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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, immuno-
logical, 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 echi-
nacea 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 confirmed 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 fisher-
ies is the elaboration of the ways of affecting the pro-
cesses of immunity formation, targeted at enhancing
the resistance and adaptation capacity of fish.

In recent 50 years, the global volumes of fisheries
increased by 50 million tons [1, 2]. At the same time,
priority relevance was attributed to technologically com-
plicated industrial forms of intensifying fish farming, en-
visaging high concentration of fish 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 fish require providing the
ratios with sufficient amount of fats, carbohydrates,
mineral elements, and vitamins, which is first 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
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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 scientific data regarding the action
of purple echinacea on cellular and humoral links of
the immunity of carps, there are insufficient scientific
investigations on norming the level of arginine in the
combined feeds for fish, the available information is
contradictory and requires further confirmation.

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 fish, is extremely important for scientific 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 fish,
is more efficient 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, five fish 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 first 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 fish 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
specific cellular immunity [ 14]. The study on T-cellular
link of fish 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 =+ m; %; n = 3-4)

Group of fish
Index
Control First experimental Second experimental

T-general, 0 51.0+3.21 52.33+2.73 52.33+£1.45
3-5 32.67+1.20 26.67 +£4.84 30.0+1.15
6-10 11.0+1.15 13.33£2.73 11.67 £ 1.45

M 533+1.86 7.67 £2.33 6.0+1.15
% 49.0+3.21 47.67+2.73 47.67+1.45
T-active, 0 74.0+1.15 72.67 +2.85 72.0+£2.52
3-5 17.67 +1.76 17.33+1.45 18.67 £2.03
6-10 533+£1.20 6.67+1.76 5.67 £2.40

M 45+1.5 5.0+£3.0 55+0.5
% 26.0+1.15 27.33+£2.85 28.0+2.52
T-theophylline-resistant, 0 72.67+1.67 72.33+1.45 71.0+£2.52
3-5 22.0+1.00 19.67 £ 0.88 21.0+2.08
6-10 4.67+0.33 6.0+1.15 5.33+0.33

M 1.0+ 0.01 30+1.0 4.0+0.01
% 2733+ 1.67 27.67+1.45 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 (M) — cells with high density of receptors.
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Table 2. The number of B-lymphocytes in the blood of carps (M = m; %; n = 3—4)

Group of fish
Index
Control First experimental Second experimental

0 57.67+1.67 57.67 +0.88 57.0+1.15
3-5 30.67 + 0.33 30.33 +£1.20 30.0+0.58
6-10 8.33+1.20 9.33+£0.33 9.0+1.15
M 3.33+0.67 2.67+0.67 3.33+0.88
% 42.33 £1.67 42.33 £0.88 430+ 1.15

Similar changes were revealed in the blood of carps
of the first 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 first 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 field. There are scientific 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 specific
immune protection of fish 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-
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perimental group as the main antibody-forming cells
reflects 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-specific 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 confirmed 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.

CraH KIITHHHOTO Ta TYMOPAJILHOTO IMYHITETY KOpOIia
3a i1 010JI0T1YHO AKTHBHHX 100aBOK

H. 3. Oroponnuk, K. b. CmonstainoB, M. 1. Panpkuit
e-mail: nataohorodnyk@ukr.net

IucruryT Giosorii TBapun HAAH
Byan. B. Cryca, 38, JIsBiB, Ykpaina, 79034

Mera. Jlocnminntn BruMB L-apriHiHy Ta CIIMPTOBOTO €KC-
TpakTy exiHauel myprnypoBoi Ha KJIITHHHY Ta IyMOpajbHY
JAHKYW IMyHITETy KopormiB. MeTtoman. BusHaueHHsS mOITyIis-
[ifHOTO CKJIaTy JIIM(OUHUTIB, IMyHOIIOTI4HI, KIIHIYHI 1 CTa-
THcTHYHI Metonu. Pesyawsraru. [lpeacraBneHo naHi momo
KUTBKICHOTO CKJamy T-mMQomuTiB i IXHIX cyOmomymsmii
Ta B-mMdomuriB y KpoBi kopomiB 3a mii L-apriminy i
exiHalei myprnypoBoi. BcTaHOBJIEHO, 110 3rOOBYBaHHS KO-
poramM KpOXMaJlbHOTO Kieictepy 3 nobaBkoro L-apriHiHy
Ta CHHPTOBOIO EKCTPAaKTy exXiHamel MyprypoBOl aKTHBYE
KIIITHHHY JIaHKy IXHBOTO IMYHITETY, 30KpeMa, Ii/IBUIIyE B
KpoBi KiNbKiCTh T-miMdonuTiB (akTHBHUX 1 TeodimiHpe3mc-
TEHTHHX). 3TOZOBYBAaHHS per 0S KPOXMAaJIBHOTO KICHCTEpY
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31 CIHPTOBUM EKCTPAKTOM eXiHarei IypIypoBOi CIIpHse
3MEHIIEHHIO B KpPOBI KOPOITB KUIBKOCTI TOMYJAIi Teo-
¢ininayTmBux T-miMGOIUTIB 1 TPOSBISE CTUMYIIOIOUHIA
BIUIMB Ha B-nmimdonurtapHy JlaHKy iMyHiTeTy. BucHoBkwm.
3rotoByBaHHS KOporaMm J00aBOK JO KPOXMaJbHOTO Kiletc-
Tepy L-apriHiHy Ta CHOHPTOBOTO €KCTPAaKTy eXiHamei Imyp-
ITypOBOi aKTUBYE KIITHHHY 1 TYMOpPAaJIbHY JAHKH IMYHITETY
W BIuIMBae Ha (yHKLIOHAIBHUN CTaH IMYHOKOMIIETEHTHHX
KJITHH, TPO WO CBIJYUTH 301JBLICHHS y KPOBI BiIHOCHOT
kinpkocti T- 1 B-mimdouunTiB i mepeposnoain aBigHOCTI y
OIK 3MIIJHCHHSI PELENTOPHOIO arapary IUIa3MaTHYHUX MeM-
6pan T-mimdonuTis.

KarouoBi cioBa: xopor, L-aprinin, exiHauesi mypIryposa,
kpoB, T- Ta B-mimdorura.

CoCTOsTHHE KIICTOYHOTO U TYMOPaIbHOTO UMMYHHUTETA
Kapria 1oji BO3/eicTBIEM
OMOJIOTHYECKH aKTHBHBIX J00aBOK
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Hens. Vcciaenosars BiusHUEe L-apruHUHA M CHUPTOBOTO
OKCTpAKTa SXMHAIEW MyPIypHOH Ha KJIETOYHOE U TyMO-
panbHOE 3BEHbS MMMYHHUTeTa KaprnoB. Mertoabl. Ompene-
JICHHE TIOMYJIALHOHHOTO COCTaBa JUMQOIUTOB, MMMYHO-
JIOTHYECKHE, KIMHUYECKHE M CTATHCTUYECKHE METOMbI.
Pesyabrarsl. [IpeacTaBieHbl OTHOCUTENBHO KOJIMYECTBEH-
Horo cocraBa T-nmumdonnToB, Mx cyomnomymsanuii n B-
TMM(OLINTOB B KPOBU Kapra Ioj Bo3aeHcTBueM L-apruHu-
Ha W SXMHALEW IypHIypHOH. YCTAaHOBIEHO, YTO CKapM-
JIMBaHUE KapIy KpaxMajbHOTO KIeHcTepa C JA00aBKOU
L-apruauHa ¥ CHMPTOBOTO IKCTPAKTa SXUHALECH ITypIyp-
HOW aKTHBHPYET KJIETOYHOE 3BEHO HUX HMMYHHMTETa, B
YaCTHOCTH, YBEIMYMBACT B KPOBM KoimdecTBa T-nmmmdo-
OUTOB (aKTHBHBIX W TEO(DHMIUTMHPE3UCTEHTHBIX). B TO Xe
BpeMs CKapMIIMBaHME pEr OS KpaxMallbHOTO Kielcrepa
CO CIHUPTOBBIM OJKCTPAKTOM 3XMHAICH IypIypHOH CIO-
COOCTBYET YMEHBILICHUIO B KPOBM Kapra KOJM4YecTBa MO-
MyJISOAA  TeOQUIUTMHYYBCTBUTENBHBIX T-TUM(OINTOB |
MIPOSIBISIET CTUMYJMpYIOIee BiIusHUE Ha B-nmmdonmrap-
HOE 3BEHO MMMYyHHTeTa. BbIBoAbI. CKapMiInMBaHUE KapIry
100aBOK K KpaxMalbHOMY Kieicrepy L-aprununa u crmp-
TOBOTO SKCTPAKTa dXMHALEU ITypIypHOH aKTHBHUPYET KJe-
TOYHOE M TyMOPAJIbHOE 3BEHbs HMMYHUTETA U BIMSET Ha
(YHKIMOHAIFHOE COCTOSIHHE MMMYHOKOMITETEHTHBIX KIIETOK,
0 Y€M CBHJETENBbCTBYET YBEIIMYEHUE B KPOBU OTHOCHUTEIb-
HOro koimyecTBa T- u B-mumonntoB u nepepacnpemnee-
HHUE aBHJHOCTU B CTOPOHY YKPEIUICHHUS PELENTOPHOTO afl-
rapara ra3Marnieckux memopan T-numdonnTos.

Kurouessble cioBa: kapi, L-aprunus, sxuHaues nypnypHas,
KpoBb, T- 1 B-niumdonuts.
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