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We studied the intensity of lipid peroxidation (LPO) and the status of antioxidant system in blood of 6-60 months ostriches. We
proved that specific functioning of the antioxidant system and the accumulation of lipid peroxidation intermediates characterized
each period of ostrich life cycle. Thus, the period of puberty was accompanied by intensification of lipid peroxidation in ostrich blood
serum and this was confirmed by a significant increase in the amount of TBA-reactive substances. This could be the consequence of
the insufficient activity of enzymes of the antioxidant system (catalase, glutathione-S-transferase, glutathione reductase). The egglaying peak was characterized by the increased body metabolism, which caused the activation of free-radical oxidation. The
concentration of lipid hydroperoxides and diene conjugates increased and the TBA-reactive substances did not change significantly.
Antioxidant protection of the blood during this period was mainly caused by the significant concentration of ceruloplasmin and
reduced glutathione due to the increased activity of glutathione reductase. We supposed that the period of puberty and intensive
period of egg laying in ostriches should be referred as the periods of stress of metabolic processes with increased intensity of lipid
oxidation, associated with the certain changes in ostrich physiological and functional state.
Keywords: Blood serum; Oxidative stress; Antioxidant; Lipid peroxidation; Antioxidant system enzymes; Ostriches; Struthio
camelus domesticus.

Introduction
Modern poultry consider new species in order to increase production and expand its range. A rather new, but very promising
industry, ostrich farming, is acquiring special development (Beregovij, 2012). In Ukraine, the ostrich production market is practically
absent, so producers of ostrich meat can work with minimal competition with a smooth, uninterrupted sale mode.
The first African ostrich breeding farms appeared in 30-40 years of XIX century in South Africa (Cloete et al., 2008; Brand et al.,
2018). At the beginning of the twentieth century, the number of ostriches kept in farms was about one million. However, after
World War I, the demand for ostrich feathers fell sharply, which led to a complete decline in the industry. In the second half of XX
century, the breeding of ostriches again gained popularity in Europe and the US. The ostrich business generates considerable
income with minimal expenses since it is practically waste-free. The main products of ostrich farming are meat, skin, feathers, eggs,
and fat. Agricultural breeding of ostriches was implemented in different countries, lile Australia, Belgium, Israel, Italy, Canada, New
Zealand, Poland, France, and Sweden. However, the largest number of farms is concentrated in the Republic of South Africa (AlKhalifa & Al Naser, 2014; Mahrose et al., 2016). Until 1917, there were 500 ostrich farms operating in Ukraine. Now there are about
60 of them. They are mainly concentrated in the western, central, and southeastern parts of the country (Nagorna, 2013).
The ostriches are very sensitive to the effects of various stress factors, namely feeding, keeping, care, health status (Minka & Ayo,
2008; Vazquez-Galindo et al., 2013; Bejaei & Cheng, 2014). From a physiological point of view, the deviations from optimal internal
and external conditions will lead to the development of stress. For the limitation of stress effect, the homeostasis can be restored by
the coordinated action of the hypothalamic-pituitary-adrenal system, autonomic nervous system and immune system. In poultry
farming, four main types of stress are distinguished: technological, environmental, feed, and internal (Surai et al., 2019). Free
radical oxidation processes play a special role in the development of stress. Free radicals - reactive forms of oxygen (ROS) are able
to destroy the molecules of lipids, proteins, nucleic acids. About 200 billion free radicals are synthesized daily in physiological
conditions in each cell (Fisinin et al., 2014). In the case of pathologies, this number increases significantly, which leads to the
development of oxidative stress (Del Vesco et al., 2017; Rehman et al., 2018; Tsekhmistrenko et al., 2018). Thus, the adaptive
changes occur, which are accompanied by the activation of enzymes of the antioxidant defense system, associated with an increase
in the concentration of toxic metabolites. The accumulation of these compounds can lead to the development of oxidative stress due
to an imbalance between the oxidative and antioxidant systems. However, consideration of the influence of reactive forms of
oxygen only as a negative, damaging factor makes it impossible to comprehensively understand their significance in biological
systems. Recent studies have contributed to a deeper understanding of the positive effects of ROS in cell proliferation and
differentiation, synthesis of biologically active compounds, individual hormones, phagocytosis and apoptosis (Roy et al., 2017;
Krylatov et al., 2018; Forrester et al., 2018; Tsekhmistrenko et al., 2018).
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The ostrich meat and eggs are very popular in many countries. These products, compared to other animals and poultry, have lower
lipid and cholesterol levels, which is especially important for the people with cardiovascular disease (Magige et al., 2017). Therefore,
ostrich meat is very valuable and useful dietary product. There is a lot of data on functioning of the antioxidant system of various
bird species (Burlaka et al., 2013; Bastos et al., 2017; Del Vesco et al., 2017; Morosinotto et al., 2017; Wan et al., 2019; Fernye et
al., 2018; Bityutskyy et al., 2019). Nevertheless, there are limited data characterized the state of antioxidant system of ostriches
(Tsekhmistrenko & Polishchuk, 2010, Jóźwik, et al., 2015, Ghasemi & Hajkhodadadi, 2019). The functioning of the antioxidant
system determines the level of the compensatory and adaptive response of the body under the conditions of the possible
development of oxidative stress during transportation, preventive treatments, and rearrangement of animals and birds. This is
especially true for ostriches, since the conditions of their maintenance are significantly different from natural. The determination of
the age period, characterized by a decrease in the antioxidant status of the ostriches’ organism, will allow correct correction of
oxidative stress and reduce the risk of flare-up and progression of pathological conditions.
The purpose of our work was to investigate the age-specific characteristics of lipid peroxidation and the immune status in blood of
Struthio camelus domesticus.

Material and Methods
The birds were kept in peasant open joint-stock company "Gaysinskiy enterprise on breeding case in animal husbandry", in village
Gaysin, Vinnitsya region, Ukraine (48°48′34″N, 29°23′26″E). We selected clinically healthy ostriches. We divided the birds into five
groups (five heads each): the first – 6-month old, the second 9-month old, the third 18-month old (puberty), the fourth - 24-month
old (the period beginning oviposition), and the fifth – 60-month old (the period of intensive oviposition). The blood were taken from
the head veins (basilic) of the shoulder. To obtain serum, the tubes with whole blood was kept for one hour in a thermostat at
37 °C, then centrifuged at 3000 rev/min for 15 min.
Biochemical studies of blood serum of ostriches were carried in interfaculty research laboratory of biochemical and histological
methods of research of Bila Tserkva National Agrarian University (Ukraine). We studied the content of total lipids (TL) in blood
plasma by the reaction with sulfurospirillum reagent using a standard set of reagents (Felisit-diagnosis, Ukraine). The intensity of
lipid peroxidation (LPO) in serum were determined by the content of diene conjugates (DC) (Stalnaya, 1997), which are formed in
the initial stages of LPO, lipid hydroperoxides (LHP), using ammonium thiocyanate (Romanova & Stalnaya, 1977) and products
reacting with 2-tabarro acid (TBA-RS) (Andreeva et al., 1988). The factor of antioxidant state was calculated by the formula (ADF)
(Chevari et al., 1991).
The condition of antioxidant system (AOS) was evaluated by the level of activity of enzymes: superoxide dismutase (SOD; EC
1.15.1.1) (Chevari et al., 1985); catalase (CAT; EC 1.11.1.6) (Goth, 1991); glutathione peroxidase (GPx, EC 1.11.1.9) (Alam et al.,
2013), glutathione reductase (GRD; EC 1.6.4.2) (Yusupova, 1989), glutathione-transferase (GSH; EC 2.5.1.18) (Habig et al., 1974),
the contents of reduced glutathione (GSH) (Goryachkovskij, 1998), ceruloplasmin (CP; 1.16.3.1) (Ravin, 1961). The animals and the
experiments were conducted in accordance with the provisions of "European Convention for the protection of vertebrate animals
used for experimental and other scientific purposes" (Strasbourg, 1985), "General ethical principles of animal experimentation"
adopted by the First National Congress on bioethics (Ukraine, 2001) (Ryeznikov, 2003). The results were processed statistically
using Student's t-test by means of Statistica 6.0 software (StatSoft, Inc., USA).

Results and Discussion
The mechanisms of regulation of lipid balance and the state of redox processes in the body are closely interrelated. When LPO is
activated, changes in the functional activity of the lipid components occur. The inhibition of the processes of free radical oxidation
depends on the activity of the enzymes of the antioxidant defense system, a significant role in which SOD plays, because it provides
enzymatic dissemination of the precursor of the active forms of Oxygen - superoxide radical (Surai et al., 2019). We registered that
the activity of superoxide dismutase in the serum of ostriches changed during the study period. The blood of 6-month-old male
birds had high SOD activity (Figure 1).

Figure 1. Age-related dynamics of antioxidant enzyme activity in ostrich blood serum. * - difference is significant compared to the
6-month-old birds, P<0.05 (here and in Figures 4, 6).
During this period, a high concentration of DC and TBA-RS was observed. These changes, to some extent, can be explained by the
large amount of total serum lipids that are the main substrate for lipid peroxidation (Figure 2).
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Figure 2. Content of total ostrich serum lipids. * Changes in the indicator relative to the previous stage of the study are likely,
P<0.05 (M ± m; n=5).
The high activity of the enzyme was explained by the compensatory reaction of the body to the increase the content of primary and
secondary products of lipid peroxidation. Subsequently (up to nine months of bird age) the enzyme activity decreases by 30.9%.
Such dynamics of SOD activity were probably caused by its interaction with free radicals, which was accompanied by a decrease in
the content of lipid peroxidation products. Maximum SOD activity was recorded during the ostrich puberty period (18 months). This
may indicate the activation of metabolic processes, in particular increasing of O 2 demand, generation of reactive oxygen species,
which intense SOD activity. We assumed that the effectiveness of protecting cells from ROS was determined not by the absolute
values of enzyme activity, but by the ratio of their activity. We calculated the ratios between the activities of SOD/CAT×100,
SOD/CP×100, SOD/GPx, SOD/GST, SOD/GRD, GPx+GST/GSH, GRD/GSH (Figure 3).
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Figure 3. The ratio between activities of enzymes in blood serum of ostriches.
Birds in puberty stage had the high rate of SOD/CAT×100 activity. A similar trend observed in the ratio of SOD/CP×100, however, the
lowest rate of enzymes SOD/GPx activity was observed in 24-month-old birds. We suggested that catalase was the main enzyme, which
detoxified the excess of H2O2 in the serum of ostriches. The dynamics of catalase activity in ostrich blood serum differed in age from
the dynamics of SOD activity, which implied the unequal role of individual AOS components at different stages of development. The
CAT activity in the serum of 9-month-old birds virtually unchanged compared with the previous investigation period. Such changes
may occur due to the inclusion in the mechanisms of the antioxidant responses of other components of the AOS. Proof of this is the
increasing activity of GPx and GST in the serum of ostriches. Restored organic hydroperoxides, glutathione peroxidase prevented
the accumulation of toxic products of lipid peroxidation, but did not provide its clearance. This function is performed by another
glutathione enzyme system – glutathione-transferase, which also used intracellular GSH as a substrate (Surai et al., 2019).
The decrease in CAT activity in 18-month-old ostrich serum is offset by an increase in GPx activity. The activity of GST decreased
significantly, which indicated the competition of two glutathione enzymes for GSH in the conditions of decrease in its content. The
data obtained indicated that in the period of puberty the ostriches intensively used GPx GSH to neutralize hydrogen peroxide and
organic hydroperoxides. However, due to reduction of glutathione the transferase activity can accumulate toxic secondary products
of the reaction of free radical oxidation of lipids and increase the protein with oxidized SH-groups.
One of the main antioxidants of blood plasma is CP. We founded that the CP concentration increased from the age of 9 months to
the period of intensive egg laying, reached maximum values during the egg-laying peak. The increase in the number of CP during
this period can be linked with its ability to transport Cu2+ into the oviduct for the formation of the yolk of the egg. The relatively
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stable content of CP in the serum of ostriches during the period of the study due to the high durability of this specific protein to the
toxic effect of ROS, allowing it to maintain its biological activity in terms of their intensive generation. We revealed that at 18
months of age, LPO intensifies, the content of TBA-RS increases (Figure 4). The period of ostrich puberty was accompanied by an
active course of anabolic processes, lipogenesis, which caused the accumulation of LPO products and decrease the activity of AOS
enzymes during this period of bird growth.

200

*

175
150
%

125
100
**

75
50

*
*
*

*
*
*

24

60

*

25
6

9

18
Age, month

Lipid hydroperoxides
TBA-reactive substances

Conjugated dienes
Antioxidant defense factor

Figure 4. Age-related dynamics of ostrich lipid peroxidation products.
Activation of the processes of lipid peroxidation in the serum of ostriches of 60 months of age was in period of intensive egg laying,
during which there was a maximum mobilization of metabolic processes aimed at the synthesis of the constituent components of
the egg. An increase in the LHP and DC levels against the background of a decrease in the TBA-RS content indicated the impaired
conversion of the primary LPO products. We determined the absolute values of lipid peroxidation intermediates and the ratio of their
content to the level of the initial LPO substrates for a comprehensive assessment of the status of redox homeostasis (Figure 5).

Figure 5. The ratio of the content of products of lipid peroxidation to total lipids in the serum of ostriches.
The ratio LHР and TBA-RS total lipids in puberty birds was 2.28 and 4.37 times higher than in 6-month-old birds. This indicated an
intensification of lipid peroxidation processes on the background of reducing the content of total lipids. We registered a sharp
decrease in the studied parameters in the egg-laying period.
The concentration of peroxide radicals in tissues largely depends on the content of GSH and activity of its dependent enzymes
(Figure 6). Glutathione is the major non-protein thiol in bird and mammalian cells. It controls the redox balance, affects the
synthesis of DNA and proteins, regulates the transmission of nerve signals, transcription and gene expression (García-Giménez et
al., 2017). In the period from 6 to 18 months of age, GSH levels in serum is reduced in 2 times. The decrease in the content of
reduced glutathione may be indicative of activation of compensatory mechanisms aimed at restoring and detoxify organic peroxides,
which are actively formed in the reactions of free radical oxidation of lipids. The main target in such reactions are the unsaturated
fatty acids of membrane phospholipids.
The conversion of lipid peroxides to neutral connection with the participation of glutathione is catalyzed by GPx. High affinity
glutathione peroxidase to H2O2, and a significant availability of this substrate under the conditions of oxidation determines the
probable growth (27.7%) activity of this enzyme in puberty, but catalase activity in this period is the lowest. GPx, catalyzing the
recovery of hydrogen peroxide, not only inactivates the metabolite, but also prevents the accumulation of hydroxyl-anion,
preventing the formation of organic hydroperoxides. The restoration of glutathione peroxidase with organic hydroperoxides,
especially lipid membranes, reduces peroxidation and the appearance of secondary toxic metabolites. In the period of intensive
oviposition the activity of GPx decreased significantly compared with the beginning of this period. Increased activity glutathione
enzymes at the beginning of oviposition reduces organic hydroperoxides and secondary products of LPO and is aimed at prevention
of intensification of lipid peroxidation (Surai et al., 2019). The decrease in the content of TBA-RS against the background of
increased activity of enzymes of antioxidant protection indicate that the serum of ostriches during the egg-laying period is
characterized by a high level of antioxidant protection.
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Figure 6. Age-related dynamics of reduced glutathione content and activity of glutathione-dependent enzymes.
GSH content increased by 2.6 and 1.7 times during the reproductive period, respectively, at the beginning and at the time of egg
laying, the GRD activity also increased by 32.1 and 9.4%, respectively compared to the previous study period. Oppression of
glutathione reductase activity during puberty stage, on the background of increasing the activity of GPx shows that renewable
power GRD is insufficient to exceed the rate of GSH utilization, so in this period there is an equilibrium shift in the redox cycle of
glutathione in the direction of growth in intracellular oxidized glutathione. Low concentration of reduced glutathione in the serum of
18-months-old ostriches was explained by the active involvement of glutathione to antiradical and antiperoxide reactions of
protection. In general, the standby power of glutathione antioxidant system of blood serum was sufficient to prevent a significant
and prolonged decrease in the GSH content. Therefore, identified at the beginning of the reproductive period, increasing the activity
of glutathione reductase and glutathione transferase and should be evaluated as a compensatory response aimed at restoring the
contents of glutathione in serum. However, it is established that with age, the activity of GST and GPx in the serum of ostriches is
reduced. This is probably due to the depletion of the antioxidant system, which is typical for other species of animals and birds. The
data obtained indicated a close correlative connection between the intensity of LPO and the activity of enzymes of system of
antioxidant protection. During study period, we established negative correlation between the content of LHP and GPx activity (r=0.83), LHP and GST (r=-0.74), LHP and CAT (r=-0.78), TBA-RS and GRD (r=-0.79), TBA-RS and CAT (r=-0.74). Thus, we noted
high correlation between the DC and GSH (r=0.71), DC and CP (r=0.90), TBA-RS and SOD (r=0.82) (Figure 7). Intensification of
processes of lipid peroxidation is accompanied by a compensatory increase in the activity of superoxide dismutase, glutathione
peroxidase and content of ceruloplasmin. Recorded a decrease of GSH content and inhibition of the activity of CAT and GST.

Figure 7. Correlative links between antioxidant enzyme activity, content of lipid peroxidation product, and total serum lipids.
Moderate link
(0.5 <r <0.7); strong
(0.7 <r <1.0); negative moderate
(-0.5 <4 <-0.7);
negative strong
(- 0.7 <r <-1.0).

Conclusion
We revealed that the content of total lipids in the dough correlates with the processes of lipid peroxidation and the functioning of
the antioxidant system. Each period ostrich life cycle had specific intensity of the antioxidant system and the accumulation of
intermediate products of lipid peroxidation. The period of puberty in ostriches was accompanied by an intensification of lipid
peroxidation in the blood serum. This is confirmed by a significant increase in the number of TBA-reactive substances, which could
be explained by the insufficient activity of enzymes of the antioxidant system (catalase, glutathione-S-transferase, glutathione
reductase). We registered that the peak of the oviposition is characterized by increased metabolism in the body, which causes the
activation of free radical oxidation. At the same time, the concentration of lipid hydroperoxides and diene conjugates increased,
while TBA-reactive substances was not significantly changed. We suggested that the antioxidant protection in ostrich blood during
this period was determined by significant concentration of ceruloplasmin and reduced glutathione, which is probably provided by
Ukrainian Journal of Ecology, 10(1), 2020
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increasing the activity of glutathione reductase. Therefore, puberty and the intensive period of oviposition in ostriches can be
characterized as periods of tension in metabolic processes with increased intensity of lipid oxidation, which is associated with certain
changes in the physiological and functional state of bird organisms.
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