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The research is devoted to the study of peculiarities of oxygen
consumption intensity and the activity of enzymes of antioxidant
protection of bull sperm due to the action of L-carnitine. We used
bull sperm that was mixed with sperm dilution for the “Bioexel”
to the ratio 1:1. Diluted semen was divided into two parts — one
control and three experimental. L-carnitine was added to the dil-
uent in the amount of 10 mg/100 ml in part 2, 30 mg/100 ml in
part 3, and 60 mg/100 ml in part 4; the sperm was dissolved in
this liquid to the ratio of 3:1. The intensity of oxygen consump-
tion, the activity of enzymes superoxidedismutase, catalase, glu-
tathioneperoxidase and survival of spermatozoa were thoroughly
investigated in the diluted semen. L-carnitine, which was added
to the diluent of semen 10 and 30 mg/100 ml, stimulates aerobic
glycolysis by 5.9 and 11.9%, and decreases oxidative processes by
5.6% and 11.4%, respectively. It is not related to the synthesis of
ATP. It increases the survival of bull spermatozoa. The results of
current research show that carnitine promotes a rise in the ac-
tivity of CAT and GPO, and the activity of SOD decreases. We
established that L-carnitine impacts the reduction of the overall
consumption of oxygen by increasing the share of mitochondrial
oxygen consumption and aerobic glycolysis, along with the de-
crease in free radical oxidation. It is probably related to the met-
abolic activation between the semen and the environment. We
found that the optimal concentration of L-carnitine in the bull
diluted sperm is 30 mg/100 ml.
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INTRODUCTION

of ejaculates the use of substrates, survival, and
the ability to fertilize gametes changes.

Physiological quality of sperm, its survival and
fertilization are defined by biochemical processes
that occur in the male and female body in vivo,
and in habitats in vitro. However, depending on
the components and their ratio in the dilution
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It is known (Agarval et al., 2005) that after
ejaculation spermatozoa have weak endoplasmic
protection and are the most sensitive to oxidative
stress. This is due to the change of environment,
aeration, and the access to the secret ejaculate of
active forms of oxygen (AFO), which are involved
in the regulation of the basic functions of male
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germ cells (Aitken et al., 1996). The determin-
ing factor in this process is the amount of ab-
sorbed oxygen (Noland et al., 2009). Thus, any
damage to the inner mitochondrial membrane
activity violates the chain of the electron trans-
port, contributing to the generation of the AFO
(Calo et al., 2006; Vlizlo et al., 2012). There-
fore the respiratory activity of cells, except for
the processes that provide energy, characterizes
oxidative processes which are associated with
the formation of AFO.

An important role in cell energy processes
is performed by L-carnitine, which regulates
the intensity of energy metabolism in mito-
chondria. The association has acylic radical re-
lease of CoA and connects the bound interme-
diates of the oxidative processes (Di Paolo et al.,
2006). L-carnitine is found in high concentra-
tions in the epididymis (Hu et al., 2010), where
it plays an important role in sperm maturation,
affects its mobility, and serves as an antioxidant
(Eskenazi et al., 2005).

MATERIALS AND METHODS

We studied the intensity of oxygen consump-
tion and the activity of enzymes of the antioxi-
dant system in the semen of bulls. The aim of
this study was to investigate the impact of L-car-
nitine on the intensity of redox processes in se-
men and to identify links between biochemical
and physiological parameters of the ejaculates.
The study was done at the Institute of Ani-
mal Biology of the National Academy of Agri-
cultural Sciences of Ukraine. The material for
laboratory research was semen of 6-year-old
Holstein bulls. Ten samples of their sperm dilut-
ed 1:1 were used for the experiment. They were
divided into one control and three experimental

Table 1. The scheme of the experiment

parts (Table 1). The proportion of the diluent to
the diluted semen carnitine was 3 : 1.

The intensity of oxygen consumption is po-
larographic (ng-atom O/min x 0.1 ml of semen)
at the temperature of 38.5°C, the activity of en-
zymes superoxidedismutase (SOD), catalase
(KAT), and glutathioneperoxidase (GPO) were
investigated (Vlizlo et al., 2012) in the diluted
semen. Determination of oxygen consumption
was carried out polarographically (ng-atom
0O/0.1 ml of sperm suspension per minute) in
a thermostated cell (+38.5°C) with automatic
registration of the process. The method is based
on the ability of sperm to “absorb” oxygen and
to change the oxidation-reducing potential,
with what changes the voltage on the electrodes,
which is recorded by the polarograph and po-
tentiometer. In this case, we used inhibitors:
glycolysis - NaF; NADH-dependent part of
the respiratory chain - amital; terminal - NaN..
The activity of SOD was determined by the lev-
el of inhibition by the enzyme of the reduction
of nitrosine tetrazolium using a spectropho-
tometer at a wavelength of 540 nm. The activity
of KAT was determined by a method based on
the ability of the hydrogen peroxide to form
a coloured complex with molybdenum salts,
which was measured on a spectrophotometer
at a wavelength of 410 nm. The activity of GPO
was determined by the rate of oxidation of glu-
tathione using a spectrophotometer at a wave-
length of 412 nm. We also determined the sur-
vival of sperm at the temperature of 2-4°C until
they stopped their movement. Statistical analy-
sis of the results was carried out using the pro-
gram Microsoft Office Excel.

It is known that sperm produces ATP dur-
ing glycolysis and respiration. In order to estab-
lish the amount of the oxygen that cells used in

Parts of sperm Diluent

The added quantity of L-carnitine

1 - control Bioexel

2 - experimental

3 - experimental

4 - experimental

Bioexel and added L-carnitine

10 mg/100 ml
30 mg/100 ml
60 mg/100 ml




308 Viktoriia Koberska, Oleh Yermishev

these processes, we added the following inhibi-
tors to the semen: aerobic glycolysis — sodium
fluoride (NaF; 10 M), NAD-dependent elec-
tron transport chain parts — amital (5 x 10°M)
and terminal parts (cytochrome) - sodium
azide (NaN_; 5 x 10 M). To determine the pro-
portion of the oxygen consumed during the ox-
idation of free fatty acids, we used Na,EDTA
(0.6 x 10~ M). The research on the intensity of
breath spermatozoa was provided in phosphate-
saline buffer (NaCl - 0.8 g, KCI - 0.02 g, Na H-
PO, - 0.11 g, KH,PO, - 0.02 g, MgCL - 0.01 g,
H,O - 100 ml).

RESULTS

The results showed that the presence of L-car-
nitine in bull sperm affects the physiological
parameters and changes in the respiratory ac-
tivity of sperm (Table 2).

Our research showed that the addition of
L-carnitine to the semen affects the respiratory
activity of spermatozoa. We established a prob-
able decrease of oxygen consumption that was
within 10.17 and 13.88 ng-atom O/min x 0.1 ml
of semen. It should be noted that the intensity of
oxygen consumption by sperm using the elec-
tron transport links to the acceptor (oxygen) is
also different in experimental parts of sperm if
compared to the control one. Particularly, the di-
lution of ejaculates with carnitine at the concent-
ration of 10 mg/100 ml, the quantity of oxygen
consumed by aerobic glycolysis was 2.9 ng-atom

O/min x 0.1 ml of semen (23.2% of the oxy-
gen used by semen), at the concentration of
30 mg/100 ml - 2.97 ng-atom O/min x 0.1 ml
of semen (29.2%), and at 60 mg/100 ml - 2.8 ng-
atom O/min x 0.1 ml of semen (27.4%). But in
the control part the respiratory activity level was
2.4 ng-atom O/min x 0.1 ml of semen that cor-
responded to 17.3% of the total consumption of
oxygen.

We also found a difference in the inten-
sity of respiration by NAD-dependent mito-
chondrial respiratory links in the chain. With
the dilution of ejaculates in parts 2, 3, and 4,
the amount of the activity of the respiratory
electron transport system was 1.94; 2.43; 2.28
ng-atom O/min x 0.1 ml of semen. It was
15.7%, 23.9%, and 22.4% of the total consump-
tion of oxygen, respectively. In the control part,
the consumption amounted to 1.55 ng-atom
O/min x 0.1 ml of semen (11.2%).

Thus, the semen with L-carnitine had
a higher level of electron transport through
NAD-dependent mitochondrial respiration
link of spermatozoa, while the highest oxygen
consumption was in part 3.

The oxygen consumption by the terminal
link of airway in the second part of sperm was
20.2%, in part 3 - 17.7%, and in part 4 - 19.6%
of the oxygen consumed by sperm, while in
the control part this index was 15.1%. Conse-
quently, the use of carnitine improves electron
transport through a terminal respiratory chain
of spermatozoa to the acceptor - oxygen.

Table 2. Intensity of oxygen consumption by bull sperm that was diluted after adding L-carnitine

M £t m,n=10)

Oxygen consumption,

Parts of sperm

ng-atom O/min x 0.1 ml st 2-10mg/100 ml | 3 -30mg/100 ml | 4 - 60 mg/100 ml
of semen L-carnitine L-carnitine L-carnitine
Sperm 13.88 £ 0.55 12.39 £ 0.61 10.17 £ 0.67*** 10.18 + 0.44***
under the action of in-
hibitors: NaF 11.48 £ 0.59 9.51 +0.70 7.20 £ 0.36*** 7.39 + 0.28%**
Amital 9.93 +0.32 7.57 +0.54** 4.77 £ 0.370* 5.11 + 0.30***
NaN;, 7.83+0.32 5.08 + 0.29*** 3.02 £ 0.20*** 3.13 + 0.29%**
Na, EDTA 5.50 £ 0.35 3.69 £ 0.18%** 2.47 £ 0.24%* 2.51 £ 0.19%**

* - p<0.05** - p<0.01;*** - p <0.001, the results are probably related to the values in the control part.
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The use of Na,EDTA shows the inhibition of
free radical oxidation of unsaturated fatty ac-
ids in semen which was diluted with the addi-
tion of carnitine. In the control part of sperm
oxygen consumption in these processes were
the largest and constituted 16.8% of the oxy-
gen consumed at the a time when in parts 2, 3
and 4 this ratio was 11.2%, 5.4%, and 6.1%, re-
spectively. Thus the diluted semen of bulls with
the addition of L-carnitine along with the nor-
malization of links in the chain of breath sper-
matozoa. Free radical oxidation of unsaturated
fatty acids is inhibited.

We found changes in the respiratory activity
of bull sperm due to the actions of carnitine,
which agrees with the activity of antioxidant
enzymes (Figure).

The results of the current study show that
carnitine promotes the increasing activity of
CAT and GPO, and the activity of SOD de-
creases.

Thus, the increase of carnitine in the com-
position of the diluent to 10 and 30 mg/100 ml
helped to reduce the activity of SOD by 34.5%
(p < 0.001) and 27.6% (p < 0.001), respec-
tively, compared with the control part. How-

ever, the activity of this enzyme in part 4 of
the ejaculate (60 mg/100 ml) was higher than
in parts 2 and 3, and it was close to the con-
trol part. The activity of CAT and GPO in di-
luted semen with concentration of carnitine
10 mg/100 ml was higher by 25.4 (p < 0.05) and
32.7% (p < 0.001), respectively, and in part 3 of
ejaculate (30 mg/100 ml) it was higher by 22.4%
and 38.7% (p < 0.001), compared with the con-
trol part.

The dynamics of the activity of antioxidant
enzymes in part 4 of the ejaculate was somewhat
different. Thus, in the sperm with the high-
est concentration of carnitine (60 mg/100 ml)
the catalase activity dropped by 12.9% com-
pared to the dilution of 30 mg/100 ml. The ac-
tivity of GPO in part 4 of the ejaculate was pre-
vailed five times (p < 0.001) than the indicator
in the control sperm and was the highest.

It was established that the quantity of carni-
tine was an important aspect that could regulate
oxidative processes in the sperm. The results
confirmed that the biochemical effect of the in-
vestigated substance depended on its concentra-
tion in sperm. Thus, L-carnitine served as the ef-
fector (activator or inhibitor) of the enzymes.

Control part 2 - 10 mg/100 ml
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Figure. The activity of antioxidant enzymes of diluted bull sperm after adding L-carnitine (M + m, n = 10)

*— p<0.05** - p<0.01;*** - p < 0.001, the results are probably related to values in control part
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Therefore, to establish the efficiency of a differ-
ent L-carnitine quantity in the diluent composi-
tion, the survival of spermatozoa at the temper-
ature of 2-4°C was defined. It had the highest
rates in parts 2 and 3 - 13% (p < 0.001) and 21%
(p < 0.001), respectively — compared to the sur-
vival in the control part. However, the survival
of spermatozoa in part 4 was lower by 9% than
in the control part.

The research results established that the con-
centrations of L-carnitine in the proportion of
10 and 30 mg/100 ml revealed a protective ef-
fect after adding of the sperm diluent and im-
proved the parameters of semen.

DISCUSSION

L-carnitine reduces the overall consumption of
oxygen by increasing the share of mitochondri-
al oxygen consumption and aerobic glycolysis,
while free radical oxidation decreases. Probably
it is related to a metabolic activation between
the semen and the environment. It is possible
that under the influence of L-carnitine, sper-
matozoa use more exogenous energy substrates
for the resynthesis of ATP (Hu et al., 2010).
Thus, L-carnitine realizes hydration properties
and interacts well with the components of envi-
ronment and cell membranes.

We believe that the reduction of the con-
centration of free fatty acids, which are the main
substrate for the formation of free radicals, is
one of the main mechanisms of efficacy of L-
carnitine. It is possible that the action of L-car-
nitine is activated using lipids in the energetic
metabolism of spermatozoa. However, the nor-
malization and maintainance of the energetic
metabolism of cells is implemented by provid-
ing the formation of acetyl-CoA in the mito-
chondrias, the delivery of substrates oxidation
in the Krebs cycle, and the activation mecha-
nisms of fatty acids -oxidation.

A possible reason for increasing the survival
of spermatozoa is the ability of carnitine to sup-
port the mitochondrial membrane potential, its
influence in the use and utilizationof substrates,
and its antioxidant properties (Di Paolo et al.,
2006).

Thus, L-carnitine affects the intensity of
oxygen consumption in sperm. Its action pro-
vides the different ability to use and utilize
the energy substrates of the environment. This
is probably due to the activation of the oxida-
tive energy metabolism with the participation
of L-carnitine and effective disposal of toxic
metabolites (Eskenazi et al., 2005). In this case,
antioxidant enzymes are transforming AFO in
semen with the formation of endogenous oxy-
gen that, as a result, provides the maintenance
of oxygen homeostasis of spermatozoa. Such
conclusions are consistent with changes in ac-
tivity of catalase and glutathione peroxidase
that are directly involved in the formation
of endogenous oxygen. Thus, there are some
changes in the use of acceptors, from intracel-
lular to extracellular.

It is obvious that the reduction of SOD ac-
tivity is caused by the decreasing of substrate
in the environment — superoxide anion radical,
produced in smaller quantities in redox reac-
tions in sperm. It is likely that the reduction of
the SOD activity occurs because of the effect
of carnitine in the multi-redox system cells.
In this way it induces the synthesis of the en-
zyme by increasing concentrations of electron
donors, or inhibits it in the case of accumu-
lation in cells acceptors (Aitken et al., 1996).
One can say that the CAT destroys the inhibi-
tor of SOD - hydrogen peroxide, thus support-
ing the SOD activity on a certain level and, in
our opinion, the work of these two enzymes
is synchronized optimally. When catalase
(CAT) functions as an oxidant, the process of
reduction of hydrogen peroxide takes place to
form molecular oxygen. This compensation
increases the useful life of exogenous oxygen
in sperm during energy transformation. Thus,
in the metabolic processes of oxidative phos-
phorylation the share of molecular oxygen is
returned to the body that is restored to one-
electron way. It is likely that carnitine affects
the intensity of aerobic oxidation restored
equivalents and the catalase prevents the accu-
mulation of hydrogen peroxide.

The main and universal physiological regu-
lator of AFO is a GPO, which regulates small
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physiological concentrations of H,O,and restore
shydroperoxides of polyunsaturated fatty acids,
phospholipids of membranes, and other per-
oxide compounds (Agarval et al., 2005; Eske-
nazi et al., 2005). The increase in experimental
semen activity of GPO is the evidence of the re-
duction of the lipid peroxidation intensity and
antioxidant properties of carnitine, which are
consistent with a decrease in oxygen consump-
tion using Na,EDTA inhibitor.

We found the optimal concentration of
L-carnitine in diluted bull sperm, which is
30 mg/100 ml. This dose inhibits the intensity
of reactive oxygen bulls’ sperm production,
normalizes the activity of antioxidant enzymes
and promotes the growth of the metabolic ac-
tivity of gametes, which increase the survival of
spermatozoa.

CONCLUSIONS

L-carnitine is involved in the normalization
of cellular metabolism in the conditions of
development of oxidative stress, because it
improves the use of substrates environment,
reduces oxygen consumption by cells, and
provides a protective effect. The use of L-car-
nitine as a part of a diluent for sperm provides
a regulatory effect to the activity of enzymes of
the antioxidant protection system, mitochon-
drial respiratory chain, and the intensity of
oxygen consumption. It leads to the improve-
ment of physiological parameters of semen. L-
carnitine, which was added to the diluent of
semen in proportions of 10 and 30 mg/100 ml,
stimulates aerobic glycolysis by 5.9% and
11.9%. It decreases oxidative processes that
are not related with the synthesis of ATP by
6% and 11.4%, which increases the survival
of bull spermatozoa. For the improvement of
the biochemical parameters and the quality of
sperm, it is recommended to add L-carnitine
in the diluent for the sperm in the amount of
30 mg/100 ml.
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L-KARNITINO POVEIKIS DEGUONIES
SUNAUDOJIMO INTENSYVUMUI BULIUY
SPERMOJE

Santrauka

Tyrimas skirtas iSstudijuoti L-karnitino poveikij bu-
liy spermos deguonies sunaudojimo intensyvumui
ir fermenty antioksidacinei apsaugai. Sviezi buliaus
spermatozoidai buvo sumai$yti su spermos skiedi-
Kkliu ,,Bioexel santykiu 1:1. Spermos skiedinys buvo
padalytas j 4 dalis (kontroliné ir 3 eksperimenti-

nés). Praskiestas tirpalas papildytas L-karnitinu
(10 mg/100 ml; 30 mg/100 ml; 60 mg/100 ml) ir
$iuo paruostu tirpalu sperma atskiesta santykiu 3:1.
Tyrimo rezultatai rodo, kad optimalus L-karnitino
koncentracijos kiekis buliy spermos skiedinyje yra
30 mg/100 ml. Si dozé slopina reaktyviojo deguo-
nies gamybos intensyvumga buliy spermoje, norma-
lizuoja antioksidantiniy fermenty aktyvumga, ska-
tina gamety metabolinj aktyvuma, o tai padidina
spermatozoidy islikimo galimybe.

Raktazodziai: deguonies sunaudojimas, anti-

oksidaciniai fermentai, L-karnitinas, sperma, buliai



