment (Tab. I). Cage-reared fish grew
much slower, and at the age 1+ reached only 278 g - less than one year younger (0+)
tank-reared bester (Tab. I). The oldest fish of average body mass 3840 g (age 2+) were
12 months older than cage-reared ones.

In most groups of fish, total leucocyte count was of the same magnitude (about
50 thousand /mm3), with lymphocytes predominating (Tab. I). However, significant
differences were observed in neutrophil and eosinophil counts and percentage.
Neutrophils were more numerus in fish reared in a recirculation system, in 0+, and
2+ groups (Tab. I). On the other hand, number of eosinophils was higher in cage-
reared fish (Tab. I, Fig. 1). Moreover, eosinophil counts decreased significantly with
fish body mass, according to the regression equation: Y=-0.8 InX+8.4 (Fig. 2). Besters
reared under different environmental conditions did not differ in respect to mono-
cyte numbers. ‘

Differences in the percentage of NBT-positive PMN cells observed between the
groups of 15 and 37 g were not significant: in both cases 15% of the cells were NBT-
positive. In 324 g fish, however, this parameter increased significantly to 27.2+6.2%.
With futher body mass increase, changes were not significant. No statistically signif-
icant differences in % of NBT-positive PMN cells were observed between these fish
and cage-reared sturgeon (0+ and 2+ groups, Tab. I).

NBT reduction ability decreased with the increase of body mass, according to the
equation Y=-0.1InX+1.5 (Fig. 3). In cage-reared fish, this parameter was lower com-
pared with tank-reared ones of similar body mass (Tab. I).
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Fig. 1. Eosinophil count in bester reared under various environmental conditions
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Fig. 2. Relation between eosinophil count and average body mass of bester
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NBT index did not change significantly being about 0.1 in 0+ fish and in 2+ stur-
geons it increased to 0.132+0.059. In cage-reared besters aged 1+, value of this
parameter was similar as in 0+ tank-reared fish (Tab. I).

Phagocytic index (IF) was significantly lower in tank-reared sturgeons compared
to the cage-reared fish, and was equal to 1.8-2.0+1.0 and 7.4+1.2 respectively (Fig. 4).

The lowest LZM activity was observed in the two youngest bester groups —
4.4+0.6, and 10.3+3.9 png/ml respectively. Higher values of this parameter were
found in older tank-reared fish (of average body mass 324 g and 3840 g): 57.1+12.6
and 48.3+5.5 ng/ml respectively. The highest LZM activity was observed in cage-
reared bester - 107+21.6 ng/ml (Fig. 5). Differences in LZM index depended on LZM
level and number of granulocytes in particular fish groups, and followed a similar
pattern as LZM activity (Tab. I, Fig. 6).

In bester fry in the first year of rearing (age 0+) in the water recirculation system,
significant increase of Cp activity was observed, from 8.7+4.43 mg% at average body
mass 15 g to 30+5.9 mg% at 324 g (Tab. I). Cp activity in cage-reared bester was sig-
nificantly lower (Fig. 7).

In the first year of life (0+), no significant differences in total plasma protein and
y-globulin fraction content were observed in tank-reared fish. Cage-reared bester had
similar y-globulin level as 0+ tank-reared sturgeon, but much higher total protein
content - 25+3.8 g /1. Average values of this parameter in cage-reared fish were simi-
lar as in 2+ tank-reared bester, which had 26.0+5.5 g/1 of total plasma protein. Bester
2+, however, had significantly higher y-globulin content — 11.3+5.5 g/1 (Tab. I).

DISCUSSION

The results of the study revealed that some immunological parameters in bester
differed from the values found in other sturgeons (Kolman H. 1996). Although NBT-
reduction ability was closely related to fish body mass (Fig. 3), according to the loga-
rhithmic function, similarly as in Siberian sturgeon, the dynamics of this parameter
was lower. The decrease of neutrophil counts during rearing in a water recirculation
system was also lower. Eosinophil counts, on the other hand, changed more dynam-
ically (Fig. 2). In Siberian sturgeon reared under comparable conditions these rela-
tions were not observed (Kolman H. 1996). High number of eosinophils were also
noted in an another hybrid (Russian sturgeon x bester) (Kolman H. 1996).
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Fig. 7. Values of plasma ceruloplasmin activity in bester reared under various environmental

conditions

Comparison of the numbers of various types of granulocytes, and their metabo-
lic activity in bester shows that metabolic activity of leucocytes in this hybrid is rela-
ted mainly to the activity of neutrophils — almost three times higher eosinophil count
in cage-reared fish compared to that observed in tank-reared ones was accompanied
by the lowest NBT-reduction ability (Tab. I).

Metabolic activity of leucocytes in cage-reared bester was similar as in Russian
sturgeon, but granulocyte count was twice higher in the hybrid (Kolman H. 1996).
Phagocytic activity of microphages in bester was also lower than in A. guldensteadti
L. (Kolman H. 1996). It is possible that non-specific cellular immune mechanisms in
hybrid sturgeon are less active compared with pure sturgeon species.

Lymphocyte counts in bester (Tab. I) compared to Russian sturgeon of the same
age showed lower fluctuations, being the least labile among the sturgeons (Kolman
H. 1996). Taking into consideration the role of lymphocytes in immunorecognition
and initiation of immune response, this might have affected other cell immune reac-
tions in bester (Kolman H. et al. 1997).

The results of the present study indicate that lymphocytes predominated among
white blood cells in bester and other sturgeons, pure species, and hybrids (Kolman
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H. 1996). Lymphocyte counts and total leucocyte counts changed slightly in all
experimental groups of bester. On the contrary, acidophilic and neutrophilic granu-
locyte counts considerably fluctuated due to changes of environmental conditions.
The number of eosinophils in cage-reared bester was almost three times higher than
in tank-reared fish of similar body mass.

In cage-reared bester, higher phagocytic ability was observed, probably related
to immunogenicity of the environmental pathogens. Also Cp activity and lower
y-globulin content were observed in these fish, accompanied by higher LZM activity
and index compared to tank-reared fish. The latter had, however, higher Cp activity
than Russian sturgeon (Kolman H. 1996). It might have been related, among others,
to higher growth rate of Russian sturgeon reared under similar conditions in cages
placed in heated water (Kolman H. 1996). LZM activity in cage-reared besters was
similar as in Russian sturgeon under comparable conditions of rearing (Kolman H.
1996). This suggests important role of the environmental conditions in the dynamics
of this parameter in sturgeons.

In tank-reared bester, % of NBT-positive cells was less variable than in A. baeri
(13.1-47.8) reared under similar conditions (Kolman H. 1996). Also dynamics of other
parameters: total leucocyte counts, lymphocyte counts, NBT-reduction ability, and
NBT index were lower. It seems that the differences might have also resulted from
more careful selection of bester newly hatched larvae, and biological autonomy of
the hybrid. This hypothesis, however, should be confirmed for other sturgeon
species and their hybrids. The results show that values of some parameters in bester
were different than in Siberian sturgeon (Kolman H. 1996), but overall dynamics of
the immunological indices in F3 bester during ontogenesis was similar as in A. baeri
reared also in a water recirculation system (Kolman et al. 1997).

In tank-rearing, under stable environmental conditions, growth rates of bester
and Siberian sturgeon were similar (Kolman H. 1996). On the contrary, bester reared
in cages in the power plant discharge channel grew much slower (Tab. I). Different
growth rate caused by variations of environmental conditions might have consider-
ably affected the analysed immunological parameters (Gershanovich et al. 1983,
Kolman H. 1996, Kolman et al. 1997).

Many immunophysiological parameters in bester were less variable during the
ontogenesis and due to changes of environmental conditions compared with pure
sturgeon species, and the values of non-specific cellular immune indices were lower.
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STRESZCZENIE

KSZTALTOWANIE SIE WYBRANYCH NIESWOISTYCH KOMORKOWYCH I
HUMORALNYCH MECHANIZMOW ODPORNOSCIOWYCH U BESTERA (Huso huso
L. x Acipenser rutenus L.)

Bester, krzyzoéwka miedzyrodzajowa bietugi (Huso huso L) ze sterletem (A. rutenus L.) jest ptodnym.
W trzecim pokoleniu (F;) charakteryzuje sie stabilizacja cech hodowlanych na poziomie charakterysty-
cznym dla gatunkéw wyjsciowych. W pracy przedstawiono pierwsze wyniki badan nad ksztattowaniem
si¢ wybranych nieswoistych komoérkowych i humoralnych mechanizméw odpornosciowych u tego
hybryda.
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Ryby chowane w basenach zamknietego obiegu wody charakteryzowaly sie znacznie wyzszym
tempem wzrostu niz w sadzach umieszczonych w kanale zrzutowym elektrocieptowni.

W okresie trzech lat chowu w basenach obiegu zamknigtego stwierdzono $cista zaleznos¢ akty-
wnosci metabolicznej leukocytow oraz liczby eozynofili od masy ciata ryb. Bestery z obiegu charaktery-
zowaly sie nizszym poziomem liczby eozynofili, indeksu fagocytarnego, aktywnosci oraz indeksu
lizozymu niz bestery z sadzéw na kanale zrzutowym elektrocieptowni; ale wyzsza aktywnoécia metabol-
iczna leukocytow, wyzsza aktywnoscia Cp, i wyzszym poziomem frakcji y-globulinowej. Grupy tych ryb
nie roznily sie istotnie pod wzgledem ogolnej liczby leukocytow, liczby limfocytéw, procentu komoérek
PMN NBT-pozytywnych, indeksu NBT. W ksztaltowaniu si¢ oznaczonych parametréw dyskutowano
role tempa wzrostu ryb, warunkow srodowiskowych oraz autonomii biologicznej krzyzowki.
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