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Purpose. To assess the effect of linseed
oil, with which live feeds and commercial start-
er feed were enriched, on growth, survival, and
T- and B-cell and humoral components of adap-
tive immunity in sterlet (Acipenser ruthenus
Linnaeus, 1758) juveniles.

Methodology. The study was conducted in
two stages lasting 28 and 50 days, respective-
ly. In the first stage, 2 experimental and 1 con-
trol group of fish were involved, in the second
stage — 1 experimental and 1 control group.
At the first stage, sterlet larvae and fry were
fed for 28 days with Artemia salina nauplii en-
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Mema. OuiHumu ennue nsHoI onii, Kok
3baecadysanu xuei KopMu ma KoMepuitHul
cmapmosull  KombikopMm, Ha picm, euxuea-
Hicmb i noka3Huku T- i B-krimuHHOI ma a2ymo-
pasibHOI naHoK adarnmueHo20 iMyHimemy Mo-
n100i cmepnsidi (Acipenser ruthenus Linnaeus,
1758).

Memoduka. [ocnidxeHHs nposodunu y
0ea emanu, mpusanicmio 28 ma 50 0i6 8io-
rnogidOHo. Ha nepwomy emarni 6yno 3adisiHO
2 0ocniOHi ma 1 KOHMpPOsbHy epyny pub, Ha
Opyeomy — 1 docniOHy ma 1 KoHmporsbHYy. Ha
nepwomy emarii IUYUHOK | MarnbKie cmeprsioi
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riched with a liposomal preparation of linseed
oil of our own production at concentrations of
0.5 and 1.0 ml/L. At the second stage, the ju-
veniles were transferred to a starter feed, with
the introduction of linseed oil in the amount of
0.1% of the weight of the feed fed. During the
study, growth rates, survival rates, and T- and
B-lymphocyte immune system indicators were
determined. The liposomal preparation was
prepared using vitamin E and lecithin in an
ultrasonic disperser at a frequency of 35 Hz.
All physicochemical conditions for fish farm-
ing met the regulatory values for recirculating
aquaculture systems (RAS) with sterlet.

Findings. The use of linseed oil contribut-
ed to improved growth and survival of sterlet
juveniles. After 28 days, the average weight
of fish from the experimental groups exceed-
ed the control by 10.7 and 27.7%, and their
survival was higher by 71.7 and 76.2%. The
addition of linseed oil did not cause significant
changes in the total number of T and B lym-
phocytes, but contributed to an increase in the
proportion of functionally active high-avidity T
lymphocytes and a decrease in the number of
cells with low receptor activity. The results ob-
tained are consistent with modern ideas about
the role of a-linolenic and linoleic acids in the
formation of the structural and functional state
of the membranes of immunocompetent cells,
the regulation of the expression of membrane
receptors and the maintenance of immune ho-
meostasis.

Originality. The effect of a liposomal
preparation of linseed oil on the growth, sur-
vival, and functional state of T- and B-cell and
humoral components of specific immunity for
sterlet juveniles was investigated for the first
time.

Practical Value. The results can be used to
optimize technologies for growing sturgeon ju-
veniles and increase their viability in conditions
of intensive aquaculture.

Keywords: sturgeon farming, aquaculture,
fish feeding, recirculating aquaculture systems
(RAS), sturgeon juveniles, juvenile survival.

erpodoex 28 0i6 2odysanu Haynniamu Artemia
salina, 36azayeHUMU ninocomanbHUM rnpena-
pamom nnsiHOI onii 8nacHO20 8U20MOBIIEHHS,
y koHueHmpauisix 0,5 ma 1,0 mn/n. Ha dpyeo-
My emani MonioOb nepegoousiu Ha cmapmosull
Kombikopm, i3 88e0eHHsIM 00 cKnady JIsIHOI
onii 8 kinbkocmi 0,1% e6i0 macu 320008y8aH020
Kopmy. Bripodoex ekcriepumeHmie gusHadanu
memMnu pocmy, euxusaHicmb ma roKa3HU-
Kku T- i B-nimgpoyumapHoi naHKu iMmyHimemy.
JlinocomarnbHul npenapam 2omyeasnu 3 8UKO-
pucmaHHAaM simamiHy E ma neyumuHy Ha yrb-
mpa3sgykosomy ducrnepeamopi 3a yacmomu 35
y. Yei isuko-ximidyHi ymosu eupow,yeaHHs
pub eidnosidanu HopmMamueHUM 3Ha4YeHHSIM
O0ns peyupKynsauiliHUX akeakysrnbmypHUX CUC-
mewm (PAC) i3 cmepnsidoro.

Pe3synbmamu. Bcma+osneHo, wo 3acmo-
CcyB8aHHS1 JIIAHOI Onlii Cripusizio MOKpaweHHIo
pocmy ma euxusaHocmi monodi cmepisoi.
Uepes 28 0i6 cepedHst maca pub i3 docridHuUX
2pyn rnepesuujysana noKasHUKU KOHMPOIIO
Ha 10,7 ma 27,7%, a ixHa suxueaHicmb byna
suworo Ha 71,7 ma 76,2%. [lJo0asaHHs rfisiHOI
onii He BUK/IUKa/io Cymmeesux 3MiH 3a2allb-
Hoi' Kinbkocmi T- ma B-nimgboyumis, npome
cripusino 36inbWeHHK Yacmku ¢hbyHKUioHarlb-
HO aKmueHUX 8ucoKoagioHux T-nim¢poyumis i
3MEHWEHHIO KifTbKOCMI KITIMUH i3 HU3bKOKO pe-
uernmopHor akmusHicmtoo. OmpumaHi pe3yrib-
mamu y3200XXKylombCs i3 CydacHUMU ysiereH-
HAMU PO pofib Qa-rliHOMeHo80I ma JsliHonesoi
Kucnom y ¢hopmMy8aHHi cmpyKmypHO-yHKUio-
HarnbHO20 cmaHy MembpaH iMyHOKoOMIemeHm-
HUX KNimMuH, peaynauii ekcripecii membpaHHUX
peuenmopie ma nidmpumaHHi iMyHHO20 2ome-
ocmaasy.

Haykoea Hoeu3Ha. Bnepwe 0ocnioxeHo
8r1/1Uu8 J1inocoMasibHo20 npenapamy fIsHoI onii
Ha picm, euxusaHicmb ma @yHKUiOHanbHUU
cmaH T- | B-KnimuHHOI i 2ymoparnbHOi flaHoK
crieyugbiyHo20 imyHimemy mornodi cmepnsioi.

lMpakmu4Ha 3Hayvywjicmb. Pesynbmamu
MOXymb 6ymu euxkopucmaHi 0ns1 onmumisauii
mexHosoaili supoujysaHHsi Morio0i ocemposux
pub ma nidsuweHHs ix xummecmitikocmi e
yMogax IHmeHCUBHOI akeaKynbmypu.

Knroyosi crnoea: ocempisHuymeo, akea-
Kynbmypa, 200iens pub, peyupKynsauiiHi akea-
KynbmypHi cucmemu (PAC), monodb ocempis,
suxxusaHicms Morooi.
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PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

The regulation of the country’s large
rivers in the last century has made it im-
possible for sturgeon (Acipenseridae) spe-
cies to use the upper reaches for spawning,
which has become one of the main reasons
for the significant reduction in their popu-
lations in the wild. To maintain the abun-
dances of these valuable anadromous fish-
es, technologies of artificial reproduction
and raising of juveniles to viable stages
are used [1-3]. Stress factors associated
with intensive cultivation of sturgeon in
artificial conditions significantly affect
the development of the body’s resistance
at the initial stages of post-embryonic de-
velopment and are often accompanied by
increased morbidity and mortality [4-6].
In view of this, there is a need to develop
technological measures to increase the re-
sistance of the sturgeon body at the juve-
nile stages of development.

Unlike teleosts, the sturgeon body has
specific metabolic mechanisms for stabi-
lizing homeostasis, which are quite sensi-
tive to the conditions of existence in the
early stages of development. This is due
to the long-term development of elements
of the innate and adaptive immune system
[7].

Scientific studies over the last decade
shows that the use of auxiliary compo-
nents that have a biological effect in the
main diet can improve growth processes,
reduce mortality, and improve the physio-
logical and biochemical status of juvenile
fish, in particular sturgeons [8—11]. It has
been found that the quantity and ratio of
essential fatty acids, especially polyun-
saturated ones, are of great importance in
the early ontogenesis of sturgeons [12, 13].
These needs were met by adding the nec-
essary amount of fish oil to the feed. There
is considerable scientific interest in the use

MOCTAHOBKA NMPOBJEMM
TA AHAJII3 OCTAHHIX
JOCJIKEHD T MMYBJIKALII

3aperynoBaHHs BEJIUKUX PIYOK KpaiHU
y MHUHYJIOMY CTOJITTI MPHU3BENO JIO YHe-
MOJKJIMBJICHHST BUKOPHCTAHHS OCETPOBH-
Mu (Acipenseridae) BumamMu pud BEpXHiX
TEUill JUIsi HEPECTy, IO CTaJO OJHIEI 3
TOJIOBHUX TPHYUH CYTTEBOTO CKOPOUCH-
HA X momyssuii y aukid mpupoai. [ns
MIATPUMAHHS YHCENBHOCTI IUX IIHHUX
aHAJIPOMHUX BUJIB pPHO 3aCTOCOBYIOTH
TEXHOJIOTIi IMITYYHOTO BiITBOPSHHS 1 IMiJI-
POILIEHHS MOJIOJII 10 YKUTTECTIHKUX CTaIil
[1-3]. CtpecoBi YMHHMKH, IO OB’ sI3aH1
3 IHTEHCHBHUM BHUPOIIYBaHHSIM OCETPIB Yy
HITYYHUX YMOBAaX, CyTTEBO BIUIMBAIOTH Ha
(hopMyBaHHS OIIPHOCTI OpraHizmy Iie Ha
MMOYaTKOBHX eTanax I[oCcTeMOpioHAIBHO-
IO PO3BUTKY 1 YacTO CYNPOBOIKYIOTbCS
MIJIBUIIEHUM PiBHEM 3aXBOPIOBAHOCTI Ta
cMepTHOCTI [4-6]. 3 oAy Ha 1€, BUHU-
Kae morpeda B Po3poOIll TEXHOJOTTYHUX
3aXO/IiB 13 MiJIBUIIICHHS OMIPHOCTI OpraHi3-
My OCETPOBUX pUO Ha IOBEHAIBHUX CTaIi-
SIX PO3BHUTKY.

Ha BigmiHy BiJi KOCTHCTHX, OpTraHi3M
OCETPOBUX PHUO XapaKTepU3yeThCS CIie-
IUQGIYHUMHA METa0OMIYHUMK MeXaHi3Ma-
MU cTabinizauii romeocTasy, ki € J10CUTb
YYTJIIMBUMHU JIO YMOB iICHYBaHHS Ha paHHIX
eranax po3BuTKy. lle moB’s3aHO 3 TpuU-
BaJIIM y Yaci CTAHOBJICHHSM CJICMCHTIB
BPOJKEHOI Ta aJjanTUBHOI IMyHHOI CHUCTe-
mu [7].

HaykoBi ToCITiIPKEHHSI OCTaHHBOTO JIie-
CATWIITTS TMOKA3yOTh, 110 3aCTOCYBaHHS B
OCHOBHOMY DallioHi JOMOMIXKHHX KOMIIO-
HEHTIB, SIKI MPOSIBJISIFOTH O10JIOTIYHY JIifO,
JIO3BOJISIE TIOKPALUTH IPOLUECH POCTY,
3HHU3HUTH CMEPTHICTh, MOMIMIIHATH (i3i0J10-
riuHui Ta 610XIMIUHUH CTaTyC OpraHizmy
Moozl pud, 30kpema oceTpoBux [8—11].
3’4COoBaHO, 110 B PAaHHbOMY OHTOI€HE3i
OCETPOBUX PHO BXKJIMBE 3HAYCHHS MAIOTh
KUIBKICTH Ta CIIIBBIIHOIICHHS HE3aMIHHUX
KUPHUX KHCJIOT, OCOOJHMBO TIOJIHEHACH-
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of alternative vegetable oils not only as a
substitute for expensive fish oil, but also
as a factor in stabilizing lipid metabolism
[13, 14].

The attention of scientists is attracted
by linseed oil, which contains 50-60% of
the polyunsaturated fatty acid alpha-lino-
lenic acid (omega-3) and 15-20% of lin-
oleic acid (omega-6). In the body of stur-
geons, these acids, as a result of elonga-
tion and denaturation, are the basis for the
synthesis of such essential polyunsaturated
(omega-3) long-chain fatty acids as eicos-
apentaenoic (EPA: C20:5n3) and docosa-
hexaenoic (DHA; C22:6n3) [15, 16].

Many scientists have conducted stud-
ies on dosage, methods of administration,
and analysis of the effects of this oil on the
metabolism of fish juveniles. It has been
shown that the complete replacement of
fish oil with linseed oil in the feeding of
sturgeon hybrids (Acipenser baeri Brandt,
1869 x A. schrenckii Brandt, 1869) ju-
veniles did not have a negative effect on
growth, but led to adaptive metabolic
changes in the liver and blood fatty acid
profile [17]. Replacing up to 50% of lin-
seed oil in the diet of mullet (Mugil liza
Valenciennes, 1836) improved the body’s
antioxidant response in the muscles and
liver, and also had a positive effect on the
fatty acid composition of the muscles.
This caused a quantitative redistribution of
polyunsaturated fatty acids towards chain
elongation [18].

The use of linseed meal in feeding
previtelogenic female Siberian sturgeon
(Acipenser baeri Brandt, 1869) led to ac-
celerated oogenesis, positive changes in
lipid metabolism and contributed to the re-
structuring of the hormonal profile of their
body, affecting p-estradiol, testosterone,
follicle-stimulating hormone [19]. The in-
troduction of 1% linseed oil into the diet of
juvenile rainbow trout (Oncorhynchus my-
kiss Walbaum, 1792) had a stimulating ef-
fect on the activity of natural defense fac-

yerux [12, 13]. i morpedu 3abesmedy-
BaJIUCS BBEACHHIM B KOPMH HEOOXiTHOI
KUTBKOCTI pUO’S90TO >KHPY. 3HAUHE Hay-
KOBE 3aI[iKaBJICHHS BUKJIUKAE 3aCTOCYBaH-
HSl QIBTCPHATUBHUX POCIMHHUX ONIiH HE
JUIe SK 3aMiHHUKIB BHCOKOBAPTICHOTO
pu0’TI0TO JKUPY, e U K YMHHUKA CTaOi-
mizanii minigHoro oominy [13, 14].

VYBary HayKOBIIIB IIpHBEpTac JUISHA
oJ1is, 10 CKiIaay Kol y 06cs3i 50-60% Bxo-
JIUThH MOJIIHEHACHYCHA )KUPHA ab(a-IiHo-
neHoBa kucnora (omera-3) ta 15-20% —
JIiHOJIeBa Kuciiota (omera-6). B opranizmi
0CETPOBUX PUO LI KUCIIOTH, B PE3YNIBbTaTi
eJIOHTAIIIT Ta Jiecarypallii, € OCHOBOO JJIsi
CHUHTE3y TaKWX HE3aMiHHUX MOJiHCHACH-
yeHuX (omMera-3) JOBrOJAHIFOTOBUX JKUP-
HUX KHCJIOT, K eliko3aneHTacHoBa (EPA:
C20:5n3) Tta noxozarekcaecnoBa (DHA;
C22:6n3) [15, 16].

Bararbma HayKOBIISIME MPOBEICHO J10-
CIIJDKEHHS IOJI0 JIO3yBaHHSA, CHOCO0iIB
BBEJICHHS Ta aHAJi3y BIUIMBY Ili€l Olii Ha
MeTabonizmM mozoai pud. [lokazaHo, 1o
MOBHA 3aMiHa JUISTHOI OJi€0 pHO’sd0-
ro JKUpPY B TOJIBII Mosofi ribpuga oce-
Tpa (Acipenser baeri Brandt, 1869 x A.
schrenckii Brandt, 1869) He BuKIMKaia
HETaTUBHOTO BIUIMBY HA PICT, a IpHUBeE-
Ja 10 aJanTUBHUX METa0OJIYHUX 3MiH y
MIEYiHIll Ta B JKUPHOKUCIOTHOMY Tpodimi
kposi [17]. 3amina go 50% mistHOT Omii B
parioni kedani (Mugil liza Valenciennes,
1836) n03BONMIO MOKPAIIUTH AHTUOKCH-
JIAHTHY BIIMOBIb OPraHi3My B M’s3aX Ta
MIEYiHIli, @ TAKOXK TIO3UTUBHO BIUIMHYJIO HA
KUPHOKHUCIIOTHUH ckiaa M si3iB. Lle cripu-
YMHWIO KINbKICHUM Iepepo3noaii NomiHe-
HAaCHYCHUX JKUPHUX KUCIOT y OiK BHUIOB-
JKeHHs Jianiora [18].

3acTocyBaHHS JULTHOTO IIPOTY B TOMIB-
JIi IPEeBITETIOreHIYHUX CaMUIb CHOIPCHKO-
ro ocetpa (Acipenser baeri Brandt, 1869)
MIPUBOMIIO IO IPHUIIBUIIICHOTO OBOTCHE-
3y, MO3UTHBHUX 3MiH B JIMIJTHOMY OOMiHi
Ta CHPUSUIO MepeOynoBi TOPMOHAIBHOIO
npo¢iaro 1X OpraHi3My, BIUTMBAKOYM Ha
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tors, in particular phagocytic and lysozyme
activities, and also contributed to an in-
crease in the expression of cytokine genes
[20]. Studies on sea bass (Y Epinephelus
fuscoguttatus x & Epinephelus lanceola-
tu) have shown that a positive replacement
of fish oil with vegetable oils in the diet
can occur provided that the composition
and amount of fatty acids included in the
feed fats are taken into account. However,
in excessive amounts, vegetable oils can
contribute to damage to the histostructure
of hepatocytes, while simultaneously re-
ducing the expression of the transcription
factor inducer Nrf2 and inducing the ex-
pression of anti-inflammatory factors in
the kidneys [21].

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Studies into the standardized use of
vegetable fats, including linseed oil, in the
diet of sturgeon fish juveniles to strengthen
their body’s resistance is a pressing issue.
Sturgeon juveniles grown in recirculating
aquaculture systems (RAS) in the early
stages of their post-embryonic develop-
ment feed on Artemia nauplii, which at
the same time can serve to transfer fats,
in particular linseed oil, necessary for the
full development of fish. Despite the rele-
vance of the problem, detailed studies of
the latter’s impact on the body of sturgeon
juveniles have not been conducted, and
some works are fragmentary and do not
fully reveal the metabolic reactions that
underlie the growth and stabilization of
homeostatic processes of the body. Thus,
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B-ecTpaion, TECTOCTEPOH, (POIIKYIOCTH-
MynoBanbHUM ropmoH [19]. BBenenHs
JI0 paiioHy MOJOAI paiykHOi (opem
(Oncorhynchus mykiss Walbaum, 1792)
JUITHOI omii B KimbKocTi 1% 3ymoBMIIO
CTHMYJTIOBAJIbHUI BIUIUB HAa AKTHBHICTh
MPUPOTHUX YMHHHKIB 3aXHUCTy, 30KpeMa
GarorUTapay Ta Ji30IUMHY aKTHBHICTb,
a TaKoX CIPHSIO IiJBHICHHIO EKCIpe-
cii reniB nutokiniB [20]. JdocmimkeHHs-
MH Ha MOpCHKHX OKyHsX (S Epinephelus
fuscoguttatus * & Epinephelus lanceolatu)
MIOKa3aHo, IO TIO3UTHBHA 3aMiHa POCIINH-
HUMHU OJISIMU PUO’SY0ro KUPY y palioHi
MOXe BIJIOyBaTucs 3a yMOBH BpaxyBaH-
HSl CKJIAJy Ta KUIBKOCTI YKUPHUX KHCIOT,
SIKI BXOJISITH JIO CKJIAJy KOPMOBHX JKHPIB.
[pote, B HAAMIPHUX KITBKOCTSX POCIIUH-
Hi OJIii MOXYTh CHPHATH TOIIKOKCHHIO
TiCTOCTPYKTYpH TeaTOIMTIB, OJHOYACHO
3HIDKYIOUHM EKCIIPECito 1HIYKTOpa TpaH-
ckpumiiifHoro ¢akropa Nrf2 Ta iHIyKYy!O-
YK eKCIPECII0 MPOTHU3aNAIbHUX YHHHHUKIB
y HUpKax [21].

BUAIVTIEHHA HEBUPIINEHMNX
PAHIIIE YACTHUH 3ATAJIBHOI
HNPOBJIEMU. META POBOTH

JocnigkeHHsT HOPMOBAHOTO 3acTOCY-
BaHHS POCIMHHUX JKHPIB, y TOMY YHCII
JUISTHOT OJIii, B pallioHi MOJIOZI OCETPOBUX
pub ISt 3MIITHEHHS OIIPHOCTI 1X OpraHi3-
MY € aKTyaJbHUM ITHTaHHIM. Mooab oce-
TPOBUX, Ky BUPOILIYIOTh B PEIIPKYJISAIIiH-
HuX akBakynbTypHux cucremax (PAC), na
paHHIX eTanax CBOTO MOCTeMOpiOHATBHO-
TO PO3BUTKY JKUBUTHCS HAYIUTISIMHU apTe-
Mii, 0 BOAHOYAC MOXKYTh CIIyTYBaTH JUIS
TpaHcdepy HEOOXIAHUX Ui MOBHOL[IHHO-
IO PO3BHUTKY pUO KHPIB, 30KpeMa JIISTHOT
onii. [Tonpu akTyalbHICTh MPOOIEMH, Jie-
TaJbHUX JOCHI/DKCHb BIUIMBY OCTAaHHBOI
Ha Oprai3M MOJIOJI OCETPOBUX PHUO HE
MIPOBEJICHO, a OKpeMi poboTu € (parmen-
TapHUMHU 1 HE PO3KPUBAIOTH MOBHOIO Mi-
POX0 METa0ONIYHUX PEaKIIiid, SKi JeKaTh
B OCHOBI pocTy Ta cralinizalii romeocTa-
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an unresolved problem of modern sturgeon
farming in general, and sturgeon feeding in
particular, is the question of the feasibili-
ty of using linseed oil in the diet in order
to increase the resistance of the fish body,
which is achieved by appropriate changes
in their metabolism.

The aim of the work was to determine
the effect of linseed oil in the diet of sterlet
(Acipenser ruthenus Linnaeus, 1758) juve-
niles on growth and survival, as well as the
state of T- and B-cell mechanisms of spe-
cific defense, which significantly affects
the body’s resistance.

MATERIALS AND METHODS

The study was carried out using the
material and technical base of the Insti-
tutes of Fisheries and Animal Biology of
the National Academy of Agrarian Scienc-
es of Ukraine, the Institute of Ecology of
the Carpathians of the National Academy
of Sciences of Ukraine, as well as the S.
Z. Gzhytsky Lviv National University of
Veterinary Medicine and Biotechnology.

The object of the study was sterlet lar-
vae and fry. Accordingly, before the start
of the study, the prelarvae of this sturgeon
species were divided into three groups,
1000 individuals in each. Each of them
was stocked for cultivation in tray tanks of
a recirculating aquaculture system (RAS)
of the Lviv Research Station of the In-
stitute of Fisheries of the NAAS, with a
stocking density of 800 ind./m?.

The study was initiated at the 43rd
stage of postembryonic development of
sterlet and was carried out in 2 stages, last-
ing 28 and 50 days, respectively. At the
first stage of cultivation, 2 experimental
and 1 control group of fish were involved,
at the second stage — 1 experimental and 1
control group.

At the first stage, sterlet larvae and
fry were fed with Artemia salina nauplii
enriched with a liposomal preparation of

THYHHUX TIPOIIECIB OpraHizMy. Takum 4u-
HOM, HEBUPIIIEHOO MPOOJIEMOI0 Cy4acHO-
IO OCETPIBHMIITBA 3arajioM Ta TOJIBIII OCe-
TPOBUX 30KpEMa € MUTAHHs JOIIFHOCTI
3aCTOCYBaHHs JUISHOI OMii B paIfioHi 3
METOIO Mi/IBUIIEHHSI OMIPHOCTI OPraHi3My
pHuO, MO JOCATAETHCS BiMOBIIHUMH 3Mi-
HaMH y iX MeTabomni3mi.

Meta poboTtu monsirana y 3’siCyBaHHI
BIUIMBY JUISTHOT OJii y panioHi MOJIOAi CTep-
nsni (Acipenser ruthenus Linnaeus, 1758)
Ha PICT 1 BIJKMBAHICTb, a TAKOXK cTaH T- i
B-KITITHHHAX MEXaHI3MIB CIIEIU(PIIHOTO
3aXMCTY, 110 3HAYHOIO MipOI0 BIUIMBAE Ha
OTIPHICTH OpTaHi3My.

MATEPIAJIN TA METOAH

JlocnipkeHHsS 31MCHEHO 3 BHKOpHUC-
TaHHSAM MarepiajibHO-TeXHI4HO1 0a3u IH-
CTUTYTy PpHOHOTO TrocronapcTsa Hariio-
HaJIBbHOT akaJeMii arpapHuX HayK YKpaiHu,
IHcTuTyTy Glonorii TBapuH HarionansHOT
akajeMii arpapHUX HayK YKpaiHu, IHctu-
TyTy exonorii Kaprar HamionansHoi aka-
nemii Hayk YkpaiHu, a Takox JIbBIBCHKOTO
HAI[IOHAJIPHOTO YHIBEPCUTETY BETEPHHAP-
HOT MenuIUHM Ta 6ioTexHonorii im. C. 3.
[ KHIBKOTO.

OO0’ €KTOM JOCTIIKEHHS Oy JINYMHKH
Ta MaJbKH crepisai. BimnoimHo, mepen
MOYATKOM JIOCIHIDKCHHS TePeITHINHKH
[ILOTO BUJYy OCETPOBHX pUO Oysu po3isie-
Hi Ha TpH rpynu, o 1000 ex3. B KOXKHiM.
Koxny 3 HEX Oymno mOcajpKeHO Ha BHPO-
IIyBaHHS y JIOTKOBI OaceWHU pPEeIMpPKYJIs-
miiHOi akBakynbTypHOi cuctemu (PAC)
JIbBiBCHKOI nocmigHOl craHIii [HCTUTYTY
pubHOTO TocniogapcTa HAAH, 31 niinbHi-
ctto (rycrororo) mocaaku 800 ex3./m>,

Hocnipkenns Oyio posmodaro Ha 43
craaii MOoCTeMOpPiIOHANBHOTO  PO3BUTKY
CTEepIIsINl Ta 3IIHCHEHO y 2 eTalu TpUBa-
mictio 28 Ta 50 mi6 BignosigHo. Ha mep-
IOMY eTar BHPONIYBaHHS OyJIOo 3allisHO
2 nocnigHuX Ta | KOHTPOJIBHY TpyIy puo,
Ha Jipyromy erani — 1 gociinny Ta 1 KoH-
TPOJIBHY.
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linseed oil at concentrations of 0.5 and 1.0
ml/L for 28 days. In the second stage, the
juveniles were transferred to a commercial
starter feed enriched with linseed oil and
fed it for 50 days.

From the beginning of exogenous feed-
ing of sterlet larvae, they were fed with Ar-
temia nauplii, which were at the first and
second stages of development. The latter
were enriched with a liposomal prepara-
tion prepared by the authors of this study
based on commercially produced linseed
oil of standard composition. The formation
of a liposomal emulsion for enrichment
was carried out on an ultrasonic disperser
at a frequency of 35 Hz [25].

Enrichment of Artemia nauplii with li-
posomal preparation was carried out in two
concentrations — 0.5 ml/L (experiment 1)
and 1.0 ml/L (experiment 2) of the incuba-
tion mixture. For the control group of fish,
Artemia nauplii were prepared similarly to
the experimental ones without adding lin-
seed oil. One ml of the above-mentioned
liposomal preparation contains 0.1 g of
linseed oil. In addition, according to the
technology of formation of this drug, 0.01
mg of vitamin E (a-tocopherol) was added
as an antioxidant and 5 mg of lecithin to
maintain the stability of liposomes. Feed-
ing of sterlet larvae and fry was carried out
six times during the day.

Enrichment of Artemia nauplii with
linseed oil preparation lasted for 6 hours
at a temperature of 7.0+£1.0°C. The condi-
tions for growing sterlet corresponded to
generally accepted standards for RAS sys-
tems in fish farming. The duration of the
first stage of the experiment was 28 days.

Experimental feeding was initiated
after the onset of swarming, which corre-
sponds to the 43rd stage of prelarval de-
velopment, when their olfactory buds were
well developed and the distal sections of
the intestine were freed from melanin res-
idues.

Ha nepriomy eTarni JTUYWHOK 1 MaTbKiB
CTEepJIsiIli BIPOAOBXK 28 /110 ToayBaiu Ha-
yIutissMu apremii (Artemia salina), 36ara-
YSHUMH JIITIOCOMAITBHUM ITPErapaToM JuIs-
HoT ol y koH1eHTpariisx 0,5 ta 1,0 mu/m.
Ha npyromy erari MOJIOIb IEPEBOAMIN HA
KOMEPIIHHUEI cTapTOBHI KOMOIKOpM, 30a-
ravyeHHil JUISTHOIO OJI€I0, Ta 3TOIOBYBAJH
yoro 50 xi0.

Big moyarky €K30T€HHOTO >KUBIICHHS
JIUYAHOK CTEpIISAIl TOMYBalW HAYILTISIMH
apreMii, SIKi 3HAXOAWIUCS Ha HepIIii Ta
JIpyTii cTamisx po3BuTKy. OcTaHHI 30a-
ravyyBajd JIIIOCOMAJBbHUM MpPEIapaToMm,
BUTOTOBJICHUM aBTOPaMH JAHOTO JOCIIi-
JUKEHHSI Ha OCHOBI JUISTHOT OJTii KOMepIiid-
HOTO BUPOOHHIITBA CTAHAAPTHOTO CKIIAITY.
YTBOpEHHS JIMOCOMATbHOI eMYNbCIl Jist
30aravyeHHs 3/IIHCHIOBAJIN Ha YIIbTPa3BYKO-
BOMY Aucnepraropi 3a yactoru 35 'y [25].

30arayeHHs HayIDIii apremii JImoco-
MaJIbHUM TPENapaTtoM MIPOBOAMIU B IBOX
KoHIIeHTparisx — 0,5 ma/i (nocmia 1) ta
1,0 mu/1 (mocmiza 2) iHKyOamiiHoi cymini.
Jisi KOHTpOJIBHOT Tpynmu pUO TOTYBaIH
Haymuiii apremii aHaJOTi4HO JIOCIiTHUM
0e3 nmomasaHHA JuitHOI omii. B 1 mur Bu-
Ie3raJJaHoro JIM0COMAaJIbHOTO Mpenapary
Mictutbes 0,1 T yusHOT omii. OkpiM TOTO,
3riZIHO 13 TEXHOJIOTI€I0 YTBOPEHHS ILIbOTO
npernapary, nogaBaim 0,01 mr Bitaminy E
(a-Tokoepoi) Kk aHTHOKCUIAHTY Ta 5 MT
JCIUTHHY 3 METOIO IMiATPHMAHHS CTajo-
cTi ninmocoM. [ONiBIIO JTMYMHOK Ta Majb-
KIB CTEpIIs/l 3IMCHIOBAIM IECTHPA30BO
BIIPOJIOBX 100U.

30arayeHHs HayIuiiii apremii mpera-
paroM JUISIHOT OJii TPHBAJIO MPOTArOM 6
ronuH 3a Temneparypu 7,0+1,0°C. YmoBu
BUPOILYBaHHS CTEPJsLi BiANOBiAAIM 3a-
TJILHONPUHHATAM y PUOHHIITBI HOpMaM
st cucremM PAC. Tpupamicts mepuioro
eTaIry eKCIIepUMEHTY CTaHOBHIIA 28 JTi0.

ExcnepumeHTansHy —TofiBmi0  Oyio
pO3II0YaTO MICHs HACTAHHS POTHHSA, IO
npurnajae Ha 43 cTajiito pO3BUTKY Nepe-
JIUYMHOK, KOJIM y HHUX J0oOpe PO3BHHYTI
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During the process, the daily weight
gain and survival rate were determined us-
ing the formulas below [8]:

DWG — LnWt— LnWo

%100,
where: DWG — weight gain (%/day);
Wt — final weight (g);

Wo — initial weight (g);

t — period of time (day).

SR = ﬂ %100,
No

where: SR — survival (%);

Nt — final number of fish (individuals);

No — initial number of fish.

To study the number of T and B lym-
phocytes and determine their functional
activity in the blood of sterlet juveniles,
fish from experiment No. 2, which were
fed with Artemia enriched with linseed
oil, were transferred to dry commercial
starter feed (CSF). It had a protein content
of 54% and a fat content of 15%. It was
enriched with linseed oil in the amount of
1 ml of liposomal preparation per 100 g of
feed or 10 ml of preparation / 1 kg of feed,
which was equal to a linseed oil content
of 0.1% of the feed weight. This feed was
prepared by applying a liposomal prepa-
ration to the surface of the granules, after
which it was dried at room temperature
and fed for 24 hours. Feeding lasted for
50 days. Fish from the control group re-
ceived CSF without the addition of lin-
seed oil.

Upon completion of the second stage
of the experiment, blood taken from
the tail vein of sterlet juveniles from
all groups was stabilized with hepa-
rin and the total number of T-lympho-
cytes (E-RUL) and their populations and
B-lymphocytes (EAS-RUL) were deter-
mined using the spontaneous rosette re-
action described by us in the reference
book [20, 21]. The functional activity

HIOXOBI ITyII’SIHKH Ta JHUCTATbHI JTUISHKH
KUIIIEYHHUKA 3BIIBHUIKCSA BiJ MeJaHiHO-
BHX PEIITOK.

Y mporeci MPOBEACHHS BH3HAYAIN
JIOOOBHI TEMIT pOCTY Ta BHXKHBAHICTh 3a
HWKYeHaBeJCHUMHU Gopmynami [8]:

DWG — LnWt — LnWo

%100,

ne DWG— temn pocty (%/n006y);

Wt— kinnesa maca (r);

Wo — mouarkoBa maca (T);

t — mepiof yacy (1i0).

SR = N %100,
No

ne SR — BmxkuBaHicTh (%);

Nt — kiHIeBa KUTbKICTh pub (€K3.);

No — mouarkoBa KUIbKICTb puo.

s mocmimkeHHs kimpkocTi T- 1
B-mimMdonuTiB Ta BU3HAYCHHS X (QYHKIIIO-
HaJIBHOT aKTUBHOCTI y KPOBI MOJIOZII CTEp-
nsal pub i3 gocmigy Ne 2, sKMM 3rOfIOBY-
BaJiM apremilo, 30aradeHy JUISHOIO OO,
OyJ10 TIepeBeNICHO Ha CyXWH KOMEpPIHHUN
craproBuii kopM (CK). Y HpOMY BMiCT 0iJ1-
Ka craHoBUB 54%, a BMicT xupy — 15%.
Voro 36aradyBanu JISHOIO OJTi€i0 B Killb-
KocTi 1 MJI JIOCOMANIbHOTO Mperapary
Ha 100 T kopmy, abo x 10 mu mpenapary
Ha | Kr KopMy, IIO JOPiBHIOBANO BMICTy
mstHOT onii Ha piBHi 0,1% Bix Macu KopMmy.
[IpuroryBaHHs IILOTO KOPMY BimOyBasrocs
[IISIXOM HAaHECEHHSI JIITOCOMaIFHOTO TIpe-
naparty Ha MOBEPXHIO TPaHyJ, Micis 40To
HOro BHCYIIYBAIU MPH KIMHATHIA TeMIie-
parypi i 3roJJOByBaJid IPOTAroM joou. [o-
IiBJIsI TpuBayia BpoaoBx 50 ni6. Pubu 3
KOHTpOJbHOI Tpynu oTpumyBanu CK 6e3
JIoJaBaHHA JUISIHOL OJIil.

[Ticnst 3aBepieHHS Jpyroro eramy
eKCTIICPUMEHTY y KpOBIi, SIKy BinOHpayn
3 XBOCTOBOI BEHU MOJIOJI cTepiisiii 000X
Ipym, cTabini3yBagu TremapuHOM, BH3Ha-
Yalld 3arajibHy KUIbKiCTh T-JiM(OIHTIB
(E-PYJI) Ta ixnix momymsmiit i B-mimdo-
uutiB (EAC-PVYII) 3a nonomororo peaxirii
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of the cell was assessed by the number
of erythrocytes adsorbed on the surface
of the lymphocyte. The relative number
of total rosette-forming T-lymphocytes
(TE-RFL) and active rosette-forming
lymphocytes (TA-RFL) was determined.
Lymphocytes were washed with buffered
saline, pH 7.3. The mononuclear cell frac-
tion was isolated from heparinized sterlet
blood. The smears were dried, fixed with
methanol and stained for 7 min according
to Romanovsky-Giemsa [22]. Lympho-
cyte populations were distinguished by
the number of attached erythrocytes as
follows:

— 0 erythrocytes — “zero”, low-avidity
lymphocytes with no surface receptors;

— 3-5 erythrocytes — poorly differenti-
ated, low-avid lymphocytes, or cells with a
low density of surface receptors;

—6-10 erythrocytes — medium-avid
lymphocytes;

—more than 10 erythrocytes (M — mor-
ula) — highly differentiated, highly avid
lymphocytes.

Theophylline-resistant helper lympho-
cytes are able to form rosettes after their
incubation with theophylline. T-helpers
were identified by the presence of recep-
tors for class M immunoglobulins on their
surface, and T-suppressors were identified
by the presence of class G immunoglob-
ulins on their surface. The relative num-
ber of B lymphocytes was determined
by the method of identifying membrane
immunoglobulin receptors that provide
attachment of indicator cells to their sur-
face [23]. The latter contain a comple-
ment-antigen complex (EAC-RFL) on
their surface. Indicator cells were sheep
erythrocytes sensitized with antibodies
and complement.

Obtained data was processed using var-
iational statistics methods using Excel and
Statistica 12.0 programs. The probability
of differences in results was determined
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CIIOHTAHHOTO PO3ETKOYTBOPCHHS, OIIHCa-
HOI HaMHU y NOBIIHUKY [23, 26]. 3a Kijb-
KICTIO EpUTPOINTIB, aIcopOOBaHUX Ha
MOBEPXHI JIM(QOINTA, OLIHIOBATH (YHK-
[IOHAIIbHY AaKTHUBHICTh KIITHHH. Bu3Ha-
YaJgi BITHOCHY KiJBKICTh 3arajbHUX pPO-
3eTKoyTBOproBanbHuX T-mimponuris (TE-
PVJI) i1 akTHBHUX PO3ETKOYTBOPIOBAIbHUX
nimpouutiB (TA-PYII). Jlimpouutu Bin-
MuBaiu Oy(pepHIM (i310IOTIYHAM PO3UH-
HOM, TOka3HuK pH sikoro cranoBuB 7,3.
MoHoHyKiIeapHy (pakifiro KIITHH BHII-
JISUTH 3 TeIapuHI30BaHOI KPOBI CTEPIISII.
Masku BUCYNIIyBaIH, (IKCYBaJIA METaHO-
noM 1 (apOyBanmu 7 XB 32 PoMaHOBCEKHM
— T'imzoro [22]. Homymsmii miMponnTis
PO3PI3HAIM 3a KUIBKICTIO MPHUEIHAHUX
€PUTPOIUTIB HACTYITHUM YHHOM:

— 0 epuUTpPOLUTIB — «HYIbOBI», HU3b-
KOaBiHI JTIM(OUUTH 3 BIACYTHIMH IIO-
BEPXHEBUMH PELETITOPAMH;

—3-5 eputpouutie — manogupepeH-
iHOBaHI, HU3bKOABIIHI JIM(pOIHUTH abo
KIITHHA 3 MaJOl0 MIUIBHICTIO TOBEPXHE-
BHX PEIICNITOPIB;

— 6—10 epuTpoNHMTIB — CceperHbOABI -
Hi JtiMboruTy;

— Ginpre 10 epurporutis (M — mMopy-
J1a) — BUCOKOIU(EepeHIIiiioBaH1, BHCOKOA-
BiJIH1 TIM(OIHUTH.

Teodininpe3ucTeHTHI nimdouu-
TU-XEJINIEPU 3/1aTHI YTBOPIOBATU PO3ETKH
micnd iX 1HKyOarii 3 Teodiminom. T-xemnme-
pM BU3HAYAIH 3aBISIKH HAsSBHOCTI Ha iX
MMOBEPXHI PEIENTOPIB 10 IMyHOIIIOOYITiHIB
kinacy M, a T-cynpecopu — 3aBAsIKH HasiB-
HOCTI Ha TXHIi TOBEpPXHI IMyHOTJIOOYITiHIB
knacy G. BigHocHy KinbKicTh B-mimdoru-
TiB BU3HAYaJM 32 METOAOM ineHTH]iKamii
MEeMOpaHHHUX IMyHOIIOOYTiIHOBHX peleln-
TOpiB, MO0 3a0e3MeuyloTh NpPUETHAHHS
JI0 CBO€I MOBEPXHI IHAWKATOPHUX KIITHH
[23]. OcTanHni MicTATh Ha CBOil MOBEPXHi
KoMIuIeMeHT-anTureH-komiuieke  (EAC-
PVJI). InaukaTopHUMHU KIITHHAMU CIIYTY-
BaJIA SPUTPOLUTH OapaHa, CCHCUO1Ti30Ba-
Hi aHTHTLIAMH 1 KOMILIEMEHTOM.
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Fig. 1. The effect of linseed oil on the growth dynamics of sterlet. * — significant-
ly difference with the control group at p < 0.05

using one-way analysis of variance (ANO-
VA) using Tukey’s test [24].

STUDY RESULTS
AND THEIR DISCUSSION

Sterlet larvae and fry have a great
growth potential in the first weeks of
life, initially reaching 15 to 30% of body
weight gain per day. The unfolding of this
potential under the action of linseed oil is
seen in Figure 1.

Feeding with artemia enriched with
linseed oil helps improve growth process-
es. For example, after 14 days of experi-
mental feeding, the average fish weight in
experimental groups No. 1 and No. 2 was
higher than in the control group by 17.1
and 21.1%, respectively. After 21 days, the
same trend continued in the experimen-
tal groups — the average weight of sterlet
fry was higher than the control by 14.0
and 27.4%, respectively. At the end of the

Hudposuit matepian omnpauboByBa-
JM METOAAaMH BapiallifHOi CTaTUCTHKU 3
BUKOpPHUCTaHHAM nporpam «MS Excel» ta
«Statistica 12.0». BiporignicTs BiAMiH-
HOCTI pe3yNbTaTiB 3’sCOBYBaJHM 3a JIOIO-
MOT0I0 OHO(AKTOPHOTO UCTIEPCIHHOTO
ananizy (ANOVA) i3 3aCTOCyBaHHSAM KpH-
tepiro Throki [24].

PE3YJIBTATU JOCJIIXEHb
TA IX OBI'OBOPEHHS

YV ITUYHMHOK Ta MaJIbKiB CTEPIISIl B TIep-
111 THXKHI KUTTS ICHY€E BEJTMKHN TOTEHIIIAN
pocTy, KM Ha MOYaTKy csrae Bix 15 mo
30% mpupocty Macu Tina 3a 00y. Posz-
KPHUTTS IHOTO TOTEHINATY 3a Iii JUITHOL
oI1ii BUIHO Ha PUCYHKY 1.

Tonminst apremiero, 30aradeHor0 JUIs-
HOKO OJI€I0, CIpHsIE€ MOKPAIIEHHIO MPO-
neciB pocry. Tak, gepe3 14 ni06 excrepu-
MEHTAJIbHOI TOJIBII CepeiHs Maca puod
nmocriaaux rpyn Ne 1 ta Ne 2 Oysa BHIIOO
BITHOCHO KOHTPOJBHOI rpynu Ha 17,1 Ta
21,1% Biamosiano. Yepes 21 100y y no-
CITHUX TPyIHax MPOJOBKYBaIacs Ta XK
TEH/ICHIIISI — CEePEIHS Maca MaJIbKiB CTep-
nsii Oyna BHIOIO BiTHOCHO KOHTPOJBHOL
Bignosigno na 14,0 1 27,4%. Ha gac 3a-
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first stage of the experiment on day 28, the
average weight of sterlet of the first and
second experimental groups was 0.311 £
0.032 g and 0.359 £ 0.043 g and was 10.7
and 27.7% higher, respectively, compared
to the control group. Feeding with live
foods enriched with linseed oil promot-
ed the effective functioning of the body’s
metabolic homeostasis and had a stimulat-
ing effect on the sterlet weight gain.

The first seven days of experimental
feeding with linseed oil were marked by a
significant increase in daily weight gains
in both experimental groups, with the ef-
fect of the lower concentration being more
significant.

In experimental group No. 1, average
daily gains were on average 30.6% higher
compared to the control group (Fig. 2).

However, during the next 21 days of
the experiment, no significant difference
was recorded between the average daily
weight gains of sturgeons from this and the
control groups. Obviously, the final result
of the experiment, which manifested itself
in a likely higher average weight of sterlet
in experiment No. 1, was due to the initial

16.00 - * *

%/day

14.00

-
Ss. -

12.00 A

BEPIICHHS IEPIIOTO eTaIy eKCIePHUMEHTY,
Ha 28 100y, cepenHsl Maca CTepisiIi mep-
101 Ta JAPYTO1 TOCHITHUX TPYI CTAHOBHIIA
0,311 £ 0,032 r Ta 0,359 £+ 0,043 r i Oyna
Bigmosigno Ha 10,7 Ta 27,7% BuIoOI0 Bijg-
HOCHO KOHTPOJIbHOI. BcTaHOBIEHO, IO
TOMIBIISl JKUBAMH KOpMaMH, 30aradeHu-
MU JUISHOIO OJi€I0, crpusie e(heKTHBHOMY
(YHKIIOHYBaHHIO METa0OJIIYHOTO TOMeE-
0CTa3y OpraHi3My i 3yMOBIIOE€ CTUMYIIO-
BaJILHUH BIUTUB HA TEMITH POCTY CTEPIISII.

IMepmi ciM Ai0 excrnepUMeHTaIbHOT
TOMIBJIl JUISHOIO OJIIEI0 BIJ3HAUYWIUCS Bi-
POTiAHUM TiABHUIIEHHSIM TOOOBHX TEMIIIB
pocty B 000X TOCHIAHHUX Tpymax, IpuJo-
MY [lisl MCHIIIOT KOHIICHTPAIIiT IPOsBUIIACS
OUTBIII CYTTEBO.

VY nocnigniii rpyni Ne 1 cepenabono6o-
Bi mpupocTH Oy B cepenaboMy Ha 30,6%
BUIIUMH BIJTHOCHO KOHTPOJBHOI TPyIH
(puc. 2).

Haromicts, ynpomoex HacTynmHux 21
IO eKCTICpUMEHTY BIpOT1IHOT PI3HUII MK
MOKa3HUKAMHU CEPEIHBOJ000BHUX MPUPOC-
TiB OCETPOBUX PHO i3 Ii€i Ta KOHTPOIBHOT
rpyn He 3adikcoBaHo. BoueBuib, KiHIle-
BHUIl pe3yJIbTaT €KCIEPUMEHTY, SIKHU IpO-

- = =0.5ml/l
— — 1.0 ml/I

Control

10.00 -

8.00 -

6.00 -

4.00 -

2.00 -

0.00 T
7 14

T T 1

21 28 days

Fig. 2. The effect of the using of linseed oil in sterlet diet on the dynamics of av-
erage daily weight gain of sterlet (%/day). * — difference is significant at p < 0.05
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intensive growth of the body during the
first seven days of using linseed oil, which
was confirmed by the analysis of the daily
weight gain during this period.

In experimental group No. 2, where
sterlet received linseed oil at a concentra-
tion of 1.0 ml/L along with food organisms,
the body weight gain of fish after the first
seven days increased by only 5.6% com-
pared to the control group. It was found
that the maximum effect of the supplement
was manifested after 14 days, when the
average daily gains exceeded the control
group by 22.2%. After 21 days, no signif-
icant differences were found between the
experimental group and the control group
in terms of average daily weight gains.

The results of the analysis of the ef-
fect of linseed oil on the survival of sterlet
larvae and fry are shown in the diagram
(Fig. 3).

During the first 14 days, no significant
differences were found in the survival
rate between the experimental and control
groups of sterlet larvae and fry. Howev-
er, there is a noticeable trend towards in-
creased mortality in the control group of
fish. After 21 days, an increase in viabil-

SIBUBCSI y BIPOTIMHINA OUIBIII cepeaHii
Maci crepisiai gociigy Ne 1, 3yMoBieHHiA
CTapTOBHM IHTEHCHBHHM POCTOM OpTaHi3-
My BIPOAOBXK MEPIIMX CEMHU Ji0 3acToCy-
BaHHS JUISTHOT OJIi1, IO ¥ MATBEPIUKYEThCS
aHaJi30M J000BOrO TEMIy POCTYy y Il
Tepiot.

VY pocnipniit rpymi Ne 2, ne crepnsaab
OTpHMYyBaja pa3oM i3 KOPMOBHMH Opra-
Hi3MaMu JIUISIHY ONil0 B KoHIeHTpauii 1,0
MJI/IT, TIPUPICT MacH Tija pubd Micis rmep-
muX ceMu Ai0 3pic nume Ha 5,6% BigHOC-
HO KOHTPOJIbHOI rpynu. BecranosneHo, 1o
MaKcUMalbHUN e(eKT TOOaBKU TPOSBUB-
cs depe3 14 nib, ko cepenHboI000Bi
MPUPOCTH MEPEBUIIYBAIH MOKA3HUKU KOH-
TponbHOI Tpynu Ha 22,2%. [licas 21 mobu
I0/I0 CEPeAHbOIO00OBUX MPUPOCTIB pUO
He OyJI0 BCTAHOBJICHO BIpOTIIHUX BiIMIH-
HOCTEH MK TOCIIITHOIO TPYTOI0 CTOCOBHO
KOHTPOJIBHOI.

PesynpraTu aHanizy BIUIMBY JUISTHOT
oJlii HAa BMKMBAHICTh JIMYMHOK Ta Majlb-
KiB CTepisiii BimoOpakeHO Ha Jiarpami
(puc. 3).

VYoponorxk nepmux 14 1i6 He BUsBIIE-
HO BIPOTITHUX BIJIMIHHOCTEH y BEJIMYHHI
BIDKMBAHOCTI MIDXK JIOCHIITHUMHU Ta KOH-
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Fig. 3. The effect of linseed oil on the cumulative survival rate of juvenile sterlet,

%. * — difference is significant at p < 0.05
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ity was observed in the two experimental
groups, by 26 and 32%, respectively, com-
pared to the control. At the end of the first
stage of the experiment, survival in the two
experimental groups was higher than the
control group by 71.7 and 76.2%.

Apparently, the use of linseed oil in live
feeds increases the body’s resistance to
stress caused by intensification of cultiva-
tion. Linolenic acid has membrane-protec-
tive, angioprotective, anti-atherosclerotic
and immunomodulatory functions, and
its metabolites participate in the hormo-
nal regulation of the body. Its intake dur-
ing the period of metabolic restructuring,
when the fry stage is formed, contributes
to the efficient functioning of metabolism
to maintain homeostasis in the larval body
[20].

These data are consistent with the re-
sults of studies of the effect of polyunsatu-
rated fatty acids on the growth, morphol-
ogy and metabolism of larvae and fry of
Russian sturgeon (Acipenser gueldens-
taedtii Brandt & Ratzeburg, 1833). For
example, its juveniles were fed with Arte-
mia nauplii enriched with polyunsaturated
fatty acids — eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA). After
22 days of using this product, the average
body weight in the experimental group sig-
nificantly increased by 23.1% compared to
the control group, and body length also
increased by 7.2% [5]. A similar increase
in average body weight was observed in
a study of the effect of fats with different
contents of docosahexaenoic and eicosap-
entaenoic acids on the growth and survival
of Persian sturgeon (Acipenser persicus
Borodin, 1897) [27]. Among the fats stud-
ied were fish oils derived from sturgeon
eggs, cod liver oil, and linseed oil. The
authors showed that growth and survival
depend on the ratio of polyunsaturated fat-
ty acids (DHA/EPA) and linseed oil could
provide the necessary amount, which leads
to an increase in the dry matter content in
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TPOJIFHOIO TPyTIaMH JIMYHHOK Ta MOJOII
crepisini. OHAK MOMITHA TEHAEHIUS [0
301JIbIIEHHS] CMEPTHOCTI Y KOHTPOJIBbHIH
rpymi pu6. Yepes 21 n1o0y croctepiraersb-
Cs TIJBUINEHHS >KUTTECTIHKOCTI y JBOX
JOCTITHUX TPyMHax BiAMOBIAHO Ha 26 Ta
32% BimHOCHO KOHTpoMo. Ha 3aBeprien-
HSl TIEPILIOTO €TaIy eKCICPHUMEHTY BHIKH-
BaHICTh y JIBOX JOCIHIIHUX Tpyrax Oyia
BUIIOIO BIIHOCHO KOHTpoOJIbHOT Ha 71,7 Ta
76,2%.

BoueBuib, BUKOPHCTAHHS JUITHOI OJIil
B JKMBUX KOpPMax IIiJIBUIIYE OMMPHICTH Op-
raHi3My [I0 CTpecCy, BUKIMKAHOTO iHTEH-
cudikamiero BuponlyBaHHs. JliHOIEHOBa
KUCIIOTa Ma€ MeMOPaHOIPOTEKTOPHY, aH-
TiOIPOTEKTOPHY, AHTHATEPOCKICPOTUIHY
Ta IMyHOMOJYMIOBaJIbHY (yHKuii, ii Me-
Ta0OJITH OEpPYTh y4acTh Y TOPMOHABHIH
perynsuii opranizmy. Ii HagxomkeHHs B
nepiox MeTaboNIIYHUX TepeOyaoB, KOJIH
(hopMyeThCs CTais MajbKa, cripusie edek-
THUBHIA po0OTI MeTa0oIi3My JIJIs MiATPH-
MaHHSI TOMEOCTa3y B OpraHi3Mi JIMYMHOK
[20].

i maHi y3ro/pKyroThes 3 pe3yJsibTara-
MU JIOCJTIJDKEHb BIUIMBY TOJIHEHACHYCHUX
XKHUPHUX KHUCIOT Ha picT, MOpQoIIorito Ta
MeTaboIi3M JIMYMHOK Ta MAJIBKIB PYCh-
Koro ocetpa (Acipenser gueldenstaedtii
Brandt & Ratzeburg, 1833). Tak, #oro mMo-
JIOAb TOMyBajJM HAyILIisIMM apTeMmii, 30a-
Ta4eHIMHU TONMiHCHACHICHUMH >KAPHUMH
KHCITIOTaMH — eiiko3arneHTacHoBow (EPA)
Ta Joko3arekcacHoBoro (DHA). ITicis 22
Ji0 3aCTOCYBaHHS I[LOTO Mpernapary y Jo-
CIIJTHIN TpyImi BIPOTIHO 3pocia CepeaHs
Maca Tina Ha 23,1% BiIHOCHO KOHTPOJIb-
HOI T'pyIH, a TAKOXK 30UIBIIHIACH IOBKH-
Ha Tina Ha 7,2% [5]. IloniOHe 3pocTaHHA
CepeIHbOi MacH Tijla OyJ0 KOHCTATOBaHO
B PE3yNbTaTi JOCIIKEHHs BIUIUBY JKUPIB
3 pI3HUM BMICTOM JIOKO3areKCacHOBOI Ta
eHK03areHTaeHOBOI KUCJIOT Ha PICT Ta BU-
KUBAHICTh TIEPChKOTO ocerpa (Acipenser
persicus Borodin, 1897) [27]. Cepen no-
CIJKYBaHUX JKUPIB Oynu pud’sidi KUPH,
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the tissues. Similar conclusions regarding
the positive effect of polyunsaturated fatty
acids on growth processes and the physi-
ological and biochemical status of the or-
ganism were reached by researchers who
worked with fry of sharpnose sturgeon
(Acipenser oxyrinchus Mitchell, 1815) and
beluga (Huso huso Linnaeus, 1758) [28,
29].

To assess the effect of linseed oil on the
state of the T- and B-cell link of specific
immunity in juvenile sterlet, fish from ex-
periment No. 2 were used, which showed
better results and could more likely demon-
strate a metabolic immunological picture.
So, in sterlet from experimental group No.
2 and the control group, the number of T-
and B-lymphocytes and their functional
activity were determined. The number of
total T-lymphocytes (TE-LYMP) and acti-
vated T-lymphocytes (TA-LYMP) is pre-
sented in Table 1.

No significant differences were record-
ed in the number of total and active T-lym-
phocytes in the control and experimental
groups.

Analysis of active rosette-forming
T-lymphocytes (A-RUL) showed that un-
der the action of linseed oil, a tendency
was observed to decrease the number of
cells with few or no receptors on their sur-
face, which prevents them from contacting

OTPHUMaHI 3 iIKpH OCETPOBHX, NIEUIHKHU TPic-
KH, Ta JUISTHA OJIisl. ABTOpaMHU IOKa3aHo 3a-
JISKHICTh POCTY Ta BHXKHBAHOCTI BIJI CITiB-
BiJTHOILICHHSI TIOJIIHCHACHUCHUX IKUPHUX
kucinotr (DHA/EPA), i nnsHa omist Moria
3a0e3MeunTH HeoOXiIHY 1X KiJIbKICTh, 10
MIPUBOJUTL JIO 30UIBIICHHS BMICTY CY-
X0l peuoBHHHU y TKaHWHax. J[0 momiOHUX
BHCHOBKIB IIOIO ITO3UTHBHOTO BILIHBY
MOJIHEHAYUCEHUX IKUPHUX KHUCIOT Ha
MIPOIECH POCTY Ta (i310JI0T0-010XIMIYHHH
CTaryc Opra”i3My JiHILIH JTOCIHiTHHUKH,
SIK1 TIPAIIOBAIIN 3 MaJbKaMH TOCTPOHOCO-
ro ocetpa (Acipenser oxyrinchus Mitchell,
1815) Ta Oimyru (Huso huso Linnaeus,
1758) [28, 29].

JUis OIIHKW BIUIMBY JUISHOI Omii Ha
ctaH T- 1 B-xiiTuHHOT TaHKK crienugiyHo-
ro IMYHITETY MOJIOJII CTepJIS/li OyJI0 BHKO-
puctano puo i3 nociuigy Ne 2, 1110 BUSBUIH
Kpallli pe3yJIbTaT Ta MOIJTH O 13 OLIBIIO
BIPOTiJHICTIO MPOAEMOHCTPYBaTH MeTa-
OoiyHy IMyHOJIOTIUHY KapTuHy. OTXE, Y
cTepisii 3 pociignoi rpynu Ne 2 Ta KoH-
TPOJIBHOT TPYIH BU3HAYAIN KUTBKICTh T- 1
B-niMm¢onutis Ta iX (yHKI[IOHAIBHY aK-
THBHICTh. KinbkicTh 3aranpaux T-mimdo-
uuTiB (TE-PVYJI) ta aktuBHux T-mimdorm-
1iB (TA-PVYJI) mpencraieno y Tabmumi 1.

CyTTeBUX BIIMIHHOCTEH y KUIBKOCTI
3araJlbHUX Ta aKTUBHUX T-JIiM(OIHTIB
KOHTPOJIBHOT Ta JIOCIIITHOI IpyT He 3adik-

Table 1. Effect of linseed oil on the content of Active T lymphocytes and Total T
lymphocytes in the serum of sterlet, % (n=5)

Active T lymphocytes (A-RFC) Total T lymphocytes (E-RFC)
Parametrs 5375 T6_10] M | % 0 | 3-5]6-10] M | %

1,0 ml/L

M 67.40  20.80 9.80 2.00% 32,60 71.20 18.20 7.60 3.00  28.80

c 4.72 4.97 2.68 1.00 4.72 2.59 2.39 1.14 1.00 2.59

m 2.11 222 1.20 0.45 2.11 1.16 1.07 0.51 0.45 1.16

Cv, % 3.13 10.69 1224 2236 6.48 1.63 5.87 6.71 14.91 4.02
Control

M 68.00  21.20 9.40 1.60 32.00 71.60 18.40 7.40 2.60  28.40

c 3.16 1.92 1.14 0.55 3.16 2.30 1.52 0.89 0.55 2.30

m 1.41 0.86 0.51 0.24 1.41 1.03 0.68 0.40 0.24 1.03

Cv, % 2.08 4.06 5.42 15.31 4.42 1.44 3.69 5.41 9.42 3.63

Note. The * mark indicates the probability of a significant difference at p < 0.05 relative to the control group.
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the antigen. At the same time, the number
of mature functionally active medium-av-
id lymphocyte populations with a higher
density of receptors, which are capable of
forming from 6 to 10 rosettes with indica-
tor cells, increased. Instead, the number
of highly avid A-RUL (M) in the experi-
mental group of fish was higher (p<0.05)
than in the control group. This indicates a
higher functional activity of T-active ro-
sette-forming lymphocytes. Indirectly, we
can conclude that polyunsaturated fatty
acids in linseed oil have a positive effect
on the expression of membrane receptors
in active T-lymphocytes, which increases
the level of immune potential in fish in the
experimental group.

Polyunsaturated fatty acids affect the
density of lymphocyte surface receptor
expression. It is this mechanism that may
explain the increase in the proportion of
high-avid T-active lymphocytes and the
simultaneous decrease in the number of
“null” cells found in our study. The in-
crease in the number of cells with high
receptor density indicates improved func-
tional maturity of lymphocytes and an in-
crease in their ability to interact with an-
tigens.

Modern studies indicates that the im-
munomodulatory effect of linseed oil is
largely associated with the high content
of a-linolenic (ALA, 18:3n-3) and linoleic
(LA, 18:2n-6) acids, which are structural
components of the membranes of immu-
nocompetent cells. In fish, ALA is a pre-
cursor of long-chain ®-3 polyunsaturated
fatty acids — eicosapentaenoic acid (EPA,
20:5n-3) and docosahexaenoic acid (DHA,
22:6n-3), which are involved in the regu-
lation of immune responses, lymphocyte
proliferation and cytokine synthesis [16,
20].

Analysis of the effect of experimental
feeding on the subpopulation of T lympho-
cytes that are resistant to theophylline is
presented in the table (Table 2).

COBaHO.

AHani3 aKTMBHUX PO3ETKOYTBOPIO-
BajbHHX T-mimMporurie (A-PYJI) nokasas,
o 3a aii JurstHol oaii BUSIBIIEHO TEHIEH-
IO IO 3MEHIIEHHS KIJLKOCTI KJIITHH, Ha
MOBEPXHI AKHX Masio abo B3araji BiACyTHI
perenTopy, o He 03BOJSIE IM KOHTaK-
TyBaTU 3 aHTUIeHOM. BogHouac, 3pocrae
KUTBKICTh 3pUTHX (PYHKI[IOHAJIBHO aKTHB-
HUX CEpeHbOABIAHUX MOMYIALii mdimMpo-
[UTIB 3 BHIIOK IMIJBHICTIO PELENTOPIB,
K1 371aTHI YTBOpIOBaTH Bix 6 1o 10 pose-
TOK 3 1HJIMKaTOPHUMHU KiiTHHamMu. Hato-
MICTb, KiJIbKICTh BUCOKOABITHUX y (yHK-
mioHapHOMY ceHcl A-PYJI (M) y mociin-
Hill rpyni pu6 Oyna Bumioro (p<0,05), Hixk
y KOHTPOJBHIN. Lle CBIMYHTH MpO BHILY
(yHKIIOHAIBHY AKTHBHICTh T-aKTMBHUX
PO3ETKOYTBOPIOBAILHUX TIMQOIIHUTIB.
OnocepenkoBaHO MOXXHA POOUTH BUCHO-
BOK TIPO TO3WTHBHUH BIUIMB IIOJIiHEHA-
CHUYUCHHX YKUPHUX KUCIOT JUILTHOI OJil Ha
MOCHWJICHHSI eKcrpecii MeMOpaHHHX pe-
LENTopiB y akTUBHUX T-miMdouuTis, 110
MIJIBUIIY€E PIBEHb IMyHHOTO TIOTCHINANY Y
puO 1ocHiAHOT IpyIH.

[ToniHeHacHYeHI )KUPHI KACIIOTH BILIH-
BAalOTh HA LIUIBHICT EKCIpecii MoBepXHe-
BHUX perenTopiB giMporurie. Came UM
MEXaHI3MOM MOXKE IOSCHIOBATHCS BUSB-
JICHE Y HAIIOMY JIOCIIJKCHH] 301TbIIICHHS
YAaCTKU BHCOKOABITHUX T-aKTUBHHX JIiM-
(OIHUTIB 1 OIHOYACHE 3HMIKCHHS KIJIBKO-
CT1 «HYJIBOBUX» KIITHH. 3pPOCTAaHHS KiJib-
KOCTI KIIITHH 13 BHCOKOK) PEIENTOPHOIO
IIIJIBHICTIO CBITYUTH MPO IOKPAIICHHS
(GyYHKIIOHATBHOT 3pUTOCTI JTIMQOIUTIB Ta
MiABUINEHHS 1X 3AaTHOCTI IO B3aeMOAii 3
AQHTHUTCHAMH.

CyvacHi JOCHIIKEHHsI CBiAYaTh, IO
IMYHOMOJTYJTFOBIBHUH BIUTUB JUISTHOT OJIii
3HAYHOI0 MipOIO IOB’S3aHUN 13 BUCOKHM
BMicTOM 0-JliHOJIeHOBOI (ALA, 18:3n-3)
ta ninoneBoi (LA, 18:2n-6) kuciot, siki
€ CTPYKTypHHMH KOMIIOHCHTAaMH MeMO-
paH IMyYHOKOMIETEHTHUX KIITHH. Y puod
ALA € moniepeJHIKOM JTOBTOJIAHITFOTOBUX
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T-helpers play an important role in reg-
ulating the immune response to foreign
agents, activating other lymphocytes and
stimulating B-lymphocytes to actively
synthesize antibodies. Therefore, they en-
hance the defensive reactions of the stur-
geon body. As can be seen from Table 2, no
significant differences were found between
the analysed populations of rosette-form-
ing T-helpers under the action of linseed
oil, which was due to the lack of need to
activate adaptive defense mechanisms. At
the same time, an increase (p < 0.05) in
the number of T-suppressors, which play
a regulatory role in suppressing excessive
immune responses, was detected in the
blood of fish in the experimental group

The immunoregulatory index (IRI) is
most often used to assess the lymphocyte
function of immunocompetent cells under
normal or pathological conditions. It is de-
fined as the ratio of T-helpers to T-suppres-
sors. From the data in Table 2, we see that
the IRI in the experimental group is 2.69,
and in the control group — 3.97, which in-
dicates a decrease in lymphocyte activity
under the influence of linseed oil in the
diet.

This situation may be caused by the ac-

®-3 TOTIHEHACHYCHUX J>KUPHUX KHCIOT
— eliko3anenTaenoBoi (EPA, 20:5n-3) Ta
noko3arekcaeHoBoi (DHA, 22:6n-3), mo
OepyThb y4yacTh y peryssinii iMyHHHUX peak-
i, npomideparii 1iMGOIHTIB Ta CHHTE31
nuToKiHiB [16, 20].

AHami3 BIUIUBY EKCIEPUMEHTAIBHOT
ronieni Ha cyomonysuito T-mimdonuris,
SIKI € CTIMKMMH JI0 Jii Teo(uTiHy, Mpel-
CTaBJICHO B TaOMHII 2.

T-xenmepu BIAIrparOTh BaKJIMBY POJIb
B peryisuii iMyHHOT BiINOBiIi 3a aii 4y-
JKOPIJIHUX arcHTIB, aKTUBYIOUH 1HIII JIiM-
¢douuTH, Ta CTUMYIIOIOTH B-nimdoruru
0 aKTHBHOTO CHHTE3y aHTHUTUL. Tomy
BOHH TMOCHIIIOIOTH 3aXMCHI peakiii opra-
HI3My oceTpiB. Sk 6aunmo 3 Tabui 2, 3a
Il JISHOT oMl He BUSIBJICHO BIPOTiIHUX
CYTTEBUX BIIIMIHHOCTEH MiX TIpOaHai-
30BaHUMHM MOMYJSIISIMH PO3ETKOYTBOPIO-
BaJbHHUX T-XenrmepiB, MO BUKIUKAHO Bif-
CYTHICTIO TOTpeOn 3aJliF0BaTH MEXaHi3MH
aIalITUBHOTO 3aXWCTy. BogHo9ac, y KpoBi
pub mocnigHOi TIpymu BHABICHO 301Mb-
menHs (p < 0,05) kinmpkocti T-cymnpecopis,
SIK1 BIJIITPAIOTh PETYIATOPHY POJIb B IIPHU-
THIYCHHI HaJMIpHOT IMyHHOT peaxiiii.

Imynoperynstopuuii ingexc (IPI) y
OUTBIIOCTI BUITAJKIB 3aCTOCOBYETHCS ISt

Table 2. The effect of linseed oil in the diet of juvenile sterlet on the content of
theophylline-resistant lymphocytes and B-lymphocytes in the blood of sterlet fry, %

(n=5)
Theophylline-resistant E-RFC
Para- T-helper cells T-suppressor B-RFC
metrs cells
0 [3-5]6-10] M | % % 0 [3-5]6-10] M | %
1,0 ml/L
M 79.00 14.80 5.60* 1.50 21.0%* 7.80%* 77.60 14.60  7.00 1.33 2240
o 235 192 152 071 235 0.84 351 152 200 058 351
m 1.05 086 0.68 050 1.05 0.37 1.57 068 089 033 157
Cv,% 133 581 12.11 3333 4.99 4.80 2.02 465 1278 25.00 7.00
Control
M 77.80 1440 7.40 1.00 23.00 5.80 77.80 14.20 7.80 1.00  22.20
o 148 195 1.14 000 1.00 1.10 1.64 148 130 0.00 1.64
m 0.66 087 051 0.00 045 0.49 0.73 0.66 0.58 0.00 0.73
Cv,% 085 605 689 0.00 194 8.45 094 467 748 0.00 331

Note. * — the probability of the difference is significant at p < 0.05.
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tion of a-linolenic acid, the use of which
changes the ratio of regulatory and effector
T lymphocytes, thereby limiting excessive
inflammatory reactions and maintaining
immune homeostasis [31].

Analysis of the B-lymphocyte compo-
nent of humoral immunity showed no sig-
nificant difference in cell subpopulations
in the experimental and control groups of
sterlet juveniles.

In general, the results of the studies
showed that the use of linseed oil in an
amount of 10.0 ml/kg did not cause sig-
nificant changes in the total number of
T-lymphocytes (total (E-RUL), active
(A-RUL) and theophylline-resistant) and
B-lymphocytes. Instead, its positive effect
on the receptor apparatus of T-active blood
lymphocytes was recorded, which indicat-
ed the regulatory effect of polyunsaturated
fatty acids on the functional state of immu-
nocompetent blood cells of juvenile sterlet.

Analysis of literature data showed that
polyunsaturated fatty acids of plant origin,
in particular a-linolenic (18:3n-3) and li-
noleic (18:2n-6), are able to influence not
only energy metabolism, but also the func-
tioning of the adaptive link of fish immu-
nity. It has been established that the intake
of a-linolenic acid with feed contributes to
its inclusion in the phospholipids of lym-
phocyte cell membranes, changing their
physicochemical properties, primarily
membrane fluidity and the functional state
of membrane receptors. Thus, the authors
described the most likely effect, because it
is a-linolenic acid that makes up to 55% of
the entire linseed oil and exhibits proven
properties on other organisms, including
fish.

Of particular interest is the effect of
polyunsaturated fatty acids on the receptor
apparatus of immunocompetent cells. It
has been established that the incorporation
of a-linolenic acid and its metabolites into
the lipid bilayer of membranes changes
the organization of lipid rafts — specialized

OIIHKK JiMdoruTapHoi (YHKIIT iMyHO-
KOMIIETEHTHHUX KJIITHH 32 HOPMHU YH T1aTO-
JIOTil; BIH BHM3HAYAETHCS SIK BIIHOIICHHS
T-xenmnepis 1o T-cynpecopis. 3 jaHux Ta-
O 2 6aunmo, mo [Py mocminHii rpyri
CTaHOBUTH 2,69, a y KOHTPOJIBHIN rpyni —
3,97, Mo CBIMYUTH PO 3HWKEHHS JTiMQo-
IUTapHOI aKTUBHOCTI 3a JIii JIISHOT Ol B
partioHi.

L5 cutyartiss MOKe BHKIUKATHUCS €10
O-TIHOJICHOBOI ~KHCIIOTH, 3aCTOCYBaHHS
SIKOT 3MIHIOE CITiBBITHOLIIEHHS PETYNIATOP-
HUX Ta edekropuux T-mimMdorwmrie, 3aB-
JIKH 4OMy OOMEXKYETbCS HaJMipHa 3a-
MaJbHA PEaKIlis 1 MIATPUMY€ETHCS IMYHHHUHA
romeocTas [31].

Amnamiz B-mmMdonurapHoi naHKH Ty-
MOpPAaJIbHOTO IMYHITETYy IIOKa3aB BiJICYT-
HICTh BIPOT'THOT PI3HUII Y CYOITOMYJIAIIIsAX
KIIITHH Y JOCJITHOT Ta KOHTPOJBHOI TPYII
MOJIOZII CTEPIISIII.

3aranom, pe3yJibTaTH MPOBEICHUX JI0-
CII/DKCHb IIOKa3ajH, IO 3aCTOCYBaHHS
JUISHOI omii B KinbkocTi 10 Mit/KT He crpu-
YUHSE CYTTEBUX 3MIH Yy 3arajbHii KiJTBKO-
cti T-mimdorurie (3aranpuux (E-PVYJI),
aktuBHUX (A-PVYJI) Ta TeodiniH-pe3uc-
TeHTHUX) 1 B-mimdonutie. Haromicts,
KOHCTaTOBaHO MTO3UTUBHUMH 11 BIUIMB HA pe-
nentopHuil anapar T-akTUBHUX JTiM(OLIHU-
TiB KPOBI, IO CBITYUTH TIPO PETYIIATOPHHHA
BIUIMB TOJIHCHACUYCHHUX JKUPHUX KHCIOT
Ha (YHKI[IOHAJTBHHHA CTaH IMyHOKOMIIE-
TEHTHUX KJIITUH KPOBI MOJIOJ CTEPIISAL.

AHaJIi3 TaHKX JITepaTypy MoKasas, 10
MOJTIHEHACUYEH] KUPHI KUCIOTU POCIIUH-
HOTO TTOXO/KEHHS, 30KpeMa O-TIIHOJICHOBA
(18:3n-3) Ta ninonera (18:2n-6), 3marHi
BIUIMBATH HE JIIIE HA CHEPTeTUYHUH 00-
MiH, ane i Ha (yHKIIOHYBaHHS aJlalTUB-
HOI JIaHKH iMyHITeTy pu0. BcranosieHo,
1110 HAIXO/XKEHHS 0-JTiIHOJIEHOBOI KUCIIOTH
3 KOPMOM CIIpHUSI€ BKIIFOYEHHIO 11 O CKJIa-
oy QocdomimigiB KITUHHUX MeMOpaH
JTMQOINTIB, 3MIHIOKOYH iX (i3UKO-XiMiU-
Hi BIIACTHBOCTI, Hacamrepesa IUIMHHICTb
MeMOpaH Ta QYHKIIOHAJTLHUH CTaH MEMO-
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membrane microdomains in which T-cell
receptors (TCR), B-cell receptors (BCR),
cytokine receptors and intracellular signa-
ling molecules are localized. As a result,
intercellular communication and antigen
recognition efficiency are improved.

It has been proven that -3 polyunsatu-
rated fatty acids are able to modulate the
expression of pro-inflammatory and an-
ti-inflammatory cytokine genes, in particu-
lar IL-1B, IL-6, TNF-a, IFN-y and TGF-f,
ensuring the maintenance of a physiologi-
cal balance between the activation of the
immune response and the mechanisms of
its limitation [32, 20]. In rainbow trout, the
introduction of linseed oil into the diet was
accompanied by increased cytokine gene
expression, increased phagocytic activity,
and activation of the body’s natural resist-
ance factors [20].

Linoleic acid (LA, 18:2n-6), which is
also a component of linseed oil, partici-
pates in the synthesis of arachidonic acid
and eicosanoids — prostaglandins, throm-
boxanes and leukotrienes, which perform
a regulatory function in the processes of
inflammation and adaptive immune re-
sponse. The optimal ratio of -3 and ®-6
fatty acids ensures balanced functioning of
T and B lymphocytes, maintains the stabil-
ity of cell membranes, and preserves the
ability of cells to adequately respond to
antigenic load [21, 33].

Our results regarding the increase in the
proportion of high-avidity T-active lym-
phocytes may indicate an improvement in
the functional state of the receptor appara-
tus of these cells. It is known that the de-
gree of rosette formation is directly related
to the density and functional activity of
lymphocyte surface receptors. Therefore,
an increase in the number of high-avidity
cells under the action of linseed oil may be
a consequence of the structural reorganiza-
tion of membranes and increased expres-
sion of receptor complexes that ensure the
interaction of the cell with the antigen. The

pPaHHUX perenTopiB. TakKMM YHHOM, aBTO-
paMM ONMCaHO HaNiMOBipHIMNI BIUIUB,
TOMy IO CaMme€ O-JTiHOJICHOBAa KHCIIOTa
CTaHOBUTH 10 55% yciel juisHOi ol 1 BU-
SIBIISIE TIEPEBIPEH] BIACTHBOCTI Ha THINUX
opraHizmax, B TOMy 4HCHi pudax.

OcoOuuBe 3ariKaBJEHHSA CTAaHOBUTH
BIUIMB TOJIHEHACUYCHHUX JKUPHUX KHCIOT
Ha pEIENTOpHHUH amapaT iMyHOKOMIIE-
TEHTHUX KJIiTUH. BcranoBneno, mo BOy-
JIOBYBaHHS O-JIIHOJICHOBOT KHCJIOTH Ta il
MeTaboiITIB y JNinigHuid Oimap memOpan
3MIHIO€ OpTaHi3alifo JIMIHUX padTiB —
Crieliani3oBaHUX MEMOpaHHUX MIKPOJIO-
MEHIB, Y SKHAX JIOKAJ3yKOThCS PELENTOPH
T-xmitun (TCR), B-knitun (BCR), peuen-
TOpU IUTOKIHIB Ta MOJICKYJIH BHYTpII-
HBOKJIITUHHOI Iepefadi CUrHajiiB. YHac-
JJ0K ILOTO TOKPAIIYEThCS MIKKJIITHHHA
KOMYyHiKallisg Ta €(QEeKTUBHICTh PO3Ii3Ha-
BaHHS aHTUTCHIB.

JoBeneno, mo ®-3-mojiHEHACHYCHI
JKUPHI KUCIIOTH 3JIaTHI MOJIYJIOBATH €KC-
MPECii0 TeHIB MpOo3anajbHUX Ta MPOTU3a-
MaJBHUX ITUTOKIHIB, 30kpema IL-1pB, IL-6,
TNF-a, IFN-y Ta TGF-f, 3a6e3neuyroun
MiATpUMaHHS ~ (Pi310J0TIYHOrO  OayiaHCy
MIX aKTHUBAIi€l0 iMyHHOT BiIMIOBiAl Ta Me-
XaHi3MaMH ii oomesxkenHs [20, 32]. V paii-
JIy’)KHOI (operni BBEJCHHS JUISIHOT OJlii 110
paIiony CyIpoBODKYBAJIOCS ITiIBUIIICH-
HSIM eKCIIpecii IeHiB [IUTOKIHIB, 301/IbIIEH-
HSM (paromuTapHOl aKTHBHOCTI Ta aKTHUBA-
i€t (akTopiB MPUPOAHOI PE3UCTEHTHO-
cti opranizmy [20].

Jlinonesa kucnora (LA, 18:2n-6), sika
TaKOX BXOJWTH IO CKJIAJy JUISHOI OJii,
Oepe y4yacTb y CHHTE31 apaxiJJOHOBOI KHC-
JIOTH Ta €HKO3aHOI/IB — TpOCTariiaH/Iu1-
HiB, TPOMOOKCaHIB 1 JEHKOTpi€HIB, fKi
BHKOHYIOTh PETYISATOPHY (DYHKIIIFO B TIPO-
[ecax 3amajeHHs Ta aJalTHBHOI IMyHHOI
BIAMNOBiAI. 3a ONTUMAJIILHOIO CHIBBiIHO-
LIEHHA ©-3- Ta ©-0-)KUPHUX KUCIIOT 3a0e3-
MeuyeThesl 30alaHcoBaHe (DYHKIIIOHYBaH-
Hs T- Ta B-niMm¢ouutis, miATPUMY€EThCS
CTaOUTBHICTh KIIITHHHUX MeMOpaH Ta 30e-
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decrease in IRI in the study group, caused
by a decrease in the number of T-help-
ers, indicates that the use of linseed oil in
feeding animals juveniles has a moderate
immunoregulatory effect. This may be the
result of the metabolism of a-linolenic fat-
ty acid, which is able to inhibit the produc-
tion of anti-inflammatory mediators and
enhance regulatory mechanisms.

CONCLUSION AND
PERSPECTIVES OF FURTHER
DEVELOPMENT

The use of linseed oil to enrich the feed
organisms Artemia salina had a positive
effect on the growth and survival of sterlet
juveniles. The maximum effect was estab-
lished at a drug concentration of 1.0 ml/L,
at which the average weight of fish exceed-
ed the control by 27.7%, and survival by
76.2%.

The introduction of linseed oil into the
diet did not cause significant changes in
the total number of T and B lymphocytes
in the blood, which indicates the absence
of excessive activation of the adaptive im-
mune system and the preservation of im-
mune homeostasis.

Under the influence of linseed oil, there

piraeThCsl 3MATHICTD KIIITHH JIO0 aJeKBaTHOT
BIAMOBIAl HAa AHTUICHHE HABAHTAXKEHHS
[21, 33].

OTpuMaHi HaMH pE3yNbTaTH  IOJ0
30UIBIIEHHS YaCTKH BUCOKOABIIHUX T-ak-
TUBHUX JIIM(MOIMTIB MOXYTh CBIIYUTH
PO TOKpareHHs (QyHKIIOHATBHOTO CTa-
HY PELIENTOPHOTrO anapary Iux KiIiTuH. Bi-
JIOMO, IO CTYITiIHb PO3E€TKOYTBOPEHHS 0e3-
MOCEePE/IHBO OB’ sI3aHMM 13 HIUTBHICTIO Ta
(YHKIIIOHAJILHOIO aKTHBHICTIO ITOBEPXHE-
BuX penenTopis diMponutis. Tomy 361716~
LIEHHS KIJIBKOCTI BUCOKOABIIHUX KIITHH
3a Jii JUISTHOT oIlii MoXke OyTH HaciiaKoM
CTPYKTYpHOT TiepeOynoBH MeMOpaH Ta
MiJIBUIICHHST  €KCOpecii  pelenTopHuX
KOMIUICKCIB, 110 3a0e3MeuyroTh B3a€MO-
10 KIITUHU 3 aHTUTeHOM. 3HMKeHHs [P
y JOCHTIJIHIN TPyIli, BUKIMKaHE 3MEHIIICH-
HSIM KinbkocTi T-xenmepiB, CBiTYUTEH Hpo
Te, O 3aCTOCYBaHHS JUISTHOT OJIiT B TOIBII
MOJIOJI Ma€e MOMIPHUH IMyHOpEryssTop-
Hul BruMB. lle Moxe OyTH pe3ynbpTaTroM
MeTaboNi3My 0-TTIHOJICHOBOI >KUPHOI KHC-
JIOTH, sIKa 3J1aTHA 1HTI0yBaTH MPOMYKIIiIO
MPOTU3AMATIbHAX MEIIaTOpPiB Ta IMOCHIIIO-
BaTH PETYJIATOPHI MEXaHI3MH.

BUCHOBKHU TA NEPCIIEKTUBHU
MHOJAJBIIOTIO PO3BUTKY

3acTocyBaHHsSl JUITHOT oJii Juist 30a-
radeHHs KOPMOBHIX OpraHi3miB Artemia
salina TO3UTUBHO BIUIMBA€ Ha PICT 1 BU-
JKUBAHICTh MOJIOJI CTepIsiii. MakcuMaib-
HUW e(eKT BCTAHOBJICHO 33 KOHIICHTpAIlii
nperapary Ha piBai 1,0 Mi/1, 3a sikoro ce-
pensst Mmaca pub mepeBuIyBaia KOHTPOJIb
Ha 27,7%, a BikuBaHicTh — Ha 76,2%.

Beenenns JisiHOT oMlii 10 parioHy
HE CIPUYHUHSIE CYTTEBHX 3MiH 3araibHOi
kinpkocti T- Ta B-nmiMdonuris kpoBi, 1o
CBIJTYATH PO BIJICYTHICTh HAJMIPHOI aK-
THUBAIli] aJIaNTUBHOI IMYHHOI CUCTEMH Ta
30epekKEeHHSI IMyHHOTO TOMEOCTAa3Yy.

Ilin BmmBOM JUIsIHOI ojii Big3Haya-
€ThCSI TEHJICHIIiS JIO 3POCTaHHS YacTKH
(hyHKI[IOHAJIEHO aKTUBHUX BHCOKOABITHUX
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is a tendency to increase the proportion
of functionally active high-avidity T-lym-
phocytes and decrease the number of cells
with low receptor activity, which indicates
an improvement in the functional state of
the receptor apparatus of immunocompe-
tent cells.

The immunomodulatory effect of lin-
seed oil is probably associated with the
high content of a-linolenic and linoleic
acids, which are involved in the forma-
tion of the phospholipid composition of
lymphocyte membranes, the regulation of
lipid raft organization, the expression of
membrane receptors, and intracellular sig-
nal transduction.

The use of linseed oil in feeding stur-
geon juveniles is a promising approach to
increasing their resistance, viability, and
efficiency of cultivation in intensive aqua-
culture conditions.
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