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Aim. To investigate the impact of L-arginine and ethanol extract of purple echinacea on cellular and humoral
links of immunity of carps. Methods. Determination of the population composition of lymphocytes, immunological, clinical and statistical methods. Results. The data about the qualitative composition of T-lymphocytes
and their subpopulations and B-lymphocytes in the blood of carps at the action of L-arginine and purple echinacea are presented. It was established that feeding carps with starch paste with the addition of L-arginine and
ethanol extract of purple echinacea activated the cellular link of their immunity, in particular, it enhanced the
number of T-lymphocytes (active and theophylline-resistant) in blood. Feeding starch paste with ethanol extract
of purple echinacea per os promoted the decrease in the population of theophylline-sensitive T-lymphocytes in
blood of carps and had a stimulating effect on the B-lymphocyte link of the immunity. Conclusions. Feeding
carps with additives to starch paste – L-arginine 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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INTRODUCTION
A relevant problem of modern development of ¿sheries is the elaboration of the ways of affecting the processes 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 complicated industrial forms of intensifying ¿sh farming, envisaging 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 preservation 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
70

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 organism. At the same time, the biologically active substances, present in the raw vegetative materials, for instance, 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. However, 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 enhancing 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 substances, added to the standard combined feeds for ¿sh,
is more ef¿cient compared to other methods of immuno-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 region. 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-resistant 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 somewhat lesser degree – due to the increase in the number
of their medium avid forms on the background of a decrease 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 differentiation 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 (Ɇ ± m; %; n = 34)
Index
T-general, 0
3–5
6–10
Ɇ
%
T-active, 0
3–5
6–10
Ɇ
%
T-theophylline-resistant, 0
3–5
6–10
Ɇ
%

Group of ¿sh
Control

First experimental

Second experimental

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

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 (Ɇ) – cells with high density of receptors.
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Table 2. The number of B-lymphocytes in the blood of carps (Ɇ ± m; %; n = 3–4)
Index
0
3–5
6–10
Ɇ
%

Group of ¿sh
Control

First experimental

Second experimental

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

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 mentioned 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 number of cells with medium and high density of receptors.
These data testify to the impact of the addition of Larginine and the extracts of purple echinacea to starch
paste on the increase in the functional activity of immunocompetent 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] proving that arginine strengthens the immune system due
to the increase in the activity of the T-cellular immunity, in particular, via enhancing the proliferation of Tlymphocytes, 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-lymphocytes, which get differentiated into antibody producers
under the impact of antigen stimulus [16]. Positive impact of feeding starch paste with the addition of the ethanol 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.

perimental group as the main antibody-forming cells
reÀects the activation of a humoral link of immunity in
the organism. Evidently, this occurs due to the regulatory impact of the addition of the extract of purple echinacea 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 particular, T-theophylline-resistant lymphocytes, initiating
the processes of proliferation of B-cells, and participating in the production of non-speci¿c factors of protection – immunoglobulins.
CONCLUSIONS
Feeding carps with additives to starch paste – L-arginine 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.
ɋɬɚɧ ɤɥɿɬɢɧɧɨɝɨ ɬɚ ɝɭɦɨɪɚɥɶɧɨɝɨ ɿɦɭɧɿɬɟɬɭ ɤɨɪɨɩɚ
ɡɚ ɞɿʀ ɛɿɨɥɨɝɿɱɧɨ ɚɤɬɢɜɧɢɯ ɞɨɛɚɜɨɤ
ɇ. Ɂ. Ɉɝɨɪɨɞɧɢɤ, Ʉ. Ȼ. ɋɦɨɥɹɧɿɧɨɜ, Ɇ. ȱ. Ɋɚɰɶɤɢɣ
e-mail: nataohorodnyk@ukr.net
ȱɧɫɬɢɬɭɬ ɛɿɨɥɨɝɿʀ ɬɜɚɪɢɧ ɇȺȺɇ
ȼɭɥ. ȼ. ɋɬɭɫɚ, 38, Ʌɶɜɿɜ, ɍɤɪɚʀɧɚ, 79034

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-

Ɇɟɬɚ. Ⱦɨɫɥɿɞɢɬɢ ɜɩɥɢɜ L-ɚɪɝɿɧɿɧɭ ɬɚ ɫɩɢɪɬɨɜɨɝɨ ɟɤɫɬɪɚɤɬɭ ɟɯɿɧɚɰɟʀ ɩɭɪɩɭɪɨɜɨʀ ɧɚ ɤɥɿɬɢɧɧɭ ɬɚ ɝɭɦɨɪɚɥɶɧɭ
ɥɚɧɤɢ ɿɦɭɧɿɬɟɬɭ ɤɨɪɨɩɿɜ. Ɇɟɬɨɞɢ. ȼɢɡɧɚɱɟɧɧɹ ɩɨɩɭɥɹɰɿɣɧɨɝɨ ɫɤɥɚɞɭ ɥɿɦɮɨɰɢɬɿɜ, ɿɦɭɧɨɥɨɝɿɱɧɿ, ɤɥɿɧɿɱɧɿ ɿ ɫɬɚɬɢɫɬɢɱɧɿ ɦɟɬɨɞɢ. Ɋɟɡɭɥɶɬɚɬɢ. ɉɪɟɞɫɬɚɜɥɟɧɨ ɞɚɧɿ ɳɨɞɨ
ɤɿɥɶɤɿɫɧɨɝɨ ɫɤɥɚɞɭ Ɍ-ɥɿɦɮɨɰɢɬɿɜ ɿ ʀɯɧɿɯ ɫɭɛɩɨɩɭɥɹɰɿɣ
ɬɚ ȼ-ɥɿɦɮɨɰɢɬɿɜ ɭ ɤɪɨɜɿ ɤɨɪɨɩɿɜ ɡɚ ɞɿʀ L-ɚɪɝɿɧɿɧɭ ɿ
ɟɯɿɧɚɰɟʀ ɩɭɪɩɭɪɨɜɨʀ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɝɨɞɨɜɭɜɚɧɧɹ ɤɨɪɨɩɚɦ ɤɪɨɯɦɚɥɶɧɨɝɨ ɤɥɟɣɫɬɟɪɭ ɡ ɞɨɛɚɜɤɨɸ L-ɚɪɝɿɧɿɧɭ
ɬɚ ɫɩɢɪɬɨɜɨɝɨ ɟɤɫɬɪɚɤɬɭ ɟɯɿɧɚɰɟʀ ɩɭɪɩɭɪɨɜɨʀ ɚɤɬɢɜɭɽ
ɤɥɿɬɢɧɧɭ ɥɚɧɤɭ ʀɯɧɶɨɝɨ ɿɦɭɧɿɬɟɬɭ, ɡɨɤɪɟɦɚ, ɩɿɞɜɢɳɭɽ ɜ
ɤɪɨɜɿ ɤɿɥɶɤɿɫɬɶ Ɍ-ɥɿɦɮɨɰɢɬɿɜ (ɚɤɬɢɜɧɢɯ ɿ ɬɟɨɮɿɥɿɧɪɟɡɢɫɬɟɧɬɧɢɯ). Ɂɝɨɞɨɜɭɜɚɧɧɹ per os ɤɪɨɯɦɚɥɶɧɨɝɨ ɤɥɟɣɫɬɟɪɭ
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ɡɿ ɫɩɢɪɬɨɜɢɦ ɟɤɫɬɪɚɤɬɨɦ ɟɯɿɧɚɰɟʀ ɩɭɪɩɭɪɨɜɨʀ ɫɩɪɢɹɽ
ɡɦɟɧɲɟɧɧɸ ɜ ɤɪɨɜɿ ɤɨɪɨɩɿɜ ɤɿɥɶɤɨɫɬɿ ɩɨɩɭɥɹɰɿʀ ɬɟɨɮɿɥɿɧɱɭɬɥɢɜɢɯ Ɍ-ɥɿɦɮɨɰɢɬɿɜ ɿ ɩɪɨɹɜɥɹɽ ɫɬɢɦɭɥɸɸɱɢɣ
ɜɩɥɢɜ ɧɚ ȼ-ɥɿɦɮɨɰɢɬɚɪɧɭ ɥɚɧɤɭ ɿɦɭɧɿɬɟɬɭ. ȼɢɫɧɨɜɤɢ.
Ɂɝɨɞɨɜɭɜɚɧɧɹ ɤɨɪɨɩɚɦ ɞɨɛɚɜɨɤ ɞɨ ɤɪɨɯɦɚɥɶɧɨɝɨ ɤɥɟɣɫɬɟɪɭ L-ɚɪɝɿɧɿɧɭ ɬɚ ɫɩɢɪɬɨɜɨɝɨ ɟɤɫɬɪɚɤɬɭ ɟɯɿɧɚɰɟʀ ɩɭɪɩɭɪɨɜɨʀ ɚɤɬɢɜɭɽ ɤɥɿɬɢɧɧɭ ɿ ɝɭɦɨɪɚɥɶɧɭ ɥɚɧɤɢ ɿɦɭɧɿɬɟɬɭ
ɣ ɜɩɥɢɜɚɽ ɧɚ ɮɭɧɤɰɿɨɧɚɥɶɧɢɣ ɫɬɚɧ ɿɦɭɧɨɤɨɦɩɟɬɟɧɬɧɢɯ
ɤɥɿɬɢɧ, ɩɪɨ ɳɨ ɫɜɿɞɱɢɬɶ ɡɛɿɥɶɲɟɧɧɹ ɭ ɤɪɨɜɿ ɜɿɞɧɨɫɧɨʀ
ɤɿɥɶɤɨɫɬɿ Ɍ- ɿ ȼ-ɥɿɦɮɨɰɢɬɿɜ ɣ ɩɟɪɟɪɨɡɩɨɞɿɥ ɚɜɿɞɧɨɫɬɿ ɭ
ɛɿɤ ɡɦɿɰɧɟɧɧɹ ɪɟɰɟɩɬɨɪɧɨɝɨ ɚɩɚɪɚɬɭ ɩɥɚɡɦɚɬɢɱɧɢɯ ɦɟɦɛɪɚɧ Ɍ-ɥɿɦɮɨɰɢɬɿɜ.
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ɐɟɥɶ. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ L-ɚɪɝɢɧɢɧɚ ɢ ɫɩɢɪɬɨɜɨɝɨ
ɷɤɫɬɪɚɤɬɚ ɷɯɢɧɚɰɟɢ ɩɭɪɩɭɪɧɨɣ ɧɚ ɤɥɟɬɨɱɧɨɟ ɢ ɝɭɦɨɪɚɥɶɧɨɟ ɡɜɟɧɶɹ ɢɦɦɭɧɢɬɟɬɚ ɤɚɪɩɨɜ. Ɇɟɬɨɞɵ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɩɭɥɹɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɥɢɦɮɨɰɢɬɨɜ, ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɟ, ɤɥɢɧɢɱɟɫɤɢɟ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ.
Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ Ɍ-ɥɢɦɮɨɰɢɬɨɜ, ɢɯ ɫɭɛɩɨɩɭɥɹɰɢɣ ɢ ȼɥɢɦɮɨɰɢɬɨɜ ɜ ɤɪɨɜɢ ɤɚɪɩɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ L-ɚɪɝɢɧɢɧɚ ɢ ɷɯɢɧɚɰɟɢ ɩɭɪɩɭɪɧɨɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɚɪɦɥɢɜɚɧɢɟ ɤɚɪɩɭ ɤɪɚɯɦɚɥɶɧɨɝɨ ɤɥɟɣɫɬɟɪɚ ɫ ɞɨɛɚɜɤɨɣ
L-ɚɪɝɢɧɢɧɚ ɢ ɫɩɢɪɬɨɜɨɝɨ ɷɤɫɬɪɚɤɬɚ ɷɯɢɧɚɰɟɢ ɩɭɪɩɭɪɧɨɣ ɚɤɬɢɜɢɪɭɟɬ ɤɥɟɬɨɱɧɨɟ ɡɜɟɧɨ ɢɯ ɢɦɦɭɧɢɬɟɬɚ, ɜ
ɱɚɫɬɧɨɫɬɢ, ɭɜɟɥɢɱɢɜɚɟɬ ɜ ɤɪɨɜɢ ɤɨɥɢɱɟɫɬɜɚ Ɍ-ɥɢɦɮɨɰɢɬɨɜ (ɚɤɬɢɜɧɵɯ ɢ ɬɟɨɮɢɥɥɢɧɪɟɡɢɫɬɟɧɬɧɵɯ). ȼ ɬɨ ɠɟ
ɜɪɟɦɹ ɫɤɚɪɦɥɢɜɚɧɢɟ per os ɤɪɚɯɦɚɥɶɧɨɝɨ ɤɥɟɣɫɬɟɪɚ
ɫɨ ɫɩɢɪɬɨɜɵɦ ɷɤɫɬɪɚɤɬɨɦ ɷɯɢɧɚɰɟɢ ɩɭɪɩɭɪɧɨɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɜ ɤɪɨɜɢ ɤɚɪɩɚ ɤɨɥɢɱɟɫɬɜɚ ɩɨɩɭɥɹɰɢɢ ɬɟɨɮɢɥɥɢɧɱɭɜɫɬɜɢɬɟɥɶɧɵɯ Ɍ-ɥɢɦɮɨɰɢɬɨɜ ɢ
ɩɪɨɹɜɥɹɟɬ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ȼ-ɥɢɦɮɨɰɢɬɚɪɧɨɟ ɡɜɟɧɨ ɢɦɦɭɧɢɬɟɬɚ. ȼɵɜɨɞɵ. ɋɤɚɪɦɥɢɜɚɧɢɟ ɤɚɪɩɭ
ɞɨɛɚɜɨɤ ɤ ɤɪɚɯɦɚɥɶɧɨɦɭ ɤɥɟɣɫɬɟɪɭ L-ɚɪɝɢɧɢɧɚ ɢ ɫɩɢɪɬɨɜɨɝɨ ɷɤɫɬɪɚɤɬɚ ɷɯɢɧɚɰɟɢ ɩɭɪɩɭɪɧɨɣ ɚɤɬɢɜɢɪɭɟɬ ɤɥɟɬɨɱɧɨɟ ɢ ɝɭɦɨɪɚɥɶɧɨɟ ɡɜɟɧɶɹ ɢɦɦɭɧɢɬɟɬɚ ɢ ɜɥɢɹɟɬ ɧɚ
ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢɦɦɭɧɨɤɨɦɩɟɬɟɧɬɧɵɯ ɤɥɟɬɨɤ,
ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɜ ɤɪɨɜɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ Ɍ- ɢ ȼ-ɥɢɦɮɨɰɢɬɨɜ ɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɚɜɢɞɧɨɫɬɢ ɜ ɫɬɨɪɨɧɭ ɭɤɪɟɩɥɟɧɢɹ ɪɟɰɟɩɬɨɪɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɥɚɡɦɚɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ Ɍ-ɥɢɦɮɨɰɢɬɨɜ.

