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LIPID METABOLISM IN THE LYMPHOCYTES OF WEANED PIGLETS
AFTER ADMINISTRATION OF LIPOSOMAL DRUG «VITARMIN»
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The influence of the liposomal drug «Vitarminy on composition of separated classes of lipids and fatty
acid profile the lymphocytes of piglets after weaning are presented in the article. The value of certain classes
of lipids in the lymphocytes of blood of piglets was determined by thin layer chromatography and fatty acid
composition of lipids by capillary gas-liquid chromatography.

On the 10" day of the weaning piglets from sows, it was observed a significant increase of the content
of phospholipids, reducing the content of non-esterified fatty acids and the increase of saturated fatty acids
content accompanied with the decline of unsaturated fatty acids. The parenteral administration to the piglets
a liposomal drug that contains vitamins A, D, E, L-arginine, zinc, selenium, cobalt and magnesium two days
before weaning causes the increase of phospholipids content in blood lymphocytes of at the 5" day after wean-
ing. Reduction of saturated fatty acids and increase of unsaturated fatty acids occurred mostly at the expense
of long-chain polyunsaturated fatty acids. The weaning of piglets leads to changes of lipid metabolism in the
organism, as evidenced by changes in fatty acid composition of lipids in piglets blood lymphocytes. However,
application of complex liposomal drug causes adjusting influence on the content of separate classes of lipids
and fatty acid profile of lymphocytes of blood of piglets after weaning them from sows.

Keywords: PIGLETS, WEANING, LIPOSOMAL DRUG, CLASSES OF LIPIDS, FATTY
ACID COMPOSITION OF LYMPHOCYTES.

METABOJIIBM JIIIAIB Y JIM®OLHUTAX KPOBI IIOPOCAHAT
3A YMOB BIJIUIYYEHHS 1 11 JIIMOCOMAJIBHOI'O ITPEMAPATY «BITAPMIH»

H. 3. Ocopoonux!, O. I. Biwyp', K. B. Cmonsaninos’, O. B. Tonybeyv’, P. A. ITonybeys’
ohorodnyk@inenbiol.com.ua

TacTuTyT Oiosorii TBRapun HAAH,

Bya1. B. Cryca, 38, m. JIbBiB, 79034, Ykpaina
2JIIT «YkpMeTpTecTCTaHaapT,

ByJ1. Metposnoriuna, 4, M. Kuis, 03143, Ykpaina

Y cmammi nagedeno pesynomamu 00cniodcenb wooo AUy JNOCOMAILHO20 npenapamy «Bimapminy
HA CNIBBIOHOWEHHS OKPEMUX KIACI6 3A2aNbHUX JIINIOI8 Ma HCUPHOKUCTOMHUU CKAAO JIMPOYUMIe Kposi nopo-
cam 3a ymog ix eionyuens. CniggiOHOUIEHHS OKPeMUX KAACie Ninidie y 1impoyumax Kpoei nopocsim U3HaA4aiu
MemoooM MOHKOUAPOBOT Xpomamoepapii, a HCUPHOKUCIOMHUL CKAA0 1INidie — MemoooM KaniiapHoi 2azo-
PiOunHOI Xxpomamozpagpii.

Bionyuenns nopocsim 6i0 c6uHOMamox npu3e00ums 00 6ipocioHoco 3pocmans Ha 10-my 006y emicmy
goconiniois y nimgpoyumax kposi ma 3HudceHHs: Heecmepupirosanux scuprux kuciom (HEXKK), euxiuxae
30ITbULEHHSL 6MICTY HACUYEHUX HCUPHUX KUCTOM HA (POHI 3HUICEHHS HEHACUYEHUX dcupHux kuciom. Ilapenme-
PAbHE 86€0EHHS NOPOCAMAM 3a 061 000U 00 GiOIYUEHHS TINOCOMATLHO20 NPENRAPAnty, Wwo MiCmumo gimaminu A,
D, E, L-apeinin, Lunk, Cenen, Kobanem ma Mazniu, cnpuuunse 36inouienns emicmy gocgoninioie y nimgpoyu-
max Kposi Ha 5-my 000y nicas eionyuenns. lpu ybomy 3ahikcoeano smerHumeH s CyMaphoi KiibKocmi Hacuie-
HUX JICUPHUX KUCTOM Ul 3DOCIAHHS HeHACUYEHUX JCUPHUX KUCTOM, sKe 8I00Y8AN0Ch 8 OCHOBHOMY 3d PAXYHOK
008201aHYI0208UX NONTHEHACUYEHUX HCUPHUX Kuciom. Bionyuennus nopocsam 6i0 ceunomamox npuzeooums 0o
nopyutenHs Memaboaizmy 1inidie y iXHboMy opearizmi, NPo wo c8i0HaAmsb 3MIHU HCUPHOKUCTOMHO20 CKAAOY
ainidis y nimgpoyumax kposi nopocsam. Boowouac, 3acmocysants KOMRIEKCHO20 TINOCOMATbHO20 NPENapanmy
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CIPUYUHAE KOPULYBATbHULL BNIUE HA 8MICT OKPEMUX KAACI8 AINI0i6 ma HCUPHOKUCTIOMHUL CneKkmp TiM@oyu-
mie Kposi NopoCsim 3a YMO8 ix 8I0JyHeHH s IO CBUHOMAMOK.
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B cmamve npusedensi pesynomamoi ucciedos8anull 8IUAHUA TUNOCOMATbHO20 Npenapama « Bumapmumny
Ha coomHouleHUe OMOeNbHbIX KLACCO8 0OWUX TUNUOO08 U HCUPHOKUCTOMHDBIU COCMA8 TUMDOYUMO8 KPOo8u No-
pocam & ycaosusax ux omvema. CoomHouleHue omoeibHblX K1acco8 JUNU008 8 IUMPoyumax Kposu nopociam
onpeodensany MemoooM MOHKOCIOUHOU XpOMAmMospaguu, a HCUpHOKUCLIOMHBIL COCMA8 TURUOO8 — MemO0oM
KAnUAPHOU 2a30#CUOKOCMHOU Xpomamozpaguu.

Omwvem nopocsam om CEUHOMAMOK HPUBOOUM K OCMOBepHOMY nogviuenuio Ha 10-e cymxu codepoica-
HUsL pocgorunudos 6 rumpoyumax Kpou 1 CHUINCEHUIO Heacmepu@uyuposansix sxcupnoix kuciom (HIKK),
8bI3b18ACM VBEIUYEHUE COOCPHCAHUSL HACIUYEHHBIX HCUPHBIX KUCTIOM HA (POHE CHUNCEHUS HEHACLIUEHHBIX HCUD-
Holx Kuciom. llapsaumepanbHoe 68edeHue nopocamam 3a 080e Cymox 00 Omvema IUNnoCOMAalIbHO20 Npenapamad,
cooepoicaueco eumamunsl A, D3, E, L-apeunun, unx, Cenen, Kobanom u Maenuii, npusooum K yeenudeHuro
codeparcanust pocghonunudos 6 rumpoyumax Kposu Ha 5-e cymxu nocie omvema. Ilpu smom s3agurxcuposano
CHUJICEHUE CYMMAPHO20 KOIUYECHBA HACIUEHHBIX JHCUPHBIX KUCTOM U NOBbLULEHUE HEHACHIUEeHHbIX HCUPHBIX
KUCTIOM, KOMOpoe NPOUCXO0UTIO, 8 OCHOBHOM, 3a CHem ONUHHOYENOYeUHblX NONUHEHACHIUeHHBIX HCUPHBIX KUC-
aom. Omvem nopocsim om C8UHOMAMOK NPUBOOUM K HAPYULEHUIO MemaboIU3Ma TUNUO08 8 UX Op2aHusme, 0 4em
C8UOEMENbCMBYIOM UIMEHEHUS HCUPHOKUCTOMHO20 COCTABA TURUO08 8 TUMPOYUMAx Kposu nopocam. B mo dce
8pemsl, npuUMeHeHUe KOMIIEKCHO20 TUNOCOMANbHO20 NPenapama 8bi3blédem Koppekmupyroujee enusaHue Ha co-
oepoicanue omoenbHbIX Kacco8 TUNUO08 U HCUPHOKUCTIOMHBIN CREKMP TUMPDOYUMO8 KPOBU NOPOCAM 8 YCILOBUAX
Ux omvema om C8UHOMAMOK.

Kmouesbie c1oBa: IIOPOCSTA, OTBEM, JIMITOCOMAJIBHBIN ITPEITAPAT, KJIACChHI
JIMIIAJIOB, XKUPHOKUCJIOTHBINM COCTAB JIMM®OILIUTOB

Lymphocytes are characterized by the has adjusting effect on metabolic processes, but
specific lipids composition which determines their effect is too short and requires repeated
their functional activity. Lipid compounds of injections. The liposomal drugs which under cer-
cells are responsive indicators of processes that tain conditions can be absorbed by cells to fuse
occur in the organism, and on the other hand with cell membranes (that leads to the direct
the changes of the portion of structural lipids transport of liposome contents into the cell) are
and the switch of energy metabolism from characterized of high therapeutic effect [2]. En-
the breakdown of carbohydrates to lipids is capsulation of active ingredients into liposome
an important indicator of violations of differ- can modify their release and increases the bio-
ent species [1]. availability of such drugs. Therefore, the use of

The weaning is accompanied by chang- fat-soluble vitamins and mineral elements in the
es in energy metabolism, activating free radi- form of liposomal emulsions could be an impor-
cal oxidation and damage to biological mem- tant alternative for existing drugs and signifi-
branes. The use of vitamin and mineral drugs cantly improve their performance.
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Materials and methods

Experiments were carried out on two
groups of counterpart piglets of Large white
breed. Piglets of control group to 2 days before
weaning where injected with isotonic sodium
chloride, and experimental groups — «Vitarmin»
drug [3]. Intramuscular injection was made once
at a dose of 0.1 ml/kg of body weight. The mate-
rial for the research were lymphocytes isolated
from stabilized by heparin blood taken from the
cranial vena cava of piglets 2 days before and
on the 1%, 5™ and 10" day after weaning. Individ-
ual classes of lipids were determined by thin lay-
er chromatography on silica gel [4]. Fatty acid
composition of lymphocytes was determined by
capillary gas-liquid chromatography [5] on the
gas chromatograph Hewlett Packard HP-6890.
Statistical analysis of the results was performed
using the Microsoft Excel application.

Results and discussion

The data in Table 1 suggest that the wean-
ing of piglets has no significant effect on the con-
tent of total lipids of lymphocytes. However, the
increase of content of phospholipids on the 10™
day after weaning (P<0.05) and reduce (P<0.01)

of content of non-esterified fatty acids (NEFA)
have been shown. These results may show the
adaptive reaction of piglets after weaning to
the elevation of processes of lipid peroxidation
(LPO) that reveal damaging effect on the phos-
pholipids of cell membranes of lymphocytes.
Reduction of NEFA suggests the evi-
dence of their increased utilization as an energy
source in the face of considerable energy fail-
ure that occurs in the organism of piglets during
weaning. Thus, in piglets of experimental group
lymphocytes were observed tend of the increase
of cholesterol accompanied with the decrease of
triacylglycerols. Reduction in lymphocytes of
piglets after weaning of triacylglycerol content
that belong to the reserve lipids leads to the re-
lease and subsequent oxidation of fatty acids.
Introduction of «Vitarminy» drug to pig-
lets caused increase of phospholipids content
in the lymphocytes. On the 5" day after wean-
ing the differences were also reliable. Higher
content of phospholipids in the lymphocytes of
piglets lead to higher reactivity of immune cells
because changes in their lipid composition ac-
company with the inductive phase of the im-
mune response. Probably, the resulting effect is
caused by the presence in the liposomal drug
vitamin A, D, and E. It is known that vitamin A
stimulates the synthesis of phospholipids and

Table 1

The content of total lipids and its separated classes in piglets lymphocytes (M+m, n=3-4)

G ¢ Periods of investigation
Indices ;I%IIIE:]S Day 2 befpre After weaning
the weaning Day 1 Day 5 Day 10
Total linids. /1 control 3.00£0.38 3.07+0.17 3.23+0.09 3.23+0.23
otal ipids. g experiment el 3.23+0.07 3.1340.09 3.27£0.07
Individual classes, %
N control 13.74+1.39 12.96+1.32 21.10+0.29°
+
Phospholipids experiment | o017 14.84+1.18 20.67+1 38" 21.68+1.67
control 15.45+0.76 19.8142.80 18.71%1 31
+
Free cholesterol experiment | | 203204 16.1242.01 13.98=1.11 20.39+1.56
control 16.01+0.46 14.86+1.57 9.47+1.36°°
+
NEFA experiment 20.96+1.95 16.68+1.11 13.32+1.87 9.66+0.86
. control 23.06+1.88 24.1242.03 20.15+3.48
+
Triacylglycerols experiment | 2 +>4*0-76 20.69+0.63 24.39+123 20.18+1.53
control 31.73+0.81 28.20+1.78 30.57+1.09
+
Cholesterol esters experiment | 20007 31.67+3.13 27.63+1.69 28.09+1.55

Note: Reliable differences regarding control group: *— P<0.05, **— P<0.01, ***— P<0.001; relation to the

period before weaning: °— P<0.05, °°— P<0.01, °°°— P<0.001
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the antioxidant vitamin E shows the effect on
the phospholipids of cell membranes protecting
the polyunsaturated fatty acids from peroxida-
tion [6]. Cholecalciferol is involved to the reg-
ulation of lipid metabolism and promotes the
synthesis of phospholipids [7].

The weaning of piglets leads to a sig-
nificant increase of content of palmitic acid and
decrease of stearic acid content on the Ist day
whereas the content was decreased in the lym-
phocytes of piglets of control group on the 5th
day after weaning (7able. 2). However, the con-
tent of palmitooleic acid in the lymphocytes of
piglets of control group after weaning in com-
parison with to the period before weaning was
increased (P<0.001), and oleic contrary — de-
creased (P<0.001). Studies have shown the re-
duction (P<0.001) of the content of arachidonic
and begenic fatty acids in the lymphocytes of
piglets of control group after weaning.

The changes of fatty acid lipid profile
of weaned piglets’ lymphocytes in the control
group were characterized by increasing the to-
tal value of saturated acids and decreasing of
unsaturated acids compared the period before
weaning. The reduction of unsaturated of fatty
acids in the control group of weaned piglets
was due to a possible decrease of monoenoic
acids, including oleic, eicosenoic and nervonic
acids. The studies have shown the multi-vector
changes in the control group of weaned piglets
such as changes of eicosapolyenoic acids, in
particular, the growth of content of eicosadi-
enoic (P<0.05) and linoleic acid (P<0.001) and
reduction of arachidonic (P<0.01) and eicosa-
pentaenoic acids (P<0.001). On the 1% day after
weaning piglets, the increase (P<0.01) and, on
the 5 day, the reduction (P<0.001) in the lym-
phocytes of piglets the content of a-linolenic
acid have been detected. Reduction of arachi-
donic acid may indicate its release from lym-
phocytes which increased with its subsequent
conversion into lipoxygenase and cyclooxy-
genase metabolic cascade pathways. Reducing
the amount of polyunsaturated fatty acids in the
lipid composition of lymphocytes in the blood
of piglets of control group can be explained by
their excessive involvement in the process of
lipid peroxidation.

The research has found no significant
changes in the ratio of fatty acids in the lympho-
cytes of piglets in the experimental group on the
1** day after weaning that indicates a stabilizing
effect of liposomal components of the drug on lip-
id metabolism in the organism of weaned piglets.

Administration to piglets the drug «Vi-
tarmin» causes reduction of palmitic (P<0.001)
and stearic (P<0.01) fatty acids on the 5" day
after weaning. In piglets lymphocytes the trend
to increase of palmitooleic and oleic fatty acids
content has been observed. In the lymphocytes
of piglets, trend of increase of palmitooleic and
oleic fatty acids content was observed.

Among the polyunsaturated fatty acids
the highest level of unsaturation found in the
lymphocytes of piglets of experimental group
on the 5" day after weaning. Thus, at this period,
the increasing of a-linolenic (P<0.05), arachi-
donic (P<0.001) and docosahexaenoic (P<0.05)
acids has been shown. In the lymphocytes of
experimental group piglets, high level of doco-
sahexaenoic acid accompanied with a tendency
to increase of the eicosapentaenoic acid content
can lead to a reduction of pro-inflammatory
eicosanoids and cytokines [8]. Increased fatty
acid unsaturation suggests higher adaptive ca-
pacity of animals to environmental conditions.
Vitamin D, influences the growth the phospho-
lipids content of arachidonic, docosapentaeno-
ic and docosahexaenoic acids. Vitamin A and
carotenoids affect the composition of the cell
membranes and levels of docosahexaenoic and
docosapentaenoic fatty acids [9]. Zinc increases
the activity of enzymes of system of elongation
and desaturation of fatty acids [10].

The increase of total number of unsatu-
rated fatty acids accompanied with decreasing
amount of saturated fatty acids has been ob-
served in the lymphocytes of blood of piglets of
experimental group after weaning. This effect
may be due to the effect of liposomal drug con-
sisting of antioxidants that decrease the degree
of peroxidation of polyunsaturated fatty acids.

Conclusions

It has been established that the wean-
ing of piglets leads to changes of lipid metabo-
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Table2
Fatty acid profile of lymphocytes in piglets blood (M+m, n=3-4)
Periods of investigation
Indices o fGar 1?312) :ls Day 2 befpre the After weaning
weaning Day 1 Day 5
. +0. . +0.
Mirsic, 140 | ] 0001008 s+ 09450084
n 500 " 000
o to0 | gt | oo | ADEOSTT a0
984+0.009°°° .952+0.003°°°
e T
n Y " YY)
stearic, 180 | ] 3000 0T Toars0sa0n
n 500 " 000
Oteic. 181 spetimenr | 030455 [ T dosisisiz
£0.197°%° 304+0.088°%°
Linoleie, 182 |— (] 1533280156 |0 G TS Tosaneass
e i e I
n oo " YY)
o-Linoenic 183 |— (EL—] 30930240 | R T Sadaaw
n 500 " YY)
Anchinie. 200 |— BT 100004 T 099250163
" n Y
Eicosenoic, 20:1 | — B 04970004 || batus00
+ ° + °
Eicosadienoic, 20:2 ex‘;‘:rlit;‘l’im 0.378+0.022 %,540966i%2)2011 %.54%9&%%24%
Eicosatrienoic, 20:3 ex‘;‘:rlit;‘l’im 0.738£0.028 - -
" oo " oo
Arahidonie, 204 |— (U] 07020091 |0 e L0086
Eicosapentaenoic, 20:5 ex(;)(e):lrlitflcl)eltnt 0.704+0.035 0022?5:182)120;0 O(?‘;(())jg(i(())?;;m
Begenie. 20 | R 1019200 |0 0T 093as0007
Docosapentaenoic, 22:5 ex(;(e)zlrlit;(l)int 0.992+0.177 82?23))(1)3? ?2$?iggzi
" YY) i YY)
Docosahexaenoic, 22:6 ex(;)(e)zlrlit;(l)int 1.2314+0.046 052'12 93:(())(;4; 9 012537200;) 29 ox
R
ST S e
X saurted xpetimen 2.2 s s
Lunsturtod [ 1563 70 o

lism in their body as evidenced by an increase
of phospholipids and decrease the content of
NEFA in the lymphocytes on the 10" day after
weaning.

Introduction of drug «Vitarmin» to pig-
lets two days before weaning reliably contrib-

uted to an increase of phospholipids content on
the 5™ day after weaning. Thus, on the 1% and
5% day after weaning, the decrease of saturated
fatty acids accompanied with the increase of
unsaturated fatty acids that exhibit bio-effective
properties, including such polyunsaturated fatty
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acids as arachidonic, docosahexaenoic and doc-
osapentaenoic acids.

Perspectives of future research. It is
reasonable to study the influence of this immu-
notropic liposomal drug on the performance of
antioxidant and nitrogen oxide system as well as
mineral metabolism in the organism of piglets.
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