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The changes of antioxidant enzymes – catalase and peroxidase activity and lipid superoxide 

oxidation processes in rabbit blood have been determined in conditions of immobilization stress long 
duration. It was also studied stevia (Stevia rebaudiana Bertoni) effect on oxidant and antioxidant 
systems. It was revealed that with stress effect duration lengthening fat superoxide oxidation 
processes is activated and malonic dialdehyde amount is increased. It was shown that antioxidants 
contained in stevia suppress oxidation processes providing preservation of activity of antioxidant 
enzymes in blood. It can be suggested that stevia leaves antioxidant properties are a measure of 
correction of immobilization stress results. 

Immobilization stress – stevia-malonic dialdehyde-catalase 
 
àõëáõÙÝ³ëÇñí»É ¿ ×³·³ñÇ ³ñÛ³Ý Ù»ç ÉÇåÇ¹Ý»ñÇ ·»ñûùëÇ¹³ÛÇÝ ûùëÇ¹³óÙ³Ý  ·áñÍÁÝÃ³ó-

Ý»ñÇ ¢ Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ ý»ñÙ»ÝïÝ»ñÇª Ï³ï³É³½Ç ¢ å»ñûùëÇ¹³½Ç  ³ÏïÇíáõÃÛ³Ý ÷á÷á-
ËáõÃÛáõÝÝ»ñÇ ûñÇÝ³ã³÷áõÃÛáõÝÝ»ñÁ ³Ýß³ñÅ³óÝáÕ ëÃñ»ëÇ »ñÏ³ñ³ï¢ ³½¹»óáõÃÛ³Ý å³ÛÙ³Ý-
Ý»ñáõÙ, ÇÝãå»ë Ý³¢ Ñ»ï³½áïí»É ¿ Ù»Õñ³ËáïÇ (Stevia rebaudiana Bertoni)³½¹»óáõÃÛáõÝÝ³Û¹ 
·áñÍÁÝÃ³óÝ»ñÇ íñ³: òáõó ¿ ïñí»É, áñëÃñ»ëÇ ³½¹»óáõÃÛ³Ý ï¢áÕáõÃÛ³Ý »ñÏ³ñ³óÙ³ÝÁ ½áõ·ÁÝÃ³ó 
×³·³ñÇ ³ñÛ³Ý Ù»ç ËÃ³ÝíáõÙ »Ý ×³ñå»ñÇ ·»ñûùëÇ¹³ÛÇÝ ûùëÇ¹³óÙ³Ý ·áñÍÁÝÃ³óÝ»ñÁ, ÇÝãÇ 
Ñ»ï¢³Ýùáí μ³ñÓñ³ÝáõÙ ¿ Ù³ÉáÝ³ÛÇÝ »ñÏ³É¹»ÑÇ¹Ç ù³Ý³ÏÁ, ÇëÏ Ù»Õñ³ËáïáõÙ å³ñáõÝ³ÏíáÕ 
Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ Ñ³ïÏáõÃÛáõÝ áõÝ»óáÕ ÝÛáõÃ»ñÁ ×ÝßáõÙ »Ý ûùëÇ¹³óÙ³Ý ·áñÍÁÝÃ³óÝ»ñÁ` 
ûÅ³Ý¹³Ï»Éáí ³ñÛ³Ý Ù»ç Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ ý»ñÙ»ÝïÝ»ñÇ ³ÏïÇíáõÃÛ³Ý å³Ñå³ÝÙ³ÝÁ: ²é³-
ç³ñÏíáõÙ ¿ Ù»Õñ³ËáïÇ ï»ñ¢Ý»ñÇ Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ Ñ³ïÏáõÃÛáõÝÝ»ñÁ ÏÇñ³é»É áñå»ë ³Ý-
ß³ñÅ³óÝáÕ ëÃñ»ëÇ Ñ»ï¢³ÝùÝ»ñÁ ßïÏáÕ ÙÇçáó:  

²Ýß³ñÅ³óÝáÕ ëÃñ»ë–Ù»Õñ³Ëáï-Ù³ÉáÝ³ÛÇÝ »ñÏ³É¹»ÑÇ¹–Ï³ï³É³½ 
 
Изучены закономерности изменения процессов перекисного окисления липидов и 

активности антиоксидантных ферментов каталазы и пероксидазы в крови кроликов в условиях 
длительного воздействия иммобилизационного стресса. Также было исследовано влияние 
антиоксидантных соединений листьев стевии (Stevia rebaudiana Bertoni) на эти процессы. 
Показано, что после длительного воздействия стресса в крови у кроликов активируются про-
цессы перекисного окисления липидов и повышается количество малоновогодиальдегида. 
Антиоксидантные вещества, содержащиеся в листья хстевии, подавляли окислительные 
процессы, тем самым содействуя сохранению активности антиоксидантных ферментов. 
Предлагается, антиоксидантные свойства листьев стевии использовать как меру коррекции 
последствий иммобилизационного стресса. 

Иммобилизационный стресс–стевия – малоновый диальдегид-каталаза 
 
Treatment of organism resistance effective measures to different stress factors is one 

of actual problems of medico-biological sciences, since the stress is a basis for development 
of numerous pathological processes. In the beginning state of the effect of stress factors, 
hypothalamus-hypophysis-adrenal system is stimulated, the amount of biologically active 
compounds in organism enhances, the level of red-ox processes changes that play an 
important role in organism adaptation to environment altered conditions and viability 
providing. Nowadays sharp change of human lifestyle results in motor activity 
confinement, and organism natural viability is possible only at sufficient motor background 
which makes a favorable impact on natural processing of organism physiological functions; 
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especially the investigation of physico-emotional stresses, including immobility becomes 
relevant. 

In the case of influence of different stressful irritants superoxide oxidation processes 
of lipids strengthen, amount of intermediate and final products of these reactions increases 
in blood plasma which cause structural and functional distortions of different organs and 
tissues [3,4]. To confine these pathologies the important role belongs to antioxidant 
enzymes of organs and tissues (catalase, superoxide-dismutase, glutathione-peroxidase) 
which are the first ring of intracellular defensive mechanisms against free radicals. The 
effect of stressful irritants is accompanied by deviation of the equilibrium between free 
radical processes and organism antioxidant system [2]. From this point of view the studies 
directed to the revelation of different preparations possessing antioxidant property are 
considered to be quite actual topic. Among plants containing anti oxidant compounds it 
should be mentioned the stevia which contains flavonoids and glycosides (Stevia 
rebaudiana Bertoni). This herb is known due to its anti-inflammation, anti-sclerotic, anti-
allergic, bactericide and anti-histamine effects and is applied as medico-preventive measure 
[10, 12]. 

Taking into account the role of antioxidant system enzymes in regulation of free 
radical processes, we have had a task to study regularities of lipid superoxide oxidation and 
antioxidant system activity changes in combined effect dynamics of stevia and 
immobilization stress in rabbit blood. 

 
Materials and methods 
 
Studies have been carried out on 10 rabbits with the same sex, weight in the same 

feeding and caring conditions by two variants. In the first variant the changes of lipid 
superoxide oxidation processes and activity of enzymes (catalase and peroxidase) were 
studied in immobilization stress effect (control group). For immobilizing of animals they 
were fixed 5 hours a day during 30 days on the experimental table. In the second variant the 
studies were carried out in combined stress dynamics of stevia and immobilization stress. 
Stevia crushed leaves with 0.5 g/kg weight were added to animal feed each day then 
animals were exposed to stress effect. Studies in rabbit blood were realized in norm, after 
immediate stress direct effect, then one time per 5 days during 30 days. 

Catalase activity was determined by manganese-metric method, peroxidase activity – 
by spectrophotometric method [5]. 

 
Results and discussion  
 
In the first state of studies the changes of malonic dialdehyde amount as well as 

catalase and peroxidase activities in rabbit blood were carried out in immobilization stress 
effect dynamics. It follows from analysis of the results that in early stress state for animals 
exposed to immobilization stress effect the amount increasing of malonic dialdehyde being 
final product of lipid superoxide oxidation is observed (Fig. 1). After 5 hours of stress 
effect the amount of malonic dialdehyde increased by 160%, after 5 days – 106%, in 20th 
day – 119%, then it begins to decrease then in 30th day the amount of malonic dialdehyde 
was higher by 41% as compared to norm. 
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Figure 1. Immobilization stress effect on malonic dialdehyde amount,  

catalase and peroxidase activities in rabbit blood. 
 
As far as the activity of antioxidant enzymes is concerned after 5 hours from the stress 

effect, the catalase activity increases by 21 % as compared to the norm, and after 5 days – 
by 10%. Catalase activity increasing at the early stages of different stress factor effect was 
mentioned by other authors as well [6, 11]. With stress effect influence enhancement in 
chronic stage the catalase activity gradually decreases. In 15th day its activity decreases by 
11% compared to the norm, in 20th day – by 16%, 25th day – 20%, 30th day – 22%. 

As it follows from the figure 1, regularities of the peroxidase activity change 
depending on stress effect duration are preserved as in the case of catalase; if only catalase 
activity begins to decrease in 15th day after stress exposure, the peroxidase activity 
decreases in 25th day compared to the norm. 

Concluding the results of this stage it is obvious that with stress duration enhancement 
the intensity of lipid superoxide oxidation remains higher from the norm even in the 30th 
day of stress effect, but the activity of antioxidant enzymes in stress early stages rises, in 
chronic stage – decreases from the norm. 

Literature reviewshowed that according to the some authors at immobilization stress 
long duration, lipase, phospholipase are activated by catecholamines and glucocorticoids 
that strengthen fat superoxide oxidation processes. The result of this is that the 
enhancement of superoxide oxidation product density suppresses the activity of antioxidant 
enzyme activity [4,6]. It is also known that in conditions of oxidative stress or oxygen 
active form formation a distortion of antioxidant system enzyme functions can occur [9].  

As it was mentioned, antioxidant enzymes are the first area of intracellular defense 
against free radicals and belong to peripheral stress confining system. Hence the 
strengthening of organism antioxidant power should contribute to increasing of activity of 
the mentioned enzymes. Taking all these into consideration in the next stage of experiments 
the changes of antioxidant enzyme activities and lipid superoxide oxidation in blood of 
animals exposed to stress and fed by food enriched by stevia leaves that in turn are enriched 
by antioxidant have been studied. 

 As it is obvious from Fig. 2, in blood of animals fed by stevia and exposed to 
stress during 5 hours the malonic dialdehyde amount increases by 148%, after 5 days of 
stevia receiving and stress exposure – by 49%, in 10th day – 13%, and with stress duration 
lengthening it starts gradually decreasing in such way that in 30th day it is lower by 26% 
than the norm. What concerns to antioxidant enzymes in dynamics of stevia and 
immobilization stress combined effect the catalase activity does not decrease, vice versa the 
activity gradual increase is observed and in 30thday it is higher by 13% than the norm. 
Higher criterion is observed in 20th day – by 118%. Similar regularities are observed at 
studying of peroxidase activities. 
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Figure 2.Combined effect of immobilization stress and stevia (Stevia rebaudiana Bertoni) on malonic dialdehyde 

amount, catalase and peroxidase activities in rabbit blood. 
 
The obtained results can be explained by suppressing effect of natural antioxidant 

compounds contained in stevia leaves on fat superoxide oxidation processes preventing the 
performance of inhibiting effect of their products on antioxidant enzyme activities [1].  

It was shown the antioxidant effect of tea plant Echinodorus grandiflorus on rabbit by 
other authors. It was revealed that tea preparations prevent stimulated damaging of lipids 
and proteins by sodium aside as well as contribute to restoration of antioxidant enzymes – 
catalase and superoxide-dismutase [7]. It was also shown that flax seedling polyphenols 
and omega-3 fat-acids decrease chronic stress effect in rabbits [8]. 

Therefore, it might be concluded that in stevia (Stevia rebaudiana Bertoni) leaves 
antioxidant compounds can be a measure of correction of immobilization stress results. 
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Estradiol belongs to a family of steroid hormones that primarily controls the reproductive 

system. 17β-estradiol (E2) is the predominant and most biologically active estrogen. Growing 
evidences suggest that E2 may have a regulatory effects on immune system and can directly influence 
the function if cell-mediated immunity. Nevertheless, the effect of E2 on innate immune cells, 
particularly monocytes and neutrophils, has been so far poorly investigated. This study was aimed to 
investigate in vitro production of TNF-α, IL-1β, MCP-1 and IL-8 by whole blood cells following 
short-term exposure (4 hours) to 17β-estradiol (E2) in the presence or absence of LPS. The impact of 
E2 on β2 integrin (CD11b/CD18) and L-selectin (CD62L) expression on the surface of human blood 
monocytes and neutrophils was also evaluated. We demonstrated an inhibitory effect of E2 on LPS-
induced TNF-α production, the feature that could play a critical role in the regulation of inflammatory 
response. Expression of CD62L on neutrophils and monocytes was also decreased in the presence of 
E2. Thus, the results of our study indicate that E2 may have an immunomodulatory action on innate 
immune cells and modulate ongoing inflammatory response. 

Neutrophils, monocytes, estradiol, gene expression, cytokines 
 

¾ëïñ³¹ÇáÉÁ å³ïÏ³ÝáõÙ ¿ ëï»ñáÇ¹³ÛÇÝ ÑáñÙáÝÝ»ñÇ ÁÝï³ÝÇùÇÝ, áñÇ ³é³Ýóù³ÛÇÝ ¹»ñÁ 
í»ñ³ñï³¹ñáÕ³Ï³Ý Ñ³Ù³Ï³ñ·Ç ³ßË³ï³ÝùÇ Ï³ñ·³íáñáõÙÝ ¿: ¾ëïñá·»Ý ÑáñÙáÝÇ ÑÇÙÝ³Ï³Ý ¢ 
Ï»Ýë³μ³Ýáñ»Ý ³é³í»É ³ÏïÇí Ó¢Á Ñ³Ý¹Çë³ÝáõÙ ¿ 17β ¿ëïñ³¹ÇáÉÁ (E2): ØÇ ß³ñù Ñ»ï³-
½áïáõÃÛáõÝÝ»ñ óáõÛó »Ý ïí»É, áñ E2-Ý Ï³ñáÕ ¿ áõÝ»Ý³É Ï³ñ·³íáñÇã ³½¹»óáõÃÛáõÝ ÇÙáõÝ³ÛÇÝ 
Ñ³Ù³Ï³ñ·Ç íñ³ ¢ ³ÝÙÇç³Ï³Ýáñ»Ý ³½¹»É μçç³ÛÇÝ ÙÇçÝáñ¹³íáñí³Í ÇÙáõÝ³ÛÇÝ å³ï³ëË³ÝÇ íñ³: 
²ÛÝáõ³Ù»Ý³ÛÝÇí, ÙÇÝã ûñë, μÝ³ÍÇÝ ÇÙáõÝ³ÛÇÝ μçÇçÝ»ñÇª Ù³ëÝ³íáñ³å»ë ÙáÝáóÇïÝ»ñÇ ¢ Ý»Ûï-
ñáýÇÉÝ»ñÇ íñ³ E2-Ç ³½¹»óáõÃÛáõÝÁ μ³í³Ï³Ý³ã³÷ áõëáõÙÝ³ëÇñí³Í ã¿: îíÛ³É Ñ»ï³½áïáõÃÛ³Ý 
Ýå³ï³ÏÝ ¿ áõëáõÙÝ³ëÇñ»É in vitro å³ÛÙ³ÝÝ»ñáõÙ ³ÙμáÕç³Ï³Ý ³ñÛ³Ý μçÇçÝ»ñÇ ÏáÕÙÇó TNF-α, IL-
1β, MCP-1 ¢ IL-8 ³ñï³¹ñ»Éáõ áõÝ³ÏáõÃÛáõÝÁ 17β-¿ëïñ³¹ÇáÉÇ (E2) Ï³ñ×³ï¢ ³½¹»óáõÃÛáõÝÇó Ñ»ïá 
(4 Å)ª LPS-Ç ³éÏ³ÛáõÃÛ³Ý Ï³Ù μ³ó³Ï³ÛáõÃÛ³Ý å³ÛÙ³ÝÝ»ñáõÙ: ÆÝãå»ë Ý³¢ áõëáõÙÝ³ëÇñí»É ¿ E2-Ç 
³½¹»óáõÃÛáõÝÁ ÙáÝáóÇïÝ»ñÇ ¢ Ý»ÛïñáýÇÉÝ»ñÇ Ù³Ï»ñ»ë³ÛÇÝ ÙáÉ»ÏáõÉÝ»ñ β2 ÇÝï»·ñÇÝÇ 
(CD11b/CD18) ¢ L ë»É»ÏïÇÝÇ (CD62L) ¿ùëåñ»ëÇ³ÛÇ íñ³: Ø»ñ ÏáÕÙÇó óáõÛó ¿ ïñí»É E2-Ý óáõó³μ»ñáõÙ 
¿ ×ÝßÇã ³½¹»óáõÃÛáõÝ LPS-áí ËÃ³Ýí³Í TNF-α-Ç ³ñï³¹ñáõÃÛ³Ý íñ³, ÇÝãÁ, ÑÝ³ñ³íáñ ¿, Ï³ñáÕ ¿ 
áñáßÇã ¹»ñ áõÝ»Ý³É μáñμáù³ÛÇÝ å³ï³ëË³ÝÇ Ï³ñ·³íáñÙ³Ý Å³Ù³Ý³Ï: E2-Ç ³½¹»óáõÃÛáõÝÇó Ñ»ïá 
Ý»ÛïñáýÇÉÝ»ñáõÙ ¢ ÙáÝáóÇïÝ»ñáõÙ Ýí³½áõÙ ¿ Ý³¢ CD62L-Ç ¿ùëåñ»ëÇ³ÛÇ Ù³Ï³ñ¹³ÏÁ: ²ÛëåÇëáí, 
ëï³óí³Í ³ñ¹ÛáõÝùÝ»ñÁ óáõÛó »Ý ï³ÉÇë, áñ μÝ³ÍÇÝ ÇÙáõÝ³ÛÇÝ μçÇçÝ»ñáõÙ E2-Ý Ï³ñáÕ ¿ áõÝ»Ý³É 
ÇÙáõÝáÏ³ñ·³íáñÇã ³½¹»óáõÃÛáõÝ ¢ modulate ÁÝÃ³óÇÏ ÇÙáõÝ³ÛÇÝ å³ï³ëË³ÝÁ: 

Ý»ÛïñáýÇÉÝ»ñ, ÙáÝáóÇïÝ»ñ, ¾ëïñ³¹ÇáÉ, ·»Ý³ÛÇÝ ¿ùëåñ»ëÇ³, óÇïáÏÇÝÝ»ñ 
 


