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INTRODUCTION

A relevant problem of modern development of  sher-
ies is the elaboration of the ways of affecting the pro-
cesses of immunity formation, targeted at enhancing 
the resistance and adaptation capacity of  sh. 

In recent 50 years, the global volumes of  sheries 
increased by 50 million tons [1, 2]. At the same time, 
priority relevance was attributed to technologically com-
plicated industrial forms of intensifying  sh farming, en-
visaging high concentration of  sh per unit of the area 
and thus requiring provision of complete feed for them. 

It is known that high productivity and preserva-
tion of animals, birds, and  sh require providing the 
ratios with suf  cient amount of fats, carbohydrates, 
mineral elements, and vitamins, which is  rst and 
foremost related to proteins and aminoacids [3–6]. A 
number of aminoacids, arginine in particular, are not 
capable of being synthesized in the organism, which 

requires introducing their synthetic analogs to the 
combined feeds. 

Numerous studies demonstrate [7–9] that L-arginine 
has a broad spectrum of biological impact on the or-
ganism. At the same time, the biologically active sub-
stances, present in the raw vegetative materials, for in-
stance, in purple echinacea, both have a positive impact 
on morphological indices of the blood of animals, and 
change the activity of enzymes of protein, lipid, and 
carbohydrate exchanges [10, 11], and, according to the 
data of [12], have immunostimulating properties. How-
ever, there are no scienti  c data regarding the action 
of purple echinacea on cellular and humoral links of 
the immunity of carps, there are insuf  cient scienti  c 
investigations on norming the level of arginine in the 
combined feeds for  sh, the available information is 
contradictory and requires further con  rmation.

The determination of the impact of biologically active 
substances on biochemical processes, forming the basis 
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of the formation and functioning of the immune system 
of  sh, is extremely important for scienti  c studies, as 
it will allow elaborating theoretical foundations for en-
hancing the immune function and adaptation capability 
in the organism of different species. At the same time, 
it is noteworthy that the use of biologically active sub-
stances, added to the standard combined feeds for  sh, 
is more ef  cient compared to other methods of immu-
no-modulating impact on their organism.

MATERIALS AND METHODS
The experiment was conducted in cooperation with the 

Lviv division of the Institute of Fisheries, NAAS in the 
village of Liubin Velyky, Horodotsky district, Lviv re-
gion. The experiment was conducted using three groups 
of two-year-old carps,  ve  sh per group. Carps of the 
control group were fed starch paste per os, cal-culated as 
1 % per 1 kg of bodyweight. In the course of 10 days, 
carps of the  rst group were given identical paste with 
the addition of L-arginine in the amount of 1 mg/kg of 
bodyweight daily, and carps of the second group – the 
paste with the addition of 50 % ethanol extract of purple 
echinacea in the amount of 1 ml/kg of  sh bodyweight. 
Carps were kept in the aquarium conditions.

After the experiment, blood samples of carps were 
taken. The relative number of T- and B-lymphocytes 
and their subpopulations, antigen-binding lymphocytes 
were studied in blood lymphocytes. According to the 

density of receptors and respective number of bound 
erythrocytes, lymphocytes were differentiated into 
non-differentiated, low-avid, medium-avid, and highly 
avid ones [13]. 

RESULTS AND DISCUSSION
T-lymphocytes play a key role in the formation of 

speci  c cellular immunity [14]. The study on T-cellular 
link of  sh immunity demonstrated the increase in the 
relative number of T-active and T-theophylline-resis-
tant lymphocytes in the blood of carps of the second 
experimental group (Table 1). Mainly it occurred due to 
low-avid and especially highly avid cells, and to some-
what lesser degree – due to the increase in the number 
of their medium avid forms on the background of a de-
crease in the number of non-differentiated cells. These 
changes may be explained by increased migration of 
T-lymphocytes from thymus into peripheral lymphoid 
organs and the stimulation of the processes of their dif-
ferentiation under the impact of the extract of purple 
echinacea which, as a complex, promotes the increase 
in the immune status of carps. Here the blood of carps 
of the mentioned group demonstrates the decrease by 
3 % (compared to the control) in the relative number of 
T-theophylline-sensitive lymphocytes. The decrease in 
their number of blood may testify to the stabilization 
of the immune aggression processes in the organism of 
carps at the action of purple echinacea.

Table 1. The indices of T-cellular immunity and their functional activity in the blood of carps (  ± m; %; n = 3 4)

Note. In this and following tables: 0 – non-differentiated cells, 3–5 – cells with low density of receptors, 6–10 – cells with 
medium density of receptors and morulas ( ) – cells with high density of receptors.

Index
Group of  sh

Control First experimental Second experimental

T-general, 0
3–5
6–10

%
T-active, 0

3–5
6–10

%
T-theophylline-resistant, 0

3–5
6–10

%

51.0 ± 3.21
32.67 ± 1.20
11.0 ± 1.15
5.33 ± 1.86
49.0 ± 3.21
74.0 ± 1.15

17.67 ± 1.76
5.33 ± 1.20
4.5 ± 1.5

26.0 ± 1.15
72.67 ± 1.67
22.0 ± 1.00
4.67 ± 0.33
1.0 ± 0.01

27.33 ± 1.67

52.33 ± 2.73
26.67 ± 4.84
13.33 ± 2.73
7.67 ± 2.33

47.67 ± 2.73
72.67 ± 2.85
17.33 ± 1.45
6.67 ± 1.76
5.0 ± 3.0

27.33 ± 2.85
72.33 ± 1.45
19.67 ± 0.88
6.0 ± 1.15
3.0 ± 1.0

27.67 ± 1.45

52.33 ± 1.45
30.0 ± 1.15
11.67 ± 1.45
6.0 ± 1.15

47.67 ± 1.45
72.0 ± 2.52

18.67 ± 2.03
5.67 ± 2.40
5.5 ± 0.5

28.0 ± 2.52
71.0 ± 2.52
21.0 ± 2.08
5.33 ± 0.33
4.0 ± 0.01

29.0 ± 2.52
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Similar changes were revealed in the blood of carps 
of the  rst experimental group. For instance, feeding 
carps with L-arginine, added to the starch paste, led 
to the increase in the relative number of T-active and 
T-theophylline-resistant lymphocytes in their blood. 
However, in this case a higher number of the men-
tioned subpopulations of T-lymphocytes in the blood of 
carps of the  rst experimental group, compared to the 
control, was conditioned by the increase in the num-
ber of cells with medium and high density of receptors. 
These data testify to the impact of the addition of L-
arginine and the extracts of purple echinacea to starch 
paste on the increase in the functional activity of im-
munocompetent blood cells of carps at the expense of 
the redistribution of their avidity towards the increase 
in the receptor  eld. There are scienti  c data [15] prov-
ing that arginine strengthens the immune system due 
to the increase in the activity of the T-cellular immu-
nity, in particular, via enhancing the proliferation of T-
lymphocytes, the increase in their receptor activity and 
activation of mitogenesis processes. 

The implementation of humoral immune response in 
the organism involves the participation of B-lympho-
cytes, which get differentiated into antibody producers 
under the impact of antigen stimulus [16]. Positive im-
pact of feeding starch paste with the addition of the etha-
nol extract of purple echinacea on the indices of speci  c 
immune protection of  sh is evident in the increase in 
the relative number of B-lymphocytes in the blood of 
carps of the second experimental group compared to the 
control (Table 2). At the same time, a tendency towards 
the increase in the number of their medium-avid forms 
has been revealed in the blood of carps of this group. 

The presence of surface membrane receptors to 
complements in B-cells allows detecting lymphocytes, 
forming “rosettes” with sheep erythrocytes, which have 
an erythrocyte-antigen complex on the membranes 
[17]. In general, the increase in the relative number of 
B-lymphocytes in the blood of carps of the second ex-

perimental group as the main antibody-forming cells 
re  ects the activation of a humoral link of immunity in 
the organism. Evidently, this occurs due to the regula-
tory impact of the addition of the extract of purple echi-
nacea on the differentiation of T- and B-lymphocytes in 
the organism of carps, and the increase in the number 
of functionally specialized cellular populations, in par-
ticular, T-theophylline-resistant lymphocytes, initiating 
the processes of proliferation of B-cells, and participat-
ing in the production of non-speci  c factors of protec-
tion – immunoglobulins. 

CONCLUSIONS
Feeding carps with additives to starch paste – L-argi-

nine and ethanol extract of purple echinacea – activates 
cellular and humoral links of immunity and affects 
the functional state of immunocompetent cells, which 
is con  rmed by the increase in the relative number of 
T- and B-lymphocytes in blood, and the re-distribution 
of avidity towards enhancing the receptor apparatus of 
plasmatic membranes of T-lymphocytes.
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Table 2. The number of B-lymphocytes in the blood of carps (  ± m; %; n = 3–4)

Index
Group of  sh

Control First experimental Second experimental

0
3–5
6–10

%

57.67 ± 1.67
30.67 ± 0.33
8.33 ± 1.20
3.33 ± 0.67

42.33 ± 1.67

57.67 ± 0.88
30.33 ± 1.20

9.33 ± 0.33
2.67 ± 0.67

42.33 ± 0.88

57.0 ± 1.15
30.0 ± 0.58
9.0 ± 1.15
3.33 ± 0.88
43.0 ± 1.15
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