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PHOSPHOLIPIDS CONTENT IN BULL SPERM UNDER
THE INFLUENCE OF L-CARNITINE

The changes in the composition of phospholipids in the semen of bulls for the actions of different doses of L-carnitine in
their diet were investigated. In bulls semen there were identified that phospholipids fractions of lizophosphatydylholin,
sphingomyelin, phosphatidylinositol, fosfatydyl-serine, phosphatidylcholine, cardiolipin, phosphatidylethanolamine and
phosphatidic acid. Adding to feed of L-carnitine causes a change in the ratio between different fractions of phospholipids. The
probable increase in the relative content of phosphatidylcholine and phosphatidylethanolamine was established. The content of
lizophosphatidylholin in semen of research bulls for the entire study period was significantly decreased, which is probably
associated with a decrease in intensity of free radical oxidation of phospholipids. L-carnitine has a positive effect on the
metabolism of spermatozoa, stabilizing their structure and increasing the protective capabilities of sperm.
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Statement of the problem. Phospholipids are the main structural components of cell membranes.
They regulate the mobility and activity of membrane proteins which determine the adaptation potential
of the cells [4, 11]. Great heterogeneity and multiplicity of molecular forms within individual classes of
lipids can show them as compounds that determine the ultrastructural organization and function of
cellular structures. The evidence of that are the specific composition of phospholipids in different types
of biological membranes and specificity of lipid and fatty acid composition [4].

Phospholipids play an important role in the life of sperm as one of the most important biological
effectors, regulators and mediators involved in almost all physiological processes. Value of certain
subclasses of phospholipids, the level of unsaturation of fatty acids, which are included in their
composition determine the fluidity of the lipid bilayer membrane affecting the ordering of the lipid
molecules and the nature of lipid-lipid and protein-lipid interactions [5]. Increase of the lipid phase of
the plasma membrane microviscosity leads to decrease of membrane-bound enzymes activity and
violation of other important cell processes [8, 12].

It is known [4] that the exchange and recovery of membrane phospholipid fatty acid composition
depends on the availability of long-chain acyl-CoA. In this respect, the role of L-carnitine is defined as
acyl residue supply costs without ATP levels and support cellular CoA-SH at the required level.
However, the available datas in the scientific literature of this kind are fragmentary and insufficient for
broad generalizations. In particular, there is little information about the effects of L- carnitine as
vitamin-like substance. In this way L-carnitine is the active metabolite of lipid metabolism which cause
changes in the composition of phospholipids in the semen. The relevance of these studies is due to the
central position of phospholipids in ensuring the ultrastructure and function of the sperm cell membrane
[1]. In this regard, the aim of our study was to investigate changes in the composition of phospholipids
in the bulls semen under different doses of L-carnitine in their diet.

Materials and methods of research. The study was conducted on the basis of the genetic Ukrainian
company «UGC» and the Institute of animal biology at the NAAS. According to the analogues principle
there were formed three groups of bulls with 4 heads each. Bitterns of the 1st group received standard
feed (regular diet) and served as a control, and the 2nd and 3rd bitterns groups were fed for 75 days in
addition to the basic diet with the L-carnitine (commercial name "Karnipas", produced by Loman animal
health, Germany) in the amount of 20 g / head and 40 g / head accordingly.

The native sperm served as the material for the study. It was mixed with the Bioexel medium for
dilution (1:1), the Folch's method was used to extract lipids [10]. Phospholipids were separated by one-
dimensional thin chromatography layer[1], followed by their identification with the color reaction. The
obtained statistical data was processed by Microsoft Excel.

Results and discussion. By the thin chromatography layer the following classes of phospholipids in the bulls
semen were identified: lizophospfatidylholin  (LPH), sphingomyelin (SM), phosphatidylserine (PS),
phosphatidylcholine (PH), phosphatidylinositol (P1), phosphatidylethanolamine (PEA), cardiolipin (CL) (Fig. 1).
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Fig. 1. The phospholipids fractions content in the bulls semen before the introduction
of L-carnitine (a) and after 75 days of its use (b), %.

The activation of phospholipids' anabolism was found in bulls semen with the influence of L-
carnitine in both research groups. The activation goes mainly due to an increase in the relative content of
phosphatidylcholine and phosphatidylethanolamine (Table 1).

At the beginning of the experiment the level of phospholipids was approximately the same in all
groups of bulls, but later a gradual increase was noted in their content in groups treated with the
investigational drug. Thus, the relative content of phosphatidylcholine (Fig. 2) significantly increased
and after 75 days of feeding Karnipasu was higher compared to the control by 25% (p <0,001) in the
second group and by 24,3% (p <0,001) — in the third. That probably is a consequence of reduced activity
of phospholipase A2, an enzyme that catalyzes its hydrolysis from the phosphatidic acid [6, 7].

Table 1 — Content of phospholipids in the bull-sires semen under the action of L-carnitine, % (M + m; n = 4)

GROUPS
Index 1 control 2 —research 3 —research
(20 g/head) (40 g/head)
1 2 3 4
Before the introduction
Lysophosphatidylcholine 6,82+0,57 6,79+1,14 6,72+1,02
Sphingomyelin 7,08+0,52 6,99+0,63 6,38+0,82
Phosphatylserine 7,43+0,56 7,64+1,29 7,17+0,56
Phosphatidylcholine 6,66+0,28 6,51+0,41 6,68+0,63
Phosphatidylinositol 7,07+0,53 7,18+0,55 7,29+1,03
Phosphatidylethanolamine 9,96:0,30 8,35+0,40 9,05+0,59
Cardiolipin 15,91+0,34 15,6+0,33 15,71+0,44
Phosphatidic acid 39,83+0,27 40,95+1,16 40,99+0,49
After 27 days from the start of introduction
Lysophosphatidylcholine 8,07+0,66 7,73+£0,49 7,74+0,23
Sphingomyelin 7,5+0,43 7,87+£0,24 7,94+0,30
Phosphatylserine 6,72+0,27 7,06+£0,52 7,67+0,63
Phosphatidylcholine 7,78+0,27 8,46+0,13 8,96+0,67
Phosphatidylinositol 11,74+0,32 11,42+0,5 11,1+0,42
Phosphatidylethanolamine 11,7+0,59 12,81+0,57 12,82+0,58
Cardiolipin 13,11+0,21 12,9540,26 11,96+0,52
Phosphatidic acid 33,37+0,83 31,69+0,38 31,8+0,05
After 75 days from the start of introduction
Lysophosphatidylcholine | 8,02+0,26 | 6,93+£0,22% 7.25+0,06%
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Sphingomyelin 7,46+0,46 7,99+0,18 7,83+£0,14
Phosphatylserine 7,6£0,58 7,37+0,21 7,43+0,15
Phosphatidylcholine 6,33+0,06 7,91£0,04%** 7,87+0,06%**
Phosphatidylinositol 11,75+0,39 11,27+0,38 11,09+0,38
Phosphatidylethanolamine 12,26+0,35 13,23+0,34 12,87+0,32
Cardiolipin 13,82+0,33 14,34+0,08 14,31+0,46
Phosphatidic acid 32,65+0,85 30,94+0,92 31,35+0,27
After 22 days from the end of introduction

Lysophosphatidylcholine 7,97+0,17 7,01£0,11%* 6,98+0,06%*
Sphingomyelin 7,43+0,24 7,57+0,19 7,70+0,14
Phosphatylserine 7,57+£0,45 7,47+0,19 7,49+0,08
Phosphatidylcholine 6,42+0,08 7,79+£0,07%*** 7,84+0,04***
Phosphatidylinositol 11,57+0,26 11,30+0,27 11,31£0,21
Phosphatidylethanolamine 12,13+0,09 13,08+0,33* 13,12+0,06%%**
Cardiolipin 14,00+0,21 14,46+0,05 14,46+0,28
Phosphatidic acid 32,88+0,38 31,31+0,28* 31,08+0,06%*

Note. * — P <0,05; ** — P <0,01; *** — P <0,001, results are compared with the values of parameters in the control group.
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Fig. 2. Dynamics of the relative content of phosphatidylcholine in the bulls' semen
under the influence of L-carnitine (%b).

This view was confirmed by a significant reduction in the final product of enzymatic hydrolysis FH —
lizophosphatidylholin (Fig. 3). Its number in the animals' semen of the 2nd and 3rd groups decreased respec-
tively by 13,6% (p <0,05) and 9.7% (p <0,05). The same trend continued until the end of the experiment and
it had a prolonged effect after feeding supplements. The increase of phosphatidylcholine in the 2nd and 3rd
groups was by 21,3% (p <0,001) and 22,1% (p <0,001) with a parallel reduction of lizofosfatidylholin — 12 %
(p <0,01) and 12,4% (p <0,01) respectively, compared to the control animal groups.
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Fig. 3. Dynamics of relative lizophosphatidylholin content in bull* semen under the L-carnitine action (%6).

During the experiment there was also found the tendency to increase the relative content of
phosphatidylethanolamine, that reached a maximum value at the end of the experiment. Thus, the index
values were significantly higher in the 2-nd group by 7,8% (p <0,05) and in the 3rd group — by 8,2% (p
<0,001) compared with control after 22 days from the end of the feeding by specified supplements. The
increase of the phosphatidylethanolamine content may be due to the fact that this phospholipid is
involved in many physiological processes: reactions of detoxification, energy metabolism, activation
and regulation of lipase activity of various transmembrane proteins consonant with the literature [13].

At the beginning of the experiment bulls' sperm showed the maximum relative cardiolipin content,
which is the specific mitochondrial phospholipid (15.7 % of total phospholipids). During the first period
of the experiment the cardiolipin content showed a downward trend in the animals of groups 1 and 2,
and after 75 days from the start of supplements and before the end of the experiment gradually increased
and it had the same values in both experimental groups, which was by 3.8 % higher compared to the
control. During the experimental period, significant changes in the dynamics of the relative content of
other fractions of phospholipids in the bulls' semen were not found.

Analysis of the research results found little variation phospholipid fractions in sperm that obviously
connected with the influence of hot summer season, individual characteristics of bulls and technology to
prepare them for semen collection.

An important aspect is to establish the fact of increasing the phosphatidylcholine and
phosphatidylethanolamine number in sperm of experimental animals. These phospholipids contain highly
sensitive to the action of AFO polyunsaturated fatty acids and therefore they are the important substrate for
free radicals. Changes of their contents may indicate the direction of free-radical processes of lipid
peroxidation in bulls semen. The intensity of lipid peroxidation processes influenced by other substances,
including lizofosfatidylholin which can activate lipid peroxidation. Thus, the lizofosfatidylholin content in
bulls' semen for the entire experimental period of the study was significantly decreased, which is probably
due to the increase in the content of phosphatidylcholine and phosphatidylethanolamine and reduced intensity
of free radical oxidation of phospholipids by the action of carnitine. This confirms the relationship of
activation of lipid peroxidation with one of the manifestations of the lipid triad injury, which is called
lizofosfatidylholin accumulation [2]. Reduction of phosphatidic acid in the semen was admited in animals fed
with L-carnitine. It can be explained by the fact that it is a product of the phospholipase enzymes action, the
activity of which is reduced by the action of additives, acting in cellular matrix as second messengers [10].

The addition to feed L-carnitine causes a change in the ratio between different fractions of bull
sperm phospholipids. In particular, it reduced the lizofosfatidylholine content on background of relative
increase of phosphatidylcholine, phosphatidylethanolamine and cardiolipin. This suggests that L-
carnitine has a positive effect on sperm metabolism, stabilizing their structure and increasing the
protective capabilities of sperm.
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Prospects for further research. It is interesting to study the correlative patterns of changes in
phospholipid composition and content of the lipid peroxidation products in blood and semen of animals
in interrelation with physiological indicators of sperm.
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Bumict ocdoaininiB y cniepmi 0yrais 3a aii L-kapHiTuny

B.A. Kobepcbka, C.1. LlexmicTpenko

JocmimpkyBany 3MiHK ckiaany ¢ocdomniaiB y cnepmi Oyrais 3a aii pi3HuX 103 L-kapHiTHHY B iX parmioni. Y criepmi Oyrais-
IUTITHAKIB BHsiBIIeHI (ocdomimian dpakuiid mizodhocharunmixoniny, chinroMieniny, GocharuamtiHo3uToIy, hochaTHami-
cepuny, hochatummrxoniny, kapaionininy, Gocharumuneranonaminy ta ¢pochaTuaHoi kuciaoTH. JlogaBaHHS 10 KOMOIKOpMY

96



TexHOAOTI BUPOOHHIITBA 1 ITepepOOKH IIPOAYKLIT TBapuHHuIrTea, Ne2’2014

L-kapHITHHY CHpUYMHIOE 3MIHH Yy CIIBBIIHONIEHHI MiDX OKpeMHMH ¢pakmismu ¢ocdomininis. Becranosneno BiporigHe
30UTBIIEHHST BIHOCHOTO BMICTY (ochaTHIIXoniHy Ta (docharuauieranoidamMiny. Bmict mizodocdaruaminxoniny B crepmi
nocnigHux OyraiB 3a Bech Iepio]] MOCHI/DKEHHS IOCTOBIPHO 3MEHINYBAaBCs, IO, MMOBIPHO MOB’S3aHO i3 3HIDKCHHAM
IHTEHCUBHOCTI TIPOIECIB BUIPHOPAIUKAJIHHOTO OKHCHEHHS (ocdouimimiB. L-KapHITHH MO3UTHUBHO BIUIMBAE HAa METAa0ONI3M
crepMmiiB, CTabUTi3yI0uH iX CTPYKTYpY Ta HiABUIIYIOUH 3aXHCHI MOKIIMBOCTI CIIEPMHU.

KarouoBi cioBa: cmepma, Oyrai, KapHiTuH, cdinromienin, Qocharuauncepus, GocdaTuarIeTAHONAMIH,
bocharuauaxonid, KapAiominit, gizodochaTuauaxomnid, GochaTuamTiHO3uTON, GochaTHIHa KHCIOTA.

Conep:xanue pochoannnios B criepMe ObIKOB 10J AeiicTBHEeM L-kapHuTHHA

B.A. KoGepckas, C.H. LlexmucTpeHko

HccnenoBam n3MeHeHNst cocTaBa (OoCQOIUITIIOB B CIiepMe OBIKOB IIPH ACHCTBHUH PA3INIHBIX 103 L-KapHUTHHA B MX palHoHE.
B cmepme ObikoB-npom3BoguTeneil  oOHapyxeHBI (ochomrmuasl  Gpakmmid  m30hochaTHANIXONMHA, COUHTOMHENNHA,
¢dochatnmmiceprHa, (GochaTuIMHO3UTONA, (GochaTHIMIXoMHa, KapAUOIHINHA, (ochaTHIIITaHOIaMUHA 1 (ochaTHIHON
KUCIOTHL. BBeneHne B KOMOMKOpPM L-KapHUTHHa W3MEHSCT COOTHOLICHHE MEXAY OTIACIBHBIMU (QPaKmsIMU (OCHOIHITNIOB.
VYCTaHOBIIEHO JIOCTOBEpHOE YBEIMYECHHE OTHOCHTENBHOTO conepxanus (ocharuamixommaa ¥ GochaTimnTaHOIAMIHA.
Copneprxanue u30(pochaTnIMIXOIMHA B CIIEPME OIBITHBIX OBIKOB BO BCEM NEPUOJE MCCIEIOBAHHS JJOCTOBEPHO YMEHBIIATIOCH, YTO
BEPOSITHO CBSA3aHO CO CHIKCHHEM HMHTEHCUBHOCTH IIPOLIECCOB CBOOOAHOPAIMKAIBHOrO OKHCIeHHs (ocdonmumuuo. L-KapHUTHH
TOJIO)KUTEIIBHO BIMACT HAa METa00JIN3M CHIEPMUEB, CTAOMIM3HPYS UX CTPYKTYPY U IIOBBILIAs 3alIUTHBIC BOSMOXXHOCTH CIICPMBL.

KiaroueBble cioBa: crepma, ObIKM, KapHUTHH, chuHromuenus, ¢ocharuauiceput, ¢ochaTHIUIITAHOTAMIH,
(bochaTHIHIXOMH, KapAUOIHUIHH, 130 (0ochaTuAUIX0THH, GochaTHIUITHHO3UTON, PochaThIHAS KHCIIOTA.
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