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INSTERLET LIVER AND DORSAL MUSCLES
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Study of phospholipids changes peculiarities in the liver and dorsal muscles of sterlet (Acipenser ru-
thenus Linnaeus) may be important to determine the etiology and pathogenesis of fatty liver. We established
that the content of total phospholipids in tissues of the liver and dorsal muscles of three-year-old sterlet was
less than for two-year-old fish by 15% and 20% (P < 0.01), respectively. The amount of phosphatidylcholine
(P < 0.05), phosphatidylethanolamine, phosphatidylserine (P < 0.01), phosphatidylinositol (P < 0.01) and
cardiolipin in the liver of 3-year-old sterlet was lower than for the 2-year-old fish, while quantitative indices
for lysophosphatidylcholine and sphingomyelin were slightly increased. Similarly, in the cells of the dorsal
muscles, the amount of phospholipid components (except lysophosphatidylcholine) was decreased with age. A
decrease in the amount of phosphatidylethanolamine and phosphatidylserine in the dorsal muscles of 3-year-
old sterlet was significant. The major phospholipids respective distribution was stable, except for phosphati-
dylethanolamine and particularly sphingomyelin.
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geon that lives in fresh water. It was put on

the Red List of the International Union for
Conservation of Nature as a “vulnerable species”,
while the Red Data Book of Ukraine treats it as
“endangered species” [1]. In this regard, identifying
the causes and molecular mechanisms of fatty liver
and early death of sterlet is valuable both in order to
conserve and farm industrially the fish [2, 3]. This
is most distinctly manifested in the annual cycle,
during which lipid reserves may be redistributed
between tissues and organs, with possible changes
in dissimilation and assimilation of lipids, including
phospholipids, depending on the dominant metabolic
processes for this period [3, 4].

With this in mind, the aim of our research was
to study the age-related changes of phospholipids
contents in the liver and dorsal muscles of sterlet at
the age of 2 and 3 years.

S terlet (Acipenser ruthenus) is the only stur-

Materials and Methods

In our study, we used 10 sterlets (Acipenser ru-
thenus Linnaeus) of 300-400 g and 10 ones of 500-
600 g aged two and three years, respectively. The
fish were selected at the fishfarm “Osetr” in Ukrain-
ka village of Obukhov district of Kyiv region in the
spring of 2016. For biochemical analysis of phospho-
lipid content, we used liver and dorsal muscles.

Lipids were extracted from homogenated tis-
sues by the method of I. Folch et al. [5]. Phospho-
lipids were separated by two-dimensional thin layer
microchromatography on standard plates (Sorbfil,
Russia) according to the method [6]. The phospholi-
pid content was found from the amount of phospho-
rus in them determined using the molibdate reagent
[7]. Specific reagents and purified standards were
used to identify individual lipid fractions [8].

All interventions and slaughter of animals were
carried out according to the national General Ethi-
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cal Principles of Experiments on Animals (Ukraine,
2001) [9] and the requirements of the European Con-
vention on the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purpo-
ses (Strasbourg, 1986).

Data are expressed as mean + SEM for at least
10 sterlets per age-group. Student’s t-test was used
for all analyses and values of P < 0.05 or P < 0.01
were considered to indicate statistically significant
difference. All calculations were performed using
the Microsoft Excel software for t-test analysis.

Results and Discussion

According to the data, we discovered that phos-
pholipids content in tissues of the liver and dorsal
muscles of sterlet was quantitatively decreased with
age (Fig. 1-3). The content of total phospholipids in
the liver and dorsal muscle tissues of three-year-old
sterlet was less than of the two-year-old fish by 15%
and 20% (P < 0.01), respectively (Fig. 1). The total
phospholipids content in the liver tissue of sterlet of
different age groups exceeded the same indices for
dorsal muscles (Fig. 1).

Membrane stability can be characterized by
relevant qualitative and quantitative composition of
their structural elements, changes in which point to
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Fig. 1. Total phospholipids in tissues of sterlet of dif-
ferent age (m = SEM, n = 10; **P <0.01)

certain damage in membrane structures [10]. The
amount of phosphatidylcholine (P < 0.05), phos-
phatidylethanolamine, phosphatidylserine (P < 0.01),
phosphatidylinositol (P < 0.01) and cardiolipin in
the liver of 3-year-old sterlet was lower than for
the 2-year-old fish, while quantitative indices for
lysophosphatidylcholine and sphingomyelin were
slightly increased (Fig. 2).

The age of two years
The age of three years
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Fig. 2. Phospholipid content in liver of sterlet of different age: 1 — lysophosphatidylcholine, 2 — phosphatidyl-
serine, 3 — phosphatidylinositol, 4 — sphingomyelin, 5 — phosphatidylcholine, 6 — phosphatidylethanolamine,
7 — cardiolipin (m = SEM, n = 10; *P < 0.05; **P <0.01)
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Fig. 3. Phospholipid content in the dorsal muscles of sterlet of different age: 1 — lysophosphatidylcholine, 2 —
phosphatidylserine, 3 — phosphatidylinositol, 4 — sphingomyelin, 5 — phosphatidylcholine, 6 — phosphatidyl-
ethanolamine, 7 — cardiolipin (m £ SEM, n = 10; *P <0.05, **P <0.01)

Similarly, in the cells of dorsal muscles, the
amount of phospholipid components (except for
lysophosphatidylcholine — product of phosphatidyl-
choline metabolism) decreased with age (Fig. 3).
It should be noted that phosphatidylcholine and
phosphatidylethanolamine are major phospholipids
of cell membranes [10]. These phospholipids are
metabolically linked and provide stabilization of
plasmalemma and membranes of cell organelles. A
reduction in their content in biological membranes
can cause deviations in their ultrastructural organi-
zation, changes of biosynthetic processes, loss of
individual units of metabolism, reduction of the vi-
tal energy-dependent processes, active transport of
ions, etc. All this leads to increasing permeability of
cell membranes and, therefore, to disruption of their
transport functions which is generally known to be a
universal feature of cell damage [2, 3, 11].

The quantitative ratio of phospholipid fractions
in the liver and dorsal muscles in 2- and 3-year-old
sterlets may indicate age-related redistribution of
phospholipids between the tissues (Fig. 4). In gene-
ral, while the amount of phospholipids generally
decreased with age in the liver and dorsal muscles,

their proportions in the tissues were stable (except
for sphingomyelin, phosphatidylethanolamine and
other non-determined minor phospholipid compo-
nents).

Cardiolipin in the proportional distribution
between tissues of the liver and dorsal muscles was
the most stable parameter (Fig. 4) probably because
it is the only phospholipid with immune properties.
Cardiolipin also provides membrane permeability to
ions; it is actively involved in the processes of oxi-
dative phosphorylation and electron transport and
serves as an inhibitor of DNA replication, regardless
of its concentration [12].

A significant increase in sphingomyelin frac-
tion in the dorsal muscles (Fig. 4) may indicate pri-
marily its structural role in lipid micro-domains of
the plasmatic membrane known as lipid rafts [13],
which are possibly involved in the cascade of cell
apoptosis [14].

Thus, we have established the trend to decrea-
sing total phospholipids and their separate fractions
except for lysophosphatidylcholine, while their dis-
tribution in the liver and dorsal muscle tissues of
sterlet did not change with age (except for sphingo-
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Fig. 4. Phospholipid components contents ratio in the liver tissue to ones in the dorsal muscle in two- and
three-year-old sterlet [unit: (Liver phospholipids mg/g dry matter)/(Muscle phospholipids mg/g dry matter)].
1 — Lysophosphatidylcholine, 2 —phosphatidylserine, 3 — phosphatidylinositol, 4 — sphingomyelin, 5 — phos-
phatidylcholine, 6 — phosphatidylethanolamine, 7 — cardiolipin, 8 — other undetermined minor phospholipids,

9 — total phospholipids

myelin and phosphatidylethanolamine). This can be
used for theoretical substantiation and development
of appropriate corrective feed additives and premixes.

Acknowledgements

The authors are grateful to the fishfarm “Osetr”
in the village of Ukraiinka (Obukhov district of
Kyiv Region) for providing biological material for
research.

BIKOBI 3BMIHU ®OCPOJIIIIIIIB
B INEYIHII TA CIMHHUX M’A3AX
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BuBuenHst cnienudiyHux 3MmiH Qocdominiain
y TKaHWHAaX MEUYiHKW 1 CIIMHHUX M’SI3iB CTEpIIsii
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(Acipenser ruthenus Linnaeus) moske mMaTtu Bax-
JUBE 3HAYCHHS [JIsl BU3HAYCHHs eTioyorii i ma-
TOTEHE3Y >KHPOBOTO Temaro3y, IO 3yCTPIYa€ThCS
B LIOTO BUJY puUO B yMOBax MITYYHOTO BHPO-
IyBaHHS. BCTaHOBJIEHO, IO BMICT 3aralbHUX
¢dochoninmiiB y TKaHWHAX MEYIHKKM 1 CHUHHHX
MSI31B CTEPISAl TPbOX POKiB OyB MEHIIMM, HIXK Y
nBopiuHoi pubu Ha 15120% (P <0,01) BignosigHo.
Kinpkicte  ¢ocparupunxoniny (P < 0,05),
tdochaTuanieTaHonaminy, ¢dochaTuanncepu-
ny (P < 0,01), pocharununinozurony (P < 0,01) i
KapIiodiniHy B MEYiHII TPUPIYHOI cTepisial Oyna
HUKYOI0, HIXK JUISl JBOpIUHOi pubHU, B TOH Hac sk
KUIBKICHI MOKa3HUKM IS JTi30(ocdaTh IMIXONMIHY
i coinromieniny Oyiaum TpOXW 301TBIICHUMH.
AHAJIOT'YHUM YMHOM Y KJIITHHAX CIIMHHUX M’SI31B
KUJIBKICTh KOMIIOHEHTIB QocdominiaiB (3a BUHAT-
KOM Ji3o¢ochaTHANIXONIHY) 3MEHIIyBajlach i3
BikoM. 3MeHmeHHS  (ocdaruauneTaHoIaMIHY
i QocarunuiacepuHy B  CIOHHHUX  M’A3ax
TpupiuHoi cTepisai Oymo BiporimHuM. KinbkicTsh
OCHOBHUX ¢docdomniminis, 3a BUHSITKOM
mizodochaTuInIXoiny, i3 BIKOM 3HHMKYBajach y
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KJIITHHAX MEYiHKY 1 CIMHHUX M’s13aX. Y TOH camuii
yac 30epiranacst mponopIis ix po3noaisly Mixk TKa-
HUHAMU, KpiM pocdaruauneraHosaMiny i 0cooau-
BO c(hiHTOMi€IiHY.

KnmouoBi cIoBa: dhocdomimian,
dhocdomininai dpakmii, meUiHka Ta CIHHHI M’SI3H
CTepJIAIi, BIKOBI 3MiHH.

BO3PACTHBIE UBMEHEHM A
OOCOPOJUIINAOB B ITIEYHEHU U
CIIMHHBIX MBIINIAX CTEPJIAAN
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Nzydenue crienuduueckux U3MEHEHUH ¢oc-
q)OHI/IHI/IZ[OB B TKAaHAX IIEYCHU U CIIMHHBIX MBIIIII]
crepisau (Acipenser ruthenus Linnaeus) moxer
HUMETb 3HAYCHUC [JId OIPCACIICHUA STHOJIOTUU U
MaToreHe3a >KMPOBOTO TenaTro3a, BCTPEYArONIero-
Ci IpHU UCKYCCTBCHHOM BBIpalllUBAHUHW 3TOr0 BUJa
pBIO. YCTaHOBJICHO, YTO Cojep)aHue oOImX (oc-
q)OHI/IHI/IZ[OB B TKaHAX II€YCHU U CITMHHBIX MBbIIIIAX
CTEpJIAau TPEX JICT 6BIJ'IO MCHBIIEC, YEM Y NBYXIJICT-
He#t peiobl Ha 15 1 20% (P < 0,01) cooTBeTcTBEH-
Ho. KomuuectBo ¢ocharupunxonuna (P < 0,05),
docharuamTanonamuba,  Gocdarunuicepuna
(P < 0,01), pocharnaumunrosutona (P < 0,01) u
KapauoJIMIinHa B IICUYCHU TpeXHeTHeﬁ CTepiaaan
OBIJIO HIKE, YeM Y JIBYXJIETHEH pPBIOBI, B TO BpeMs
KaK KOJMYECTBEHHBIEC TTOKa3aTeNN JIsl Tu30(ocda-
TUAWIXO0JIWHA U C(i)I/IHI‘OMI/IeHI/IHa ObLLIM HEMHOI'O
YBCJINYCHBI. AHaJIOTHYHBIM 06p330M B KIJICTKaXx
CIIMHHBIX MBbIIII] KOJIUYCCTBO KOMIIOHCHTOB q)OC'
domunuioB (3a MCKIOYeHHEM Ju3odocharnui-
XOJIMHA) YMEHBIIAIOCh C BO3PACTOM. YMEHBIIICHHE
docharuamTanonamuia u gocdaruauicepuna
B CIIMHHBIX MBbIHIIAaX TpeXJ’IeTHeﬁ CTepJIsian OLIIIO
JnocToBepHbIM. KonmnmuecTBo OCHOBHBIX (ocdomnu-
MUJIOB, 32 UCKIIIOYeHUEM TU30(ochaTnIMIX0THA,
C BO3paCTOM CHUKAJIOCH B KJICTKAaX IMCYCHU U CIINH-
HBIX MBIHIIIAX. B To xe BpEMs COXPaHSINUCH UX ITPO-
nmopuuun pacunpeacjicHusa MEXAY TKaHiIMHU, KpOME
(dbocharuauisTaHOIAMUHA U OCOOCHHO CPUHTOMUE-
JIUHA.

KnwueBbie cioBa: ochonumuasl, Gpoc-
(dhonunuaHble PpaKIUK, IEYCHb U CIIMHHBIC MBIIII-
I[bI CTEPJISIIH, BO3PACTHBIC U3MEHCHUSI.
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