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ANNOTATION 

 

Hurza V.V. Dietary correction of age- and margarine-induced metabolic 

disorders in mice: energy metabolism and oxidative stress. – Qualifying scientific work 

on the rights of manuscripts. 

Thesis for the degree of Doctor of Philosophy in the field of knowledge 09 

Biology, specialty 091 Biology. 3 Vasyl Stefanyk Precarpathian National University, 

Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2025. 

The study was conducted at the Department of Biochemistry and Biotechnology, 

Faculty of Natural Sciences, Vasyl Stefanyk Precarpathian National University (Ivano-

Frankivsk, Ukraine) and partially at Department of Neurophysiology, Institute of 

Physiology, Eberhard Karls University of Tübingen (Tübingen, Germany) during 2020-

2025. 

The dissertation consists of two parts. The first part is devoted to the study of the 

effect of margarine-containing foods separately and in combination with a chamomile 

flower water decoction (CWD) or every-other-day fasting regimen (EODF) as potential 

supplements to nutrition that can change the course of metabolic processes in the mice 

body. For the study, C57BL/6J mice of both sexes were used, which were fed 70%-fat 

margarine, margarine and CWD, and margarine with EODF for four months. The study 

aimed to determine whether margarine-enriched food can cause metabolic syndrome 

(MS) or related disorders, and whether the addition of CWD or the use of EODF can 

mitigate negative effects that may arise from margarine consumption. Another goal was 

to test whether male and female mice would respond equally to the experimental diet. 

Obesity is one of the key features of MS, along with high levels of 

triacylglycerols (TAG) and glucose, the development of insulin resistance, 
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inflammation, and oxidative stress (OS). Morphometric, physiological, and biochemical 

parameters were determined to check what disturbances may occur in mice after 

consuming food with margarine. The study showed that margarine consumption alone, 

and in combination with CWD or EODF, did not cause obesity. At the same time body 

mass index and Lee's obesity index were within normal limits, although females who 

consumed margarine constantly and males who were on the EODF gained weight faster 

than other groups. Both males and females in all experimental groups consumed less 

food and drank less water, or CWD compared with controls. It was found that the 

animals preferred margarine to laboratory chow. Although both sexes consumed less 

food on the studied regimens, the experimental males received more calories than the 

control males, and the females received the same amount as the control group.The 

results obtained in this study indicate that consumption of margarine for four months 

has a stronger negative effect on female mice compared with males. In addition to 

gaining body weight faster, they had lower plasma paraoxonase (PON) activity. This 

indicates the development of OS in the liver, kidneys, and cerebral cortex. In contrast to 

females, males had elevated levels of lipid peroxides (LOOH) in adipose tissue and a 

tendency to increase interleukin-1³ (IL-1³) levels, indicating mild signs of 

inflammation. They also had a higher intensity of OS in the cerebral cortex.  At the 

same time, in the liver, higher catalase activity was observed, which led to a decrease in 

OS in this organ. In both males and females, the activity of hepatic glycolytic enzymes 

(phosphofructokinase and pyruvate kinase) was higher after margarine consumption, 

which is a sign of more intense glycolysis. 

Adding CWD to margarine-enriched food prevented weight gain in females and 

improved food intake in males. However, chamomile had different effects on animal 

organs. In females, CWD showed antioxidant properties in the liver and caused lower 

plasma glucose levels. In males, BBR induced higher glutathione peroxidase (GPx) 

activity in the kidneys, but intensified OS in the heart. No signs of OS were found in the 

cerebral cortex of both males and females, indicating a positive effect of CWD on the 

animal brain. 
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This study is the first to show that consumption of EODF together with 

margarine can be harmful to male mice. In addition to gaining weight faster, these 

animals also tended to overeat on days when they had access to food. In the blood of 

males, the total number of leukocytes was higher, which is a sign of inflammatory 

processes. They also had low plasma TAG levels but high glucose levels. In the liver of 

males, accumulation of TAG was observed with low glycogen content. Together with 

the results obtained in the blood plasma, this indicates a disturbance in glycolytic and 

lipid metabolism. The development of OS was detected in the heart of males, but the 

activity of GPx in the kidney and cerebral cortex was higher, indicating a weak 

antioxidant effect of EODF in these organs. Female mice, on the other hand, showed 

positive changes after using this diet. In contrast to animals that constantly consumed 

margarine, females that periodically starved gained body weight more slowly. They also 

had lower levels of inflammatory markers, lower plasma MPO activity, and lower levels 

of IL-1³ in adipose tissue. We found a lower intensity of OS in the liver and higher 

activity of antioxidant enzymes in the kidneys and heart of females. However, EODF 

did not prevent the development of OS in the cerebral cortex of mice of this sex. 

Overall, the results indicate a greater vulnerability of females to margarine-

enriched diets and males to EODF, but do not indicate the development of MS, only 

certain associated comorbidities. Due to its antioxidant properties, chamomile decoction 

can reduce the negative effects of margarine on females, but not on males. Fasting every 

other day also shows a greater positive effect for females, although it does not protect 

cerebral cortex from development OS. 

The second part of the dissertation is devoted to studying the impact of caloric 

restriction (CR) as a dietary regimen that can reduce the damage in the body that occurs 

with age. The study was conducted on middle-aged and older C57BL/6N mice. When 

the animals reached three and six months, middle age and older, respectively, they were 

given 30% less food. This diet continued until the animals reached nine (middle-aged) 

and eighteen (older) months. This part of the study aimed to test whether CR would 

cause changes in the defense system against reactive oxygen species (ROS) in the liver, 
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kidneys, and brain cortex and whether this type of nutrition would affect the intensity of 

liver glycolysis in experimental animals. 

It is known that during aging, the body's ROS defense systems weaken, and the 

level of damage in cells increases, which leads to increasing ROS levels. Dietary 

restriction can act as a mild stressor that activates the antioxidant system. This study 

showed that CR reduced the intensity of OS in middle-aged animals but had no effect 

on the older group. In particular, lower levels of LOOH were found in the kidneys and 

cerebral cortex, in the cortex to the higher activity of glutathione-dependent enzymes in 

middle-aged mice. It was also shown middle-aged animals had higher glucose-6-

phosphate dehydrogenase activity under CR conditions, but its activity was lower at 

older group. Combined with the lower activity of glycolytic enzymes and low glucose 

content in hepatocytes, this indicates that the pentose phosphate pathway is intensive in 

middle-aged animals that were restricted in caloric intake. It is the increase in the 

intensity of this pathway that contributes to the production of NADPH, which is a 

coenzyme for the glutathione system of defense against ROS.  

The data obtained in the dissertation research deepen the knowledge of the effect 

of high-calorie foods, in particular margarine, CWD, and EODF on morphometric, 

physiological, and biochemical parameters of mice, on the pro-/antioxidant system, and 

energy metabolism, as well as changes in these systems that may be induced by the use 

of CR in middle age and older. Based on these results, chamomile decoction and 

intermittent fasting can be recommended for further research in female patients with 

early signs of MS, and CR in middle-aged people to mitigate aging-related disorders. 

 

Key words: aging; antioxidant enzymes; caloric restriction; chamomile 

decoction; glycolysis; inflammation; margarine; body weight; metabolic syndrome; 

mice; oxidative stress; intermittent fasting; lipid peroxides; liver; triacylglycerols. 
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>B@8<0=8E @57C;ьB0BV2. #;0=C20==O 5:A?5@8<5=BC B0 ?V43>B>2:0 @C:>?8AV2 4> 

?C1;V:0FVW 1C;8 ?@>2545=V @07>< 7 =0C:>28< :5@V2=8:><, 4>:B>@>< 1V>;>3VG=8E 

=0C:, ?@>D5A>@>< :0D54@8 1V>EV<VW B0 1V>B5E=>;>3VW #@8:0@?0BAь:>3> 

=0FV>=0;ь=>3> C=V25@A8B5BC V<5=V �0A8;O %B5D0=8:0 �>;>48<8@>< �CI0:><, 0 

B0:>6 :>=AC;ьB0B82=>W 4>?><>38 4>:B>@0 1V>;>3VG=8E =0C:, ?@>D5A>@:8  0@VW 

�09;O:. �:A?5@8<5=B0;ь=0 G0AB8=0 =0C:>2>W @>1>B8 1C;0 28:>=0=0 >A>18AB> 

48A5@B0=B:>N, 45O:V 4>A;V465==O 1C;8 ?@>2545=V B0:>6 70 CG0ABN ABC45=BV2 B0 

A?V2@>1VB=8:V2 :0D54@8 1V>EV<VW B0 1V>B5E=>;>3VW #@8:0@?0BAь:>3> =0FV>=0;ь=>3> 

C=V25@A8B5BC V<5=V �0A8;O %B5D0=8:0. !0C:>2V 2=5A:8 CAVE CG0A=8:V2 28A2VB;5=V C 

A?V;ь=8E ?C1;V:0FVOE. 

�?@>10FVO <0B5@V0;V2 @>1>B8. $57C;ьB0B8 4>A;V465==O 1C;8 0?@>1>20=V 
=0: )IX �A5C:@0W=Aь:V9 =0C:>2>-?@0:B8G=V9 V=B5@=5B-:>=D5@5=FVW <>;>48E 2G5=8E 

« >;>4V 2G5=V C @>72’O70==V 0:BC0;ь=8E ?@>1;5< 1V>;>3VW, B20@8==8FB20 B0 

25B5@8=0@=>W <548F8=8» (�ь2V2, 3-4 3@C4=O 2020 @.), XV��  V6=0@>4=V9 =0C:>2V9 
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:>=D5@5=FVW ABC45=BV2 V 0A?V@0=BV2 « >;>4ь V ?>ABC? 1V>;>3VW» (�ь2V2, 19-21 :2VB=O 

2021 @.), X) �A5C:@0W=Aь:V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW <>;>48E 2G5=8E 

(�ь2V2, 19 B@02=O 2022 @.), All-Ukrainian Conference on Molecular and Cell Biology 

with international participation (Kyiv, June 15-17, 2022), VI  V6=0@>4=V9 =0C:>2V9 

:>=D5@5=FVW «�:BC0;ь=V ?@>1;5<8 ACG0A=>W 1V>EV<VW, :;VB8==>W 1V>;>3VW B0 

DV7V>;>3VW» (�=V?@>, 6-7 6>2B=O 2022 @.), 92-3V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW 

ABC45=BV2 B0 <>;>48E 2G5=8E 7 <V6=0@>4=>N CG0ABN «�==>20FVW 2 <548F8=V B0 

D0@<0FVW» (I20=>-(@0=:i2Aь:, 23-25 15@57=O 2023 @.), 48-th FEBS Congress <Mining 

biochemistry for human health and well being= (Milan, Italy, 29 June 3 3 July 2024). 

%B@C:BC@0 B0 >1AO3 48A5@B0FVW. �8A5@B0FV9=0 @>1>B0 A:;040єBьAO 7 B0:8E 

@>74V;V2: 2ABC?, >3;O4 ;VB5@0BC@8, <0B5@V0;8 B0 <5B>48 4>A;V465==O, @57C;ьB0B8 B0 

WE >13>2>@5==O, C7030;ь=5==O @57C;ьB0BV2, 28A=>2:8 B0 A?8A>: 28:>@8AB0=8E 

465@5; (292 =09<5=C20==O). $>1>B0 2:;NG0є 196 AB>@V=>:. �> A:;04C 48A5@B0FVW 

2E>48Bь 32 @8AC=:8, 8 B01;8Fь B0 4>40B:8. 
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$"���� 1. �#��� ��%"�"���"$��!"�" )�$+'��!!/, 
(���"!"���� &� ��Є&�+!"�" "� ���!!/ !� $"���&"� 

 �&��"��+!"�" %�!�$" ' 

 

1.1.  5B01>;VG=89 A8=4@>< B0 9>3> E0@0:B5@8AB8:0 
 

1.1.1. �87=0G5==O <5B01>;VG=>3> A8=4@><C 
 

 5B01>;VG=89 A8=4@>< ( %) 3 F5 AC:C?=VABь <5B01>;VG=8E ?>@CH5=ь, O:V 

?V428ICNBь @878: @>728B:C CC�, 4V015BC, V=AC;ьBC B0 V=H8E ?0B>;>3VG=8E AB0=V2. 

*V 0=><0;VW 2:;NG0NBь >68@V==O, 3V?5@B5=7VN, V=AC;V=>@578AB5=B=VABь B0 

0B5@>35==C 48A;V?V45<VN [41]. #@81;87=> 20-30% 4>@>A;>3> =0A5;5==O 2 

1V;ьH>ABV :@0W= A2VBC AB@0640є =0  % [42].  5B01>;VG=V ?>@CH5==O, O:V ?>2’O70=V 

7 F8< A8=4@><><, 282G0NBьAO 265 ?>=04 100 @>:V2, 0;5 2 >AB0==V 30 @>:V2 

?@>1;5<0  % ?@825@=C;0 4> A515 >A>1;82C C203C. �0 F59 ?5@V>4 :V;ь:0 @07V2 

7<V=N20;>AO 9>3> 287=0G5==O B0 E0@0:B5@8AB8:8. ' 2009 @>FV ?@>2V4=8<8 

>@30=V70FVO<8 >E>@>=8 74>@>2'O 1C;> ?@89=OB> C=VDV:>20=5 287=0G5==O  %, 2 

O:><C  % 287=0G0єBьAO O: ?0B>;>3VG=89 1030B>3@0==89 AB0=, I> E0@0:B5@87CєBьAO 

>1>2'O7:>28< ?V428I5==O< @V2=O &��, 7=865==O< @V2=O ;V?>?@>B5W4V2 28A>:>W 

3CAB8=8 (�#��), V=AC;V=>@578AB5=B=VABN, ?V428I5==O< 0@B5@V0;ь=>3> B8A:C B0 

@V2=O 3;N:>78 =0BI5 [2]. �>;8 C ?0FVє=B0 28O2;ONBь O: <V=V<C< B@8 7 F8E >7=0:, 

B> AB02;OBь 4V03=>7  % [15, 43]. !572060NG8 =0 B5, I> >AB0==V<8 @>:0<8 1C;> 

2AB0=>2;5=> BVA=89 72'O7>: <V6  % B0 >68@V==O<, =0O2=VABь 014><V=0;ь=>3> 

>68@V==O 1C;> 28:;NG5=> 7 >1>2'O7:>28E E0@0:B5@8AB8: Fь>3> 70E2>@N20==O. *5 

?>2'O70=> 7V A?>AB5@565==O<8, I> =5 C 2AVE ;N459 7 >68@V==O< @>72820NBьAO 

A8<?B><8  %, V =5 2AV ?0FVє=B8 7 4V03=>7><  % AB@0640NBь 2V4 >68@V==O [2, 44]. 

#5@5W40==O, ?>ABV9=5 A?>6820==O 28A>:>:0;>@V9=>W W6V B0 =54>AB0B=O DV78G=0 

0:B82=VABь, I> 2545 4> 71V;ьH5==O <0A8 BV;0 B0 ?>40;ьH>3> >68@V==O, 22060NBьAO 

:;NG>28<8 D0:B>@0<8 @>728B:C  %. %B0@V==O, 5<>FV9=V AB@5A8, 26820==O @V7=8E 

;V:0@Aь:8E ?@5?0@0BV2, A:;04 <V:@>1V>B8 :8H:V2=8:0, 35=>B8?, O:VABь A=C B0 

3>@<>=0;ь=V 7<V=8 B0:>6 2?;820NBь =0 28=8:=5==O  % [2, 4, 45]. 
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�>AV B@820NBь 48A:CAVW I>4> 5BV>;>3VW B0 ?0B>35=57C Fь>3> A8=4@><C, 

>A:V;ь:8 ;8H0єBьAO 4>AB5<5==> =52V4><8< є48=89 <5E0=V7<, I> ;568Bь 2 9>3> 

>A=>2V. #@>B5 VA=Cє B@8 3>;>2=V D0:B>@8, O:V A?@8ONBь ?@>3@5AC20==N  % B0 

?>40;ьH><C @>728B:C %%� B0 FC:@>2>3> 4V015BC �� B8?C: V=AC;V=>@578AB5=B=VABь, 

E@>=VG=5 70?0;5==O B0 "% [46]. 

 

1.1.2. �=AC;V=>@578AB5=B=VABь 70 C<>2 <5B01>;VG=>3> A8=4@><C 
 

�=AC;V= 3 3>@<>=, O:89 28@>1;OєBьAO ³-:;VB8=0<8 >AB@V2FV2 �0=35@30=A0 

?V4H;C=:>2>W 70;>78. #@8 ?V428I5==V @V2=O 3;N:>78 2 :@>2V CB2>@5==O FVєW 

@5G>28=8 B56 ?V428ICєBьAO. �=AC;V= ?@83=VGCє ;V?>;V7 B0 3;N:>=5>35=57 C ?5GV=FV, 

2>4=>G0A AB8<C;NNG8 ?>3;8=0==O 3;N:>78 2 ?5GV=FV, <’O70E V 68@>2V9 B:0=8=V 

[47]. �2060єBьAO, I> >68@V==O B0 2VAF5@0;ь=0 68@>20 B:0=8=0 2V4V3@0NBь >4=C 7 

3>;>2=8E @>;59 C @>728B:C  %.  5B01>;V7< 3;N:>78 B0 ;V?V4V2 ?>2'O70=89 V7 

2VAF5@0;ь=>N 68@>2>N B:0=8=>N G5@57 70;CG5==O ?52=8E <5E0=V7<V2. �8@>20 

B:0=8=0 є >A=>2=8< 465@5;>< 2V;ь=8E 68@=8E :8A;>B (��), O:V 157?>A5@54=ь> 

?>2’O70=V 7 ?5GV=:>N G5@57 A?;0=E=VG=C F8@:C;OFVN [48]. ' ?5GV=FV 2V;ь=V �� 

?@872>4OBь 4> ?>A8;5==O 3;N:>=5>35=57C, 0 B0:>6 71V;ьH5==O @V2=O &�� V 

28@>1=8FB20 �#!� [45]. �=B5=A8DV:0FVO >:8A;5==O 2V;ь=8E �� 2 ?5GV=FV 

28:;8:0є 7=865==O 2<VABC :A8;C;>7>-5-D>AD0BC, I> ?@872>48Bь 4> 0:B820FVW 

3;N:>=5>35=57C (H;OE>< V=381C20==O D>AD>D@C:B>:V=078-1 B0 0:B820FVW 

D@C:B>7>-1,6-48D>AD0B078). !0:>?8G5==O ;V?V4=8E <5B01>;VBV2 (F5@0<V4V2, 

480F8;3;VF5@>;C, 0F5B8;-�>� B0 ��) 7=86Cє GCB;82VABь :;VB8= 4> V=AC;V=C. *V 

;V?V4=V <5B01>;VB8, =0B><VABь, 0:B82CNBь A5@8=/B@5>=V=:V=078 (?@>B5W=:V=07C-C, 

O45@=89 D0:B>@-κB (NF-κB), V=381VB>@=C kB-:V=07C b (IKKb)), O:V ?>BV< 

D>AD>@8;NNBь AC1AB@0B @5F5?B>@0 V=AC;V=C V ?@>B5W=:V=07C B/Akt, V, >B65, 

?@83=VGCNBь ?5@540GC A83=0;V2 V=AC;V=C [49]. 

!04<V@=5 A?>6820==O W6V <>65 ?@8725AB8 4> =0:>?8G5==O =04;8H:C 

?>682=8E @5G>28= C 68@>2V9 B:0=8=V C 283;O4V &��. �=AC;V= 4Vє =0 68@>2C 

B:0=8=C, AB8<C;NNG8 ?>3;8=0==O 3;N:>78 B0 A8=B57 &�� 7 >4=>G0A=8< 
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?@83=VG5==O< 3V4@>;V7C &��. !0:>?8G5==O 68@C AC?@>2>46CєBьAO 71V;ьH5==O< 

>1'є<C 048?>F8BV2 [15]. �V?5@B@>D>20=0 68@>20 B:0=8=0 284V;Oє A?5F8DVG=V 

0:B82=V A?>;C:8 (048?>:V=8), O:V 2:;NG0NBь E5<>:V=8, ?@>70?0;ь=V F8B>:V=8, 

;5?B8=8 (@53C;OB>@8 0?5B8BC), A5=A81V;V70B>@8 V=AC;V=C B0 0B5@>?@>B5:B>@8 

(048?>=5:B8=) [50]. �>A;V465==O ?>:070;8, I> >68@V==O ?>2’O70=5 7 ?>@CH5==O< 

@53C;OFVW A5:@5FVW 048?>:V=V2 7 ?V428I5==O< @V2=O V=381VB>@C 0:B820B>@0 

?;07<V=>35=C (PAI-1), D0:B>@0 =5:@>7C ?CE;8=8 0;ьD0 ((!#-α), <>=>F8B0@=>3> 

E5<>B0:A8G=>3> 1V;:0-1 (MCP-1), 0=3V>B5=78=>35=C B0 V=B5@;59:V=C 6 (��-6). 

"AB0==V B@8 @5G>28=8, (!#-α, MCP-1 B0 ��-6, є ?@>70?0;ь=8<8 F8B>:V=0<8, O:V 

A?@8ONBь A8AB5<=><C 70?0;5==N =87ь:>W V=B5=A82=>ABV, 28O2;5=><C ?@8  %. 

�>4=>G0A PAI-1 ?V428ICє @878: B@><1>7C B0 ?@8A:>@Nє @>728B>: 0B5@>A:;5@>7C. 

$>728B>: 70?0;5==O ?@872>48Bь 4> ?>40;ьH>W @578AB5=B=>ABV <’O7V2 4> V=AC;V=C, 0 

B0:>6 4> @C9=C20==O ³-:;VB8= >AB@V2FV2 �0=35@30=A0 [49]. ":@V< B>3> 1C;> 

28O2;5=>, I> @V25=ь ;5?B8=C (3>@<>=C, O:89 @53C;Nє 2V4GCBBO =0A8G5==O, 28B@0BC 

5=5@3VW B0 3><5>AB07 3;N:>78) 157?>A5@54=ь> ?>2’O70=89 7 :V;ь:VABN 1V;>W 68@>2>W 

B:0=8=8. �0 DV7V>;>3VG=8E C<>2 ;5?B8= A?@8Oє =0A8G5==N B0 A83=0;V7Cє 

3V?>B0;0<CAC ?@> :V;ь:VABь =0:>?8G5=>3> 68@C. #@>B5, 70 @>728B:C  % 28=8:0є 

ABV9:VABь 4> ;5?B8=C 01> ?52=0 <560 9>3> <>6;82>3> 2?;82C, 28E>4OG8 70 O:C 

=>20 4>70 ;5?B8=C 4Vє =57=0G=> [51]. � V=H>3> 1>:C, ?@8 >68@V==V A?>AB5@V30єBьAO 

7=865==O @V2=O 048?>=5:B8=C, O:89 70?>1V30є CB2>@5==N 0B5@>A:;5@>B8G=8E 7<V= 

C AC48=0E. "A=>2=>N 4VєN 048?>=5:B8=C є D>AD>@8;N20==O B0 0:B820FVO 

:;NG>28E ?@><V6=8E ?@>4C:BV2 C A83=0;ь=><C H;OEC V=AC;V=C, I> ?V428ICє 

GCB;82VABь 4> >AB0==ь>3> [52]. "B65, =5AB0G0 048?>=5:B8=C ?@8  % A?@8Oє 

V=AC;V=>@578AB5=B=>ABV B0 ?>@CHCє 3><5>AB07 3;N:>78. #@8 

V=AC;V=>@578AB5=B=>ABV, 2 68@>2V9 B:0=8=V ?>@CHCєBьAO V=381C20==O ;V?>;V7C, O:5 

70157?5GCєBьAO V=AC;V=><. ' @57C;ьB0BV G>3> 71V;ьHCєBьAO :V;ь:VABь 2V;ь=8E ��, 

I> =0B><VABь ?V4A8;Nє @578AB5=B=VABь 4> V=AC;V=C, 28:;8:0NG8 7<V=8 2 

V=AC;V=>2><C A83=0;ь=><C :0A:04V 2 @V7=8E >@30=0E [47]. 

�8DC7VO 3;N:>78 2 :;VB8=C 74V9A=NєBьAO 7024O:8 WW B@0=A?>@B5@0< (GLUT). 

GLUT-4 є >A=>2=8< B@0=A?>@B5@>< 3;N:>78 2 68@>2V9 B:0=8=V, A:5;5B=8E <'O70E V 
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<V>:0@4V. �=AC;V= 72'O7CєBьAO 7 V=AC;V=>28<8 @5F5?B>@0<8 V 0:B82Cє :0A:04 

?5@540GV A83=0;C, I> ?@872>48Bь 4> ?>A8;5==O 5:A?@5AVW GLUT-4 2 ?;07<0B8G=V9 

<5<1@0=V, 0 >B65, 4> ?>A8;5==O ?>3;8=0==O 3;N:>78 7 :@>2>>1V3C [53]. #>A8;5=89 

?>BV: <5B01>;VBV2 C <VB>E>=4@VW, 7<V=8 2 <VB>E>=4@V0;ь=8E 1V;:0E V 7=865==O 

5:A?@5AVW 0=B8>:A840=B=8E D5@<5=BV2 <>6CBь ?@8725AB8 4> ?V428I5==O @V2=O 

0:B82=8E D>@< :8A=N (�(�) ?@8 >68@V==V B0 4V015BV. *V D>@<8 :8A=N 

28:;8:0NBь V=AC;V=>@578AB5=B=VABь G5@57 ?>@CH5==O ?5@540GV A83=0;C 

V=AC;V=>28E @5F5?B>@V2, V 7=865==O 5:A?@5AVW B@0=A?>@B5@0 GLUT-4 =0 :;VB8==V9 

<5<1@0=V [54]. !0 @0==VE AB04VOE @>728B:C V=AC;V=>@578AB5=B=>ABV =>@<0;ь=0 

B>;5@0=B=VABь 4> 3;N:>78 ?V4B@8<CєBьAO :><?5=A0B>@=>N 3V?5@V=AC;V=5<VєN, I> 7 

G0A>< ?@872>48Bь 4> 45A5=A81V;V70FVW ?5@8D5@V9=8E B:0=8= 4> V=AC;V=C [55]. 

�<V=5=0 GCB;82VABь 4> V=AC;V=C 7=86Cє @V25=ь GLUT-4 C :;VB8==V9 <5<1@0=V 

048?>F8BV2 V 0:B82Cє 2 =8E GCB;82C 4> 3>@<>=C ;V?07C. *5, =0B><VABь, 7<5=HCє 

?>3;8=0==O 3;N:>78 68@>2>N B:0=8=>N, 0 B0:>6 AB8<C;Nє ;V?>;V7 [47]. 

�>=F5=B@0FVO 2V;ь=8E �� C ?;07<V 71V;ьHCєBьAO G5@57 ;V?>;V7 C 68@>2V9 B:0=8=V, 

>A>1;82> C 2VAF5@0;ь=><C 68@V. ' <’O70E 2V;ь=V �� A?@8ONBь 7<5=H5==N 

B@0=A;>:0FVW GLUT-4 =0 ?>25@E=N <5<1@0=8, I> 7=86Cє ?>3;8=0==O 3;N:>78. 

"4=>G0A=> 2V;ь=V �� 2?;820NBь =0 35?0B>F8B8, AB8<C;NNG8 ;V?>35=57 B0 

3;N:>=5>35=57. � @57C;ьB0BV D>@<CєBьAO 3V?5@V=AC;V=5<VG=89 AB0= 4;O B>3>, I>1 

?V4B@8<0B8 =>@<0;ь=89 @V25=ь 3;N:>78. �8A>:V :>=F5=B@0FVW 2V;ь=8E �� 15@CBь 

CG0ABь C A8=B57V &�� B0 5AB5@V2 E>;5AB5@>;C, 0 B0:>6 �#!�, O:V <VABOBь 2 A2>є<C 

A:;04V &�� [47]. 

 

1.1.3. "A=>2=V <0@:5@8 70?0;5==O ?@8 <5B01>;VG=><C A8=4@><V 
 

#@8  % A?>AB5@V30єBьAO ?V428I5=89 @V25=ь ?@>70?0;ь=8E <0@:5@V2, B0:8E 

O: V=B5@;59:V=-1³ (��-1³), ��-6, (!#-α B0 %-@50:B82=89 1V;>: (%$�) [56]. 

$>728B>: 70?0;5==O 2545 4> ?>40;ьH>3> DV1@>7C B:0=8=, 0B5@>35=57C B0, 73>4><, 

%%� [47].  0:@>D038, I> ?>E>4OBь V7 68@>2>W B:0=8=8, DC=:FV>=CNBь O: >A=>2=5 

465@5;> ?@>70?0;ь=8E F8B>:V=V2 O: =0 <VAF52><C @V2=V, B0: V 2 A8AB5<=><C 
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:@>2>>1V3C.  0:@>D038 68@>2>W B:0=8=8 ?>4V;ONBьAO =0 420 >A=>2=V B8?8:  1 

(:;0A8G=> 0:B82>20=V <0:@>D038) B0  2 (0;ьB5@=0B82=> 0:B82>20=V <0:@>D038) 

[46].  

��-1³ є >4=8< 7 :;NG>28E @53C;OB>@V2 70?0;ь=>W 2V4?>2V4V >@30=V7<C V 

2V4V3@0є 206;82C @>;ь C ?5@51V3C @V7=8E 70E2>@N20=ь. �>:@5<0, 2V= є >4=VєN 7 

:;NG>28E ;0=>: C @>728B:C 0CB>V<C==8E 70E2>@N20=ь B0 70E2>@N20=ь, O:V 
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<0є =87:C :>@8A=8E 2;0AB82>AB59, O:V <>6CBь ?>:@0I8B8 O:VABь B0 ?@>4>268B8 

B@820;VABь 68BBO ;N48=8. �>:@5<0, E0<07C;5= 7=86Cє @V25=ь ?@>70?0;ь=8E 

F8B>:V=V2 ��-6 B0 (!#-α, I> 287=0G0є 9>3> ?@>B870?0;ь=V 2;0AB82>ABV, 0 B0:>6 

?@>O2;Oє 0=B8>:A840=B=C 740B=VABь 7024O:8 =59B@0;V70FVW 2V;ь=8E @048:0;V2 B0 

V=381C20==N ?5@>:8A=>3> >:8A;5==O ;V?V4V2 [119]. &0:>6 E0<07C;5=, O: V 

1VA01>;>;, 45<>=AB@Cє ?@>B8@0:>2C 0:B82=VABь G5@57 2:;NG5==O 0?>?B8G=>3> 

H;OEC @0:>28E :;VB8= [120]. �VA01>;>; <>65 V=381C20B8 70?0;5==O 70 @0EC=>: 

7=865==O 5:A?@5AVW F8:;>>:A835=078 2. &0:>6 2V4><>, I> 2V= AB8<C;Nє 

0=B8>:A840=B=V A8AB5<8 70E8ABC B0 ?@83=VGCє CB2>@5==O �(�, <0є 

0=B810:B5@V0;ь=V B0 0=B8A5?B8G=V 2;0AB82>ABV [121]. 

(5@=575= 2V4><89 A2>W<8 0=B8>:A840=B=8<8 2;0AB82>ABO<8. �C;> 

28O2;5=>, I> 2V= <0є ?>BC6=C 0=B810:B5@V0;ь=C 0:B82=VABь ?@>B8 3@0<?>78B82=8E 

B0 3@0<=530B82=8E 10:B5@V9, 7>:@5<0 Staphylococcus aureus [122]. &0:>6 1C;> 
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28O2;5=>, I> 2V= 70E8I0є @>A;8=8 2V4 H:V4=8:V2, 7>:@5<0 9>3> 4>40NBь 4> 

@5?5;5=BV2 4;O 1>@>Bь18 7 ?>?5;8F5N [123]. 

 

 

 

$8A. 1.1. "A=>2=V 1V>;>3VG=> 0:B82=V @5G>28=8, O:V 2E>4OBь 4> A:;04C 

@><0H:8 B0 >1C<>2;NNBь WW B5@0?52B8G=V 2;0AB82>ABV. 

 

#>2’O70=V 7 :C<0@8=>< A?>;C:8 28O2;ONBь 0=B8<V:@>1=C B0 ?@>B870?0;ь=C 

0:B82=VABь. !0?@8:;04, C<15;VD5@>= ?@>O2;Oє @V7=><0=VB=V 1V>;>3VG=V 2;0AB82>ABV, 

7>:@5<0, 0=B8>:A840=B=C 0:B82=VABь in vitro, V=381C20==O @5?;V:0FVW ���-1 B0 

V=381C20==O :;VB8==>W ?@>;VD5@0FVW @V7=8E :;VB8==8E ;V=V9 ?CE;8= ;N48=8 [124]. 

�>3> 0=B8>:A840=B=0 4VO 7C<>2;5=0 B8<, I> 2V= 71V;ьHCє 0:B82=VABь %"�. 

'<15;VD5@>= B0 35@=V0@8= G0AB> 28:>@8AB>2CNBь C A>=F570E8A=8E :@5<0E, 

>A:V;ь:8 2>=8 4>1@5 ?>3;8=0NBь C;ьB@0DV>;5B>25 28?@><V=N20==O =0 :V;ь:>E 

4>268=0E E28;ь [124]. �>A;V465==O =0 IC@0E 28O28;>, I> 35@=V0@8= 740B=89 

?@83=VGC20B8 "% B0 70?0;5==O, 7=86CNG8 @V25=ь ��-1 B0 (!#-α [125]. 
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�?V35=V= є >4=8< 7 D;02>=>W4V2 7 =0928I>N :>=F5=B@0FVєN C :2VB:0E 

@><0H:8 (?@81;87=> 17%) V 28:>@8AB>2CєBьAO 4;O AB0=40@B870FVW ?@5?0@0BV2 

@><0H:8 [17, 18]. *O @5G>28=0 B0:>6 <0є ?>B5=FV0; 4;O ?>A8;5==O :;VB8==>W 

A8AB5<8 0=B8>:A840=B=>3> 70E8ABC 70 @0EC=>: 71V;ьH5==O 0:B82=>ABV 3;NB0BV>=-

70;56=8E D5@<5=BV2, :0B0;078 B0 %"� [126]. &0:>6 1C;> 2AB0=>2;5=>, I> 0?V35=V= 

<0є ?@>B870?0;ь=V 2;0AB82>ABV, 7<5=HCNG8 CB2>@5==O ?@>70?0;ь=8E F8B>:V=V2 ��-

1³, ��-6 B0 (!#-α 2 <0:@>D030E <8H59, O:8< 4>4020;8 0?V35=V= ?VA;O V=’є:FVW 

;V?>?>;VA0E0@84>< [18]. �A=CNBь A2V4G5==O, I> F59 D;02>=>W4 <0є 7=0G=C 

?@>B84V015B8G=C 4VN 7024O:8 A2>W9 740B=>ABV ?@83=VGC20B8 D5@<5=B α-

3;N:>78407C, ?>A8;N20B8 28@>1;5==O V=AC;V=C, B0 =59B@0;V7C20B8 �(� C :;VB8=V 

[125]. ":@V< B>3>, 2V= 7<5=HCє V=B5=A82=VABь 3;V:>;V7C B0 ?>3;8=0==O 3;N:>78, 

?V428ICNG8 DC=:FVN <VB>E>=4@V9. �?V35=V= 70157?5GCє 5=4>B5;V0;ь=V :;VB8=8 

=5>1EV4=>N :V;ь:VABN NO·, I> 7=86Cє @878: WE ?>H:>465==O V 48ADC=:FVW, O:0 

<>65 28=8:=CB8 2=0A;V4>: 3V?5@3;V:5<VW. &0:>6 є A2V4G5==O ?@> 

=59@>?@>B5:B>@=C DC=:FVN Fь>3> ?>;VD5=>;C [125]. !87:0 4>A;V465=ь 

?V4B25@46Cє, I> 4>4020==O 0?V35=V=C 4> ��� ?@872>48Bь 4> 7=865==O <0A8 BV;0, 

@V2=O 3;N:>78, &�� C ?;07<V :@>2V B0 V=H8E ?>:07=8:V2 >68@V==O [19, 20, 21]. 

�25@F5B8= 3 I5 >48= D;02>=>W4, I> 2E>48Bь 4> A:;04C @><0H:8, B0 <0є 

28A>:89 B5@0?52B8G=89 ?>B5=FV0;. �>:@5<0 2V4><0 9>3> ?>BC6=0 0=B8>:A840=B=0 

B0 ?@>B870?0;ь=0 4VO =0 >@30=V7<. #@>B870?0;ь=89 5D5:B :25@F5B8=C 1C2 

7C<>2;5=89 7<5=H5==O< @V2=O ?@>70?0;ь=8E F8B>:V=V2, �&( V A09BV2 72’O7C20==O 

NF-κB [127]. �25@F5B8= <>65 7=86C20B8 0:B82=VABь B0:8E D5@<5=BV2, O: 

?@>B5W=:V=078 B0 F8:;>>:A835=078, C B0:89 A?>AV1 ?@83=VGCNG8 0?>?B>7 V 

?@>;VD5@0FVN :;VB8=. &0:>6 FO @5G>28=0 A?@8Oє @535=5@0FVW ³-:;VB8= 2 >AB@V2FOE 

�0=35@30=A0 ?V4H;C=:>2>W 70;>78, 71V;ьHCє 282V;ь=5==O V=AC;V=C B0 =>@<0;V7Cє 

@V25=ь 3;N:>78 2 :@>2V [128]. �25@F5B8= <0є ?@O<C ?@>0?>?B8G=C 4VN =0 @0:>2V 

:;VB8=8, A?>2V;ь=NNG8 ?@>3@5AC20==O @0:C [127]. �=H>N 206;82>N >A>1;82VABN 

:25@F5B8=C є 9>3> 740B=VABь 72’O7C20B8AO 7 V>=0<8 <5B0;V2, B0:8<8 O: Fe2+ , Fe3+ , 

Cu2+ V Ni2+ . *V :><?;5:A8 :25@F5B8=C 7 <5B0;0<8 ?>:070;8 ?@>B80;5@3VG=C, 
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?@>B828@07:>2C, ?@>B8<V:@>1=C, ?@>B8?CE;8==C 0:B82=VABь, 0 B0:>6 70E8A=V 

2;0AB82>ABV ?@8 E2>@>1V �;ьF359<5@0 [127]. 

�NB5>;V=, O: V 0?V35=V= 7 :25@F5B8=><, є 0:B82=8< :><?>=5=B>< :2VBV2 

@><0H:8. �>3> D0@<0:>;>3VG=V 5D5:B8 2:;NG0NBь 0=B8>:A840=B=C, 

?@>B8?CE;8==C, ?@>B870?0;ь=C B0 0=B8<V:@>1=C 4VW [15]. �NB5>;V= <>65 <0B8 

A?@8OB;8289 2?;82 ?@8 1>@>Bь1V 7 >68@V==O< B0 V=AC;V=>@578AB5=B=VABN [129]. 

�C;> 28O2;5=>, I> ;NB5>;V= ?V428IC202 B@0=A:@8?FV9=C 0:B82=VABь @5F5?B>@C, 

O:89 0:B82>20=89 ?@>;VD5@0B>@>< ?5@>:A8A>< ´ (PPAR´), 2 048?>F8B0E, B0 

?V428IC202 WE=N GCB;82VABь 4> V=AC;V=C H;OE>< ?>A8;5==O 5:A?@5AVW 

V=AC;V=>70;56=8E @5F5?B>@V2 B@0=A?>@B5@0 3;N:>78 (GLUT-4). �NB5>;V= B0:>6 

?>A8;Nє 5:A?@5AVN 35=0 048?>=5:B8=C, O:89 є >4=VєN 7 <VH5=59 PPAR´ V 15@5 

CG0ABь C @53C;OFVW @V2=O 3;N:>78 B0 @>7I5?;5==V �� [129]. �NB5>;V= 2>;>4Vє 

7=0G=8<8 :0@4V>?@>B5:B>@=8<8 5D5:B0<8, 70?>1V30NG8 CB2>@5==N �(� V 

?><’O:HCNG8 2B@0BC ?>B5=FV0;C <VB>E>=4@V0;ь=>W <5<1@0=8. �C;> 28O2;5=>, I> 

A5@54 1030Bь>E 1V>;>3VG=> 0:B82=8E @5G>28=, ?@8ACB=VE C <5B0=>;ь=><C 5:AB@0:BV 

@><0H:8, ;NB5>;V= V 0?V35=V= <0NBь =0928IC 740B=VABь AB8<C;N20B8 0=3V>35=57 

[130]. &0:>6 2V= 7<5=HCє =530B82=89 D>B>1V>;>3VG=89 2?;82 =0 :;VB8=8 H:V@8, 

4VNG8 O: ?>BC6=89 0=B8>:A840=B V ?@>B870?0;ь=89 70AV1. �NB5>;V= ?@83=VGCє 

?@>70?0;ь=V <54V0B>@8, 7>:@5<0 ��-1, ��-6, ��-8, �� -17, �� -22, (!#-α B0 

F8:;>>:A835=07C-2, 0 B0:>6 @53C;Nє :;VB8==C ?5@540GC A83=0;V2 G5@57 NF-κB, 

JAK-STAT V TLR H;OE8 [131]. *59 D;02>=>W4 є =59@>?@>B5:B>@=8< 035=B><. �C;> 

?>:070=>, I> 2V= C?>2V;ь=Nє =59@>70?0;ь=V @50:FVW, ?>A;01;Nє 0:B820FVN 3;VW B0 

:>=B@>;Nє "% V ?>H:>465==O ?@8 B0:8E ?0B>;>3VOE, O: E2>@>10 �;ьF359<5@0, 

E2>@>10 #0@:V=A>=0, @>7AVO=89 A:;5@>7 V G5@5?=>-<>7:>2V B@02<8 [132]. 

);>@>35=>20 :8A;>B0 є 206;828< 0=B8>:A840=B=8< :><?>=5=B>< 

5:AB@0:BC @><0H:8 ;V:0@Aь:>W B0 15@5 CG0ABь C 70E8ABV :;VB8= 2V4 >:8A=>3> 

?>H:>465==O B0 ?5@>:8A=>3> >:8A;5==O ;V?V4V2, B0:>6 2>=0 7=86Cє @V25=ь (!#-

α, >4=>3> V7 >A=>2=8E <0@:5@V2 70?0;5==O [133]. �C;> ?>:070=>, I> E;>@>35=>20 

:8A;>B0 70?>1V30є ?V428I5==N A8AB>;VG=>3> 0@B5@V0;ь=>3> B8A:C B0 ?>A;01;Nє 

4V0AB>;VG=C 6>@AB:VABь ;V2>3> H;C=>G:0 ?@8 >68@V==V. �<>2V@=>, F5 2V41C20єBьAO 
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H;OE>< 7<5=H5==O 2V4:;045==O :>;035=C B0 70?>1V30==O V=DV;ьB@0FVW 70?0;ь=8E 

:;VB8=. !0 <>45;OE IC@V2 1C;> ?>:070=>, I> 2>=0 7<5=HCє 70?0;5==O B0 

2V4:;045==O 68@C 2 ?5GV=FV B0 7=86Cє @878: 48A@53C;OFVW D5@<5=BV2 ?5GV=:8 [134]. 

�02>20 :8A;>B0 2>;>4Vє 0=B82V@CA=8<8, 0=B810:B5@V0;ь=8<8 B0 

?@>B8@0:>28<8 2;0AB82>ABO<8. !5I>402=> 1C;> 28O2;5=>, I> ?>EV4=V :02>2>W 

:8A;>B8 <>6CBь 1CB8 0=B03>=VAB0<8 2V@CA=8E 1V;:V2 SARS-CoV-2, 2V4?>2V40;ь=8E 

70 V=D5:FV9=VABь 2V@CAC [135]. &0:>6 1C;> 28O2;5=>, I> 2>=0 ?V4A8;Nє 4VN ?52=8E 

0=B81V>B8:V2, B0:8E O: 5@8B@><VF8=, :;V=40<VF8= V F5D>:A8B8= [136]. 

 

1.3.3. #>B5=FV9=89 70E8A=89 2?;82 @><0H:8 70 C<>2 <5B01>;VG=>3> 

A8=4@><C  
 

/: <>6=0 ?>10G8B8 7 =02545=>3> 28I5, CAV 0:B82=V :><?>=5=B8 @><0H:8 

;V:0@Aь:>W 7030;>< <0NBь ?>BC6=V 0=B8>:A840=B=V B0 ?@>B870?0;ь=V 2;0AB82>ABV. 

/: 707=0G0;>Aь @0=VH5, A0<5 70?0;5==O B0 "% є >4=8<8 7 >A=>2=8E ?@8 @>728B:C 

 %. �=B8>:A840=B=V 2;0AB82>ABV FVєW @>A;8=8 70157?5GCNBьAO ?5@H>G5@3>2> 

D;02>=>W40<8. +5@57 =0O2=VABь 0:B82=8E 3V4@>:A8;ь=8E 3@C? 2>=8 <>6CBь 

A;C68B8 4>=>@0<8 5;5:B@>=V2 V ?>3;8=0B8 2V;ь=V @048:0;8, 0 B0:>6 2V4=>2;N20B8 

>:8A;5=V 1V><>;5:C;8. (5=>;8 7 1V;ьH>N :V;ь:VABN 3V4@>:A8;ь=8E 3@C? <0NBь 

1V;ьHC 5;5:B@>=>4>=>@=C 0:B82=VABь V, 2V4?>2V4=>, 28IV 0=B8>:A840=B=V 

2;0AB82>ABV [15].  

�030B> ?>?5@54=VE 4>A;V465=ь =0 IC@0E 7 4V015B>< ?>:070;>, I> 26820==O 

5B0=>;ь=>3> 5:AB@0:BC 7 :2VBV2 @><0H:8 7<5=HC20;> @>728B>: ?>AB?@0=4V0;ь=>W 

3V?5@3;V:5<VW, V=B5=A82=VABь "%, B0 ?>A8;N20;> 0=B8>:A840=B=C A8AB5<C 70E8ABC 

[20, 23, 137, 138]. �C;> 28O2;5=>, I> ;V:C20==O V=AC;V=>@578AB5=B=8E <8H59, O:V 

?5@51C20;8 =0 ���, 5B0=>;ь=8< 5:AB@0:B>< @><0H:8, 7=0G=> 7=878;> 

@578AB5=B=VABь 4> V=AC;V=C, =5?5@5=>A8<VABь 3;N:>78 B0 @V2=V &��, 

=55B5@8DV:>20=8E �� V E>;5AB5@>;C =87ь:>W 3CAB8=8 2 ?;07<V [139]. &0:>6 є 

4>A;V48 V 7 2>4=8< 2V420@><, O:V ?>:070;8 ?5@A?5:B82=V @57C;ьB0B8 4;O ;V:C20==O 

B0 ?>?5@5465==O  %. �>:@5<0 B0:89 5:AB@0:B 7=86C202 ?V428I5=89 @V25=ь 



44 
 

3;N:>78 2 :@>2V =0BI5 C IC@V2 V7 4V015B>< [140]. �=H5 4>A;V465==O ?>:070;>, I> 

2V420@ @><0H:8 70?>1V30є 71V;ьH5==N <0A8 BV;0, @>728B:C "% 2 ?5GV=FV B0 =8@:0E, 

0 B0:>6 ?>@CH5==N ;V?V4=>3> ?@>DV;N :@>2V C IC@V2, O:8E 3>4C20;8 W65N 7 

28A>:8< 2<VAB>< 68@C [22]. &0:>6 1C;> 28O2;5=>, I> 2V420@ @><0H:8 

?><’O:HC202 =530B82=V 7<V=8, A?@8G8=5=V �(�, B0 70?0;5==O< 2 <>7:C IC@V2, I> 

A?>6820;8 ��� [23]. $><0H:0 ?>:@0ICє GCB;82VABь 4> V=AC;V=C, 2?;820NG8 =0 

@>48=C @5F5?B>@V2, O:V 0:B82>20=V ?@>;VD5@0B>@>< ?5@>:A8A>< (PPAR), 3@C?C 

D0:B>@V2 B@0=A:@8?FVW, O:V 15@CBь CG0ABь C 3><5>AB07V 3;N:>78 B0 ;V?V4V2. 

�:B820FVN PPAR 70728G09 28:>@8AB>2CNBь 4;O ;V:C20==O V=AC;V=>@578AB5=B=>ABV 

B0 48A;V?V45<VW [141]. #>:070=>, I> 5:AB@0:B @><0H:8 0:B82Cє O45@=89 @5F5?B>@ 

PPAR´ C ?5@28==8E 048?>F8B0E ;N48=8, I> ?@872>48Bь 4> A?5F8DVG=>W 5:A?@5AVW 

FV;ь>28E 35=V2 PPAR´ [139]. *V @57C;ьB0B8 @07>< ?V4B25@46CNBь ?>B5=FV9=C 

0:B82=VABь ?@5?0@0BV2 @><0H:8 ?@>B8 >68@V==O B0 ;V?V45<VW. 

#>B5=FV9=89 <5E0=V7< 4VW @><0H:8, O: 70E8A=>W @5G>28=8 ?@8 >68@V==V, 

1C2 >?8A0=89 C AB0BBV Bayliak et al. (2021) [15]. (5=>;ь=V A?>;C:8 @><0H:8, 

>A>1;82> D;02>=>W48 (0?V35=V=, ;NB5>;V= V :25@F5B8=), 0 B0:>6 WE 3;V:>7848, 740B=V 

C?>2V;ь=N20B8 ?5@5B@02;5==O B0 2A<>:BC20==O W6V 2 :8H:V2=8:C. *5 @50;V7CєBьAO 

70 @0EC=>: V=381C20==O D5@<5=BV2, O:V 15@CBь CG0ABь C @>7I5?;5==V 2C3;52>4V2 

(0<V;078 B0 <0;ьB078) B0 V=381C20==O B@0=A?>@B5@V2 4;O <>=>A0E0@84V2. �2VB8 

@><0H:8 <VABOBь ³-A8B>AB5@8=, O:89 ?5@5H:>460є 2A<>:BC20==N E>;5AB5@>;C 2 

:8H:V2=8:C 70 4>?><>3>N :>=:C@5=B=>3> <5E0=V7<C, B0 ?5@5H:>460є 1V>A8=B57C 

E>;5AB5@>;C de novo. (5=>;ь=V A?>;C:8 B0 5DV@=V >;VW @><0H:8 <0NBь 

0=B8>:A840=B=V 2;0AB82>ABV, B><C <>6CBь 70E8I0B8 2V4 "%, ?>2’O70=>3> 7 

>68@V==O< [15]. "68@V==O E0@0:B5@87CєBьAO @>728B:>< E@>=VG=>3> 70?0;5==O, 

>A=>2=8< D0:B>@>< O:>3> є NF-κB. �>;8 @V25=ь �(� 7@>AB0є, ?V4A8;NєBьAO 

0:B820FVO NF-κB [142]. #>A;01;5==O ?@>4C:FVW �(� ?@8 >68@V==V 7024O:8 

0=B8>:A840=B=V9 0:B82=>ABV ?@5?0@0BV2 @><0H:8 <>65 A?@8OB8 70?>1V30==N 

3V?5@0:B820FVW NF-κB V ?>40;ьH><C 282V;ь=5==N =0ABC?=8E 70?0;ь=8E F8B>:V=V2.

#@O<0 0:B820FVO PPAR´ <>65 1CB8 I5 >4=8< 70E8A=8< <5E0=V7<><, O:89 

7<5=HCє ;V?>B>:A8G=VABь V ?>:@0ICє @578AB5=B=VABь 4> V=AC;V=C ?@8 >68@V==V. 
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�@V< B>3>, 5:AB@0:B8 @><0H:8 B0 >:@5<V D5=>;8 <>6CBь ?@8725AB8 4> 0:B820FVW 

@53C;OB>@V2 D0:B>@V2 B@0=A:@8?FVW Nrf2 (O45@=89 D0:B>@ 5@8B@>W4=>3> 

?>E>465==O 2) B0 FOXO1 (forkhead box O1) [15]. #>:070=>, I> ?V428I5=0 

0:B82=VABь Nrf2 ?@83=VGCє 70?0;5==O B0 70?>1V30є 048?>35=57C B0 @>728B:C 

FC:@>2>3> 4V015BC [143]. �V;:8 FOXO, 7>:@5<0 FOXO1, B0:>6 @53C;NNBь @50:FVW 

:;VB8==>3> AB@5AC H;OE>< V=4C:FVW 5:A?@5AVW 70E8A=8E <5E0=V7<V2 [144]. !0 @8A. 

1.2 =02545=> ?>B5=FV9=89 <5E0=V7< 4VW @><0H:8 70 C<>2 <5B01>;VG=8E ?>@CH5=ь. 

 

 

 

$8A. 1.2. #>B5=FV9=89 <5E0=V7< 4VW 2V420@C @><0H:8 ;V:0@Aь:>W 70 C<>2 

<5B01>;VG=8E ?>@CH5=ь. �5;5=8< :>;ь>@>< ?>7=0G5=> 2?;82 @><0H:8, G5@2>=8< 

3 >A=>2=V 1V>EV<VG=V <0@:5@8 <5B01>;VG=>3> A8=4@><C. �(� 3 0:B82=V D>@<8 

:8A=N; ��� 3 2V;ь=V 68@=V :8A;>B8; �&� 3 5;5:B@>=-B@0=A?>@B=89 ;0=FN3 

<VB>E>=4@V9; �& 3 68@>20 B:0=8=0; ��-1³ 3 V=B5@;59:V=-1³; !��! 3 

=V:>B8=0<V4045=V=48=C:;5>B84 2V4=>2;5=89; AMPK 3 AM(-70;56=0 
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?@>B5W=:V=070; mTOR 3 <5E0=VAB8G=0 <VH5=ь 4;O @0?0<VF8=C; NF-κB 3 O45@=89 

D0:B>@-κB; Nrf2 3 O45@=89 D0:B>@ 5@8B@>W4=>3> ?>E>465==O 2; PPAR´ 3 

@5F5?B>@, O:89 0:B82>20=89 ?@>;VD5@0B>@>< ?5@>:A8A>< ´. 

 

 8 22060є<>, I> A0<5 0?V35=V= 70157?5GCє ?@>B5:B>@=V 2;0AB82>ABV 

@><0H:8 =0 B;V  %. �C;> 28O2;5=>, I> A0<5 F59 D;02>=>W4 70?>1V30є 

=0:>?8G5==N ;V?V4V2 C 35?0B>F8B0E HepG2, O:V ?V44020;8 2?;82C ?0;ь<VB8=>2>W 

:8A;>B8 01> 28A>:8E :>=F5=B@0FV9 3;N:>78 [145, 146]. *5 1C;> 7C<>2;5=5 B8<, I> 

0?V35=V= ?>A8;82 D>AD>@8;N20==O � (-70;56=>W :V=078 (AMPK) V 7=8782 @V2=V 

3-3V4@>:A8-3-<5B8;3;CB0@8;-�>�-@54C:B078 B0 0F5B8;-�>�-:0@1>:A8;078 [145, 

146]. *V 4>A;V465==O ?V4B25@46CNBь, I> 0?V35=V= <>65 <0B8 ?@>B5:B>@=89 5D5:B 

?@8 48A;V?V45<VW B0 4V015BV H;OE>< @53C;OFVW 5=5@35B8G=>3> >1<V=C. Lv et al. 

(2019) 28O28;8, I> 0?V35=V= 70?>1V302 @>728B:C !��)# C <8H59, O:8E 3>4C20;8 

W65N 7 28A>:8< 2<VAB>< 68@C [20]. *5 1C;> 7C<>2;5=> B8<, I> 0?V35=V= A:0AC202 

0:B820FVN V=D;0<0A><8 NLRP3 (O:0 0:B82CєBьAO 70 A?>6820==O W6V 7 28A>:8< 

2<VAB>< 68@C), I> 2 A2>N G5@3C ?@8725;> 4> 7=865==O 35=5@0FVW ?@>70?0;ь=8E 

F8B>:V=V2 IL-1³ B0 IL-18, V=381C20==O 0:B82=>ABV :A0=B8=>:A84078 B0 7=865==O 

28@>1=8FB20 A5G>2>W :8A;>B8, 0 B0:>6 �(� [20]. �5?0B>?@>B5:B>@=V 2;0AB82>ABV 

0?V35=V=C ?>2’O70=V 7 ?V428I5==O< 5:A?@5AVW 35=V2, 70;CG5=8E 4> >:8A;5==O 

68@=8E :8A;>B, F8:;C B@8:0@1>=>28E :8A;>B V >:8A=>3> D>AD>@8;N20==O, 0 

B0:>6 ?@83=VG5==O< 5:A?@5AVW ;V?>;VB8G=8E V ;V?>35==8E 35=V2 [147]. �C;> 

2AB0=>2;5=>, I> <>4C;OFVO 0:B82=>ABV PPAR´ 2V4?>2V40є 70 <5B01>;VG=V B0 

B@0=A:@8?FV9=V 7<V=8 C <8H59, 4> O:8< 70AB>A>2C20;8 0?V35=V= =0 B;V E0@GC20==O 

7 28A>:8< 2<VAB>< 68@C [148]. ' 68@>2V9 B:0=8=V F8E B20@8= 0?V35=V= 0:B82C202 

PPAR´ B0 1;>:C202 B@0=A;>:0FVN :><?;5:AC PPAR´ V p65 (0:B82=>W AC1>48=8FV 

D0:B>@0 NF-κB) C O4@>. *5 7<5=H8;> 0:B820FVN NF-κB V, 7@5HB>N, ?@83=VGC20;> 

70?0;5==O [148]. ' ?5GV=FV 0?V35=V= =5 <02 7=0G=>3> 2?;82C =0 PPAR´, 0;5 7=0G=> 

?@83=VGC202 5:A?@5AVN 9>3> B0@35B=8E 35=V2. *V 35=8 :>4CNBь 1V;:8, O:V ?>2’O70=V 

7 <5B01>;V7<>< ;V?V4V2 [137]. ' B>9 65 G0A, 0?V35=V= 28:;8:02 0:B820FVN D0:B>@0 

B@0=A:@8?FVW Nrf2. "AB0==V9 B@0=A;>:C202AO 2 O4@> V 2?;8202 =0 5:A?@5AVN 35=V2, 
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?@>4C:B8 O:8E <>3;8 ?@83=VGC20B8 ;V?V4=89 <5B01>;V7< B0 ?V428IC20B8 

0=B8>:A840=B=89 70E8AB. !0C:>2FV 28A;>28;8 ?@8?CI5==O, I> 0:B820FVO Nrf2 

<>65 ?@>B84VOB8 0:B820FVW PPAR´ C <8H59, O:8E 3>4C20;8 W65N 7 28A>:8< 

2<VAB>< 68@C B0 0?V35=V=>< [137]. �C;> 28O2;5=>, I> 0?V35=V= <>65 7<5=HC20B8 

3;N:>=5>35=57 B0 ;VB>35=57 [149]. *59 D;02>=>W4 V=381C202 5:A?@5AVN 

3;N:>=5>35==8E V ;V?>35==8E 35=V2 C :C;ьBC@V :;VB8= ;N48=8 HepG2. *5 

AC?@>2>46C20;>AO 0:B820FVєN A83=0;ь=>3> H;OEC Nrf2, I> A2V4G8Bь ?@> B5, I> 

>AB0==V9 15@5 CG0ABь C V=381C20==V 5:A?@5AVW 3;N:>=5>35==8E D5@<5=BV2 [149]. 

�?V35=V= =5 28O2;O2 0=B8048?>35==>W 4VW C ;N4Aь:8E ?@5048?>F8B0E 

(<575=EV<0;ь=8E 68@>28E :;VB8=0E). "4=0: 2V= 70?>1V302 =0:>?8G5==N &�� C 

7@V;8E 048?>F8B0E H;OE>< 0:B820FVW ;V?>;V7C [150]. �?V35=V= <>65 ?@83=VGC20B8 

048?>35=57 C <8H0G8E ?@5048?>F8B0E 3T3-L1 =0 @0==VE B0 >AB0==VE AB04VOE 

48D5@5=FVN20==O [151]. Aranaz et al. (2019) ?@8?CA:0NBь, I> D5=>;ь=V A?>;C:8 

270є<>4VNBь 7V A?5F8DVG=8<8 70;8H:0<8 @5F5?B>@0 PPAR´. *5 <>65 287=0G0B8 WE 

?>B5=FV9=C 0=B8048?>35==C 0:B82=VABь =0 @0==VE AB04VOE 48D5@5=FV0FVW [151].  

-5 >4=8< :;NG>28< 5;5<5=B>< 2 @>728B:C >68@V==O є STAT3 (1V;>:, O:89 

?5@5B2>@Nє A83=0; B0 0:B82Cє B@0=A:@8?FVN 3). �:B82=VABь STAT3 ?V428I5=0 C 

2VAF5@0;ь=8E 048?>F8B0E ?0FVє=BV2 V7 >68@V==O<, V 22060єBьAO ?0B>35==8< 

D0:B>@>< 2VAF5@0;ь=>3> >68@V==O [15]. �60 7 28A>:8< 2<VAB>< 68@C ?V428ICє 

D>AD>@8;N20==O STAT3, I> ?@872>48Bь 4> 9>3> ?5@5<VI5==O 2 O4@> B0 

?>A8;5=>W B@0=A;>:0FV9=>W 0:B82=>ABV C 2VAF5@0;ь=V9 68@>2V9 B:0=8=V [152]. �C;> 

28O2;5=>, I> 0?V35=V= 72’O7CєBьAO 7 =5D>AD>@8;ь>20=8< STAT3 V C B0:89 A?>AV1 

7=86Cє D>AD>@8;N20==O >AB0==ь>3>. *59 D;02>=>W4 B0:>6 7=86Cє 5:A?@5AVN 

FV;ь>28E 35=V2, 2:;NG0NG8 35= CD36, 2 048?>F8B0E [152].  

�V;>:, O:89 5:A?@5ACєBьAO 35=>< CD36, 2?5@H5 1C2 V45=B8DV:>20=89, O: 

B@0=A<5<1@0==89 B@0=A?>@B5@ 68@=8E :8A;>B. %?5@HC 22060;8, I> 2V= 15@5 

CG0ABь C ?>3;8=0==V 68@=8E :8A;>B 7 4>238< ;0=FN3>< C B:0=8=0E, 0;5 B5?5@ 2V= 

287=0=89 1030B>DC=:FV>=0;ь=8< @5F5?B>@>< [15]. �=381C20==O 48D5@5=FV0FVW 

048?>F8BV2 ?V4 G0A ;V:C20==O 0?V35=V=>< AC?@>2>46C20;>AO 7=865==O< 5:A?@5AVW 

CD36 B0 PPAR´ [152]. Wu et al. (2021) ?><VB8;8, I> 0?V35=V= <>65 7=86C20B8 
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@V2=V 1V;:V2, O:V 72'O7CNBь @53C;OB>@=V 5;5<5=B8 AB5@>;C 3 SREBP-1c B0 SREBP-2. 

&0:>6 0?V35=V= 7=86Cє 0:B82=VABь ?V4?>@O4:>20=8E W< 35=V2, I> :>4CNBь A8=B07C 

68@=8E :8A;>B, AB50@8;-�oA-45A0BC@07C 1 V 3-3V4@>:A8-3-<5B8;-3;CB0@8;-�oA-

@54C:B07C 2 :;VB8=0E HepG2 7 28A>:8< 2<VAB>< ;V?V4V2, 0 B0:>6 35?0B>F8B0E 

<8H59, O:8E 3>4C20;8 W65N 7 28A>:8< 2<VAB>< 68@C [153]. *V @57C;ьB0B8 

?V4B25@46CNBь 740B=VABь 0?V35=V=C 70E8I0B8 :;VB8=8 2V4 =04;8H:>2>3> 

=0:>?8G5==O ;V?V4V2.  

"B65, 7024O:8 0?V35=V=C, @><0H:0 ;V:0@Aь:0 <0є CAV ?5@A?5:B828, O: 70AV1 

1>@>Bь18 7 >68@V==O< B0 V=H8<8 70E2>@N20==O<8, ?>2’O70=8<8 7  %. ' Fь><C 

4>A;V465==V <8 28@VH8;8 70AB>AC20B8 A0<5 ��$, 0465 2V= є 0=0;>3>< 

@><0H:>2>3> G0N, O:89 ;53:> 4>ABC?=89 B0 G0AB> 28:>@8AB>2CєBьAO C <548G=V9 

?@0:B8FV.  8 AB028;8 70 <5BC ?5@52V@8B8, G8 1C45 2?;820B8 ��$ =0 ?>:07=8:8 

"%, 70?0;5==O B0 ?5@51V3 3;V:>;V7C 2 <8H59 >1>E AB0B59, O:V A?>6820;8 W6C 7 

4>4020==O< <0@30@8=C. 

' ?>?5@54=VE 4>A;V465==OE ��$ ?5@5206=> 70AB>A>2C20;8 =0 IC@0E, O:8E 

3>4C20;8 W65N 7 28A>:8< 2<VAB>< 68@C [22, 23, 154], 01> =0 IC@0E 7 4V015B><, 

O:89 1C2 28:;8:0=89 AB@5?B>7>F8=>< [140, 155, 156]. !0 <8H0E :@0I5 

4>A;V465=89 2?;82 5B0=>;ь=8E 5:AB@0:BV2 @><0H:8 [139], 01> >:@5<8E 

D;02>=>W4V2, 7>:@5<0 0?V35=V=C [19, 20, 153]. �0AB>AC20==O ��$ C E0@GC20==V 

<8H59, C O:8E є <5B01>;VG=V ?>@CH5==O, 70;8H0єBьAO =54>AB0B=ь> 4>A;V465=8<. 

�7 ;VB5@0BC@8 2V4><>, I> 70AB>AC20==O 2V420@V2 @V7=>W :>=F5=B@0FVW A?@8Oє 

D>@<C20==N ?><VB=8E 5D5:BV2 C IC@V2. Jabri et al. (2017) 3>BC20;8 ��$ C 

A?V22V4=>H5==V 1 3 : 5 <;, I> 2V4?>2V40;> :>=F5=B@0FVW 17%. �>A;V4=8:8 4020;8 

IC@0< ��$ I>45==> <5B>4>< 30206C20==O V7 @>7@0EC=:C 100 <3 @><0H:8 =0 1 :3 

<0A8 BV;0 B20@8=8. &0:0 4>70 2V420@C 70?>1V30;0 ?@8@>ABC <0A8 BV;0, 7=86C20;0 

@V2=V &�� V 7030;ь=>3> E>;5AB5@>;C 2 ?;07<V :@>2V, B0 0:B82C20;0 A8AB5<C 

0=B8>:A840=B=>3> 70E8ABC 2 ?5GV=FV [22].  

Khan et al, (2014) C A2>є<C 5:A?5@8<5=BV 28:>@8AB>2C20;8 G09 7 @><0H:8, 

O:89 3>BC20;8 C A?V22V4=>H5==V 1 3 (1 G09=89 ?0:5B8:) : 150 <; 2>48, V 4020;8 

A?>6820B8 IC@0< ad libitum. !5 72060NG8 =0 4>A8Bь =87ь:C :>=F5=B@0FVN 
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@><0H:8 C 2V420@V (0,7%), 4>A;V4=8:8 A?>AB5@V30;8 =86G89 @V25=ь 3;N:>78 2 :@>2V 

(=0BI5 B0 ?VA;O W6V) B0 3;V:>78;ь>20=>3> 35<>3;>1V=C 2 IC@V2 7 4V015B>< [157]. 

"A:V;ь:8 <8 ?;0=C20;8 4>A;V46C20B8 ��$ C B><C 283;O4V, 2 O:><C 9>3> 

=09G0ABVH5 70AB>A>2CNBь C <548G=V9 ?@0:B8FV, B> 1C;> 28@VH5=> 3>BC20B8 9>3> 70 

V=AB@C:FVєN 28@>1=8:0. &><C, :V=F520 :>=F5=B@0FVO ��$, O:C A?>6820;8 <8HV, 

AB0=>28;0 1,6%. &0:>6 <8 =0<030;8AO 4>A;V48B8 2?;82 ��$ C <0:A8<0;ь=> 

?@8@>4=8E C<>20E 4;O <8H59, B><C =5 70AB>A>2C20;8 <5B>4 30206C20==O. 

&20@8=8 A?>6820;8 ��$ ad libitum 70<VABь 2>48.  

 

1.4. #5@V>48G=5 3>;>4C20==O O: ?>B5=FV9=89 70AV1 70E8ABC ?@8 

<5B01>;VG=8E ?>@CH5==OE 
 

�VєB8G=5 >1<565==O 3 F5 7<5=H5==O A?>6820==O W6V 2V4=>A=> 728G09=>3> 

@568<C E0@GC20==O. �V4><>, I> 9>3> 70AB>AC20==O <0є 1030B> ?>78B82=8E 5D5:BV2 

=0 74>@>2’O, O: ;N48=8, B0: V B20@8= [27, 158]. �C;> 2AB0=>2;5=>, I> 4VєB8G=5 

>1<565==O ?>4>26Cє A5@54=N B0 <0:A8<0;ь=C B@820;VABь 68BBO, 0 B0:>6 7=86Cє 

@878: @>728B:C @V7=><0=VB=8E 2V:>28E ?0B>;>3V9 [159, 160]. �V4><>, I> B0:5 

>1<565==O 7<5=HCє <0AC BV;0 V =>@<0;V7Cє @V25=ь 3;N:>78, V=AC;V=C B0 ;5?B8=C 2 

:@>2V C B20@8= V ;N459 7 >68@V==O< [161, 162]. &0:>6 4>A;V465==O ?>:07CNBь, I> 

>1<565=5 E0@GC20==O ?>:@0ICє @>1>BC F5=B@0;ь=>W =5@2>2>W A8AB5<8, B0 

?>A;01;Nє A8<?B><8 2V:>28E =59@>4535=5@0B82=8E @>7;04V2 C <>45;OE =0 

3@87C=0E [159, 163]. 

�A=CNBь 420 >A=>2=8E ?V4E>48 <>45;N20==O 4VєB8G=>3> >1<565==O =0 

3@87C=0E 3 F5 :0;>@V9=5 >1<565==O (�") B0 ?5@V>48G=5 3>;>4C20==O [164]. 

#@>BO3>< �" 4>A;V4=V B20@8=8 >B@8<CNBь W6C I>4=O, ?@>B5 WW :V;ь:VABь 

>1<56CєBьAO 2V4?>2V4=> 4> C<>2 5:A?5@8<5=BC 3 =09G0ABVH5 =0 30-40% <5=H5, 

=V6 ?@8 E0@GC20==V ad libitum. #@8 ?5@V>48G=><C 3>;>4C20==V B20@8=8 <0NBь 

4>ABC? 4> W6V ;8H5 =0 ?52=89 G0A, 0 2 V=H89 ?@><V6>: G0AC 3>;>4CNBь. 

!0?@8:;04, B20@8=8 <>6CBь 1CB8 ?>7102;5=V W6V =0 FV;89 45=ь, 01> =0 :>65= 

4@C389 45=ь, 01> >48= 45=ь 7 B@ь>E, 0 2 ?@><V6:0E <V6 3>;>4C20==O<8 2>=8 <0NBь 
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4>ABC? 4> W6V ad libitum [27, 163]. !091V;ьH ?5@A?5:B82=8< 22060NBь @568< 

3>;>4C20==O G5@57 45=ь (�+�). #@8 �+� A?>6820==O W6V B0 3>;>4C20==O 

G5@3CNBьAO :>6=V 24 3>48=8 [159, 160]. 

�>A;V465==O ?>:07CNBь, I> �+� <>65 1CB8 5D5:B82=8< ?V4E>4>< 4> 

;V:C20==O A8<?B><V2  %. �>:@5<0, 7024O:8 <5B00=0;V7C 1C;> 2AB0=>2;5=>, I> 

E0@GC20==O G5@57 45=ь 7=86Cє <0AC BV;0, � & B0 7030;ь=89 E>;5AB5@>; C ;N459 7 

=04<V@=>N 203>N [29]. ' ?0FVє=BV2 7 !��)# ?>78B82=89 5D5:B �+� ?@>O2;O2AO 

C 7<5=H5==V 48A;V?V45<VW 7V 7=0G=8< 7=865==O< @V2=O &�� C A8@>20BFV :@>2V [30]. 

�>A;V465==O �+� =0 <>;>48E <8H0E, I> A?>6820;8 :>@< 4;O 3@87C=V2, ?>:070;8 

?><V@=89 ?><’O:HC20;ь=89 2?;82 Fь>3> @568<C E0@GC20==O =0 1V>5=5@35B8:C B0 

?0@0<5B@8 "% [28, 158, 163]. #5@V>48G=5 3>;>4C20==O, O:5 70AB>A>20=5 4> <8H59, 

I> A?>6820;8 W6C 7 28A>:8< 2<VAB>< 68@C, B56 ?>:070;> ?5@A?5:B82=V 

@57C;ьB0B8. �C;> 2AB0=>2;5=>, I> C 3@C?V B20@8=, O:8E 3>4C20;8 ?@>BO3>< 

2>Aь<83>48==>3> ?5@V>4C, A?>AB5@V30;8 7<5=H5==O 2038, ?V428I5==O GCB;82>ABV 

4> V=AC;V=C, <5=H89 35?0B>AB50B>7, 7=865==O @V2=O <0@:5@V2 70?0;5==O B0 

?>:@0I5=C @CE>2C :>>@48=0FVN. &0:>6 C F8E B20@8= A?>AB5@V30;8 ?>:@0I5==O 

DC=:FV>=C20==O CREB (cAMP response element-binding protein), mTOR V AMPK 

[165]. �=H5 4>A;V465==O =0 <8H0E 70 ?>4V1=8E C<>2 B56 ?>:070;> 7=865==O <0A8 

BV;0, 7<5=H5==O V=AC;V=>@578AB5=B=>ABV, 0 B0:>6 7=865==O @V2=O E>;5AB5@>;C B0 

(!#-α, ?>@V2=O=> O: 7 3@C?>N, O:0 A?>6820;0 ���, B0: V 7 3@C?>N B20@8=, I> 

A?>6820;8 AB0=40@B=89 ;01>@0B>@=89 :>@< [166]. &0:>6 1C;> 28O2;5=>, I> 

3>4C20==O ?@>BO3>< ?52=>3> >1<565=>3> G0AC ?V4B@8<Cє F8@:04=V @8B<8, @53C;Nє 

@V2=V ;5?B8=C B0 048?>=5:B8=C [167].  8HV ?VA;O �+� 45<>=AB@C20;8 71V;ьH5==O 

:V;ь:>ABV 1C@>3> 68@C, 7=865==O @V2=O >68@V==O, :@0IC GCB;82VABь 4> V=AC;V=C B0 

<5=H89 AB50B>7 ?5GV=:8. �2060єBьAO, I> FV 5D5:B8 70;560Bь 2V4 :8H:>2>W 

<V:@>1V>B8, O:0 ?>:@0ICєBьAO ?@8 3>;>4C20==V [168].  

"B65, 1C;> 28O2;5=>, I> ?5@V>48G=5 3>;>4C20==O <>65 2?;820B8 =0 

V=AC;V=>@578AB5=B=VABь, 70 @0EC=>: @53C;N20==O @V2=O ;5?B8=C B0 048?>=5:B8=C, 

?>:@0IC20B8 <5B01>;V7< 3;N:>78 C ?5GV=FV B0 ?>A;01;N20B8 70?0;5==O. &0:>6 

>1<565=5 A?>6820==O W6V, G5@57 7=865==O @V2=O E>;5AB5@>;C 2 ?;07<V, 7=865==O 
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A8=B57C ��, @53C;OFVW @V2=O ;5?B8=C B0 048?>=5:B8=C, <>65 ?>:@0IC20B8 AB0= 

>@30=V7<C ?@8 3V?5@;V?V45<VW [49]. &0:89 @568< E0@GC20==O 7<5=HCє ?>@CH5==O 2 

<VB>E>=4@VOE, I> 28=8:0NBь ?@8 >68@V==V, V=381Cє 3V?5@B@>DVN 048?>F8BV2, 

AB8<C;Nє @>728B>: CB2>@5==O 1C@>W 68@>2>W B:0=8=8 70 @0EC=>: =>@<0;V70FVW 

<V:@>1V>B8, 0 B0:>6 7<5=HCє 2=CB@VH=ь><’O7>2V 68@>2V 45?>, I> >1C<>2;Nє 

B5@0?52B8G=89 5D5:B ?@8 >68@V==V. �0E8A=89 5D5:B ?5@V>48G=>3> 3>;>4C20==O 

?@8 3V?5@B5=7VW 7C<>2;5=89 ?V428I5==O< ?0@0A8<?0B8G=>W 0:B82=>ABV G5@57 

?>A8;5==O @53C;OFVW =59@>B@>DVG=>3> D0:B>@C 3>;>2=>3> <>7:C, ?>A8;5==O 

284V;5==O =>@04@5=0;V=C G5@57 =8@:8, ?V428I5==O GCB;82>ABV 4> V=AC;V=C B0 

=0B@V9C@5B8G=8E ?5?B84V2 [49]. 

#@>B5 4>A;V4=8:0<8 1C;8 28O2;5=V V =530B82=V 5D5:B8 �+�, >A>1;82> 4;O 

>A>18= <>;>4>3> 2V:C. �>:@5<0, 70AB>AC20==O �+� =0 <>;>48E A0<:0E IC@V2 

7=86C20;> WE 203C B0 A?>6820==O W6V, 0;5 71V;ьHC20;> 2<VAB 70?0A=8E 68@V2, 

?V428IC20;> :>=F5=B@0FVN V=AC;V=C 2 ?;07<V :@>2V B0 7<5=HC20;> <’O7>2C <0AC 

[169]. &0:>6 1C;> 28O2;5=>, I> 70AB>AC20==O �+� 2 <>;>4><C 2VFV 28:;8:0є 

<5B01>;VG=89 AB@5A C <8H59, O:V ?5@54 B8< =5 AB@0640;8 =0  % [158].  >6=0 

7@>18B8 28A=>2>:, I> ?5@V>48G=5 3>;>4C20==O <>65 1CB8 :>@8A=8< ;8H5 C 

28?04:C =0O2=>ABV ?52=8E <5B01>;VG=8E ?>@CH5=ь 01> 2 AB0@H><C 2VFV, 4;O 

?>?5@5465==O ?@>F5AV2 AB0@V==O.  

"A:V;ь:8 ?5@V>48G=5 3>;>4C20==O ?>:070;> =87:C ?>78B82=8E 5D5:BV2 C 

1>@>Bь1V 7 @V7=8<8 ?>@CH5==O<8 7C<>2;5=8<8  %, <8 28@VH8;8 70AB>AC20B8 

9>3> O: :>@83CNG89 @568< E0@GC20==O ?@8 A?>6820==V W6V, 71030G5=>W &!��. � 

>3;O4C =0 B5, I> 2?;82 �+� =0 <>;>48E B20@8= ;8H0єBьAO =5>4=>7=0G=8<, <8 

70AB>AC20;8 9>3> 4> >4=><VAOG=8E A0<FV2 B0 A0<>: <8H59, O:V ?0@0;5;ь=> 7V 

728G09=8< :>@<>< A?>6820;8 <0@30@8=, O: 465@5;> &!��. &0:>6, 15@CG8 4> 

C2038, I> ?>?5@54=V 4>A;V465==O 28:>=0=V =0 B20@8=0E ;8H5 >4=VєW AB0BV, <8 

28@VH8;8 ?5@52V@8B8, G8 >4=0:>289 5D5:B 1C45 <0B8 B0:0 W60 =0 A0<FV2 B0 A0<>: 

70 >4=0:>28E C<>2 ?5@51V3C 5:A?5@8<5=BC. 
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1.5. "1<565==O :0;>@V9=>ABV O: 70AV1 70E8ABC >@30=V7<C 2V4 
?>H:>465=ь 28:;8:0=8E AB0@V==O< 

 
�0;>@V9=5 >1<565==O (�") 3 4>1@5 2V4><89 @568< E0@GC20==O 4;O 

?@>4>265==O B@820;>ABV 68BBO H;OE>< @53C;N20==O :;NG>28E DV7V>;>3VG=8E V 

1V>EV<VG=8E ?@>F5AV2, 7>:@5<0 ?@>;VD5@0FVN, 70?0;5==O, 0CB>D03VN, 0 B0:>6 

0:B82=VABь <VB>E>=4@V9 B0 5=4>35==8E 0=B8>:A840=B=8E A8AB5< [31, 32]. �5DVF8B 

?>682=8E @5G>28= V=381Cє H;OE8, ?>2'O70=V 7 @5F5?B>@>< IGF-1 (insulin growth 

factor-1) B0 A8AB5<>N mTOR, V A?@8Oє 1V;ьH 5D5:B82=><C 48E0;ь=><C 

<5B01>;V7<C, H;OE>< 0:B820FVW AMPK, AV@BCW=V2, B0 !��+-70;56=8E 450F5B8;07. 

AMPK D>AD>@8;Nє G8A;5==V :;VB8==V <VH5=V, V=381CNG8 mTOR B0 0:B82CNG8 

D0:B>@8 286820==O, B0:V O: B@0=A:@8?FV9=89 @53C;OB>@ FOXO1. �@V< B>3>, 

AMPK 0:B82Cє :0B01>;VG=V H;OE8, 7>:@5<0 3;V:>;V7, >:8A;5==O 68@=8E :8A;>B, 

>:8A;N20;ь=5 D>AD>@8;N20==O B0 @>7I5?;5==O 1V;:V2 H;OE>< 0CB>D03VW [170]. 

#>A8;5==O ?>B5=FV0;C 0=B8>:A840=B=>3> 70E8ABC, 7>:@5<0, ?V428I5==O 

0:B82=>ABV %"�, :0B0;078 B0 3;NB0BV>=-70;56=8E D5@<5=BV2, є I5 >4=8< 

206;828< 040?B82=8< <5E0=V7<>< [33, 171]. !5I>402=> 1C;> 28O2;5=>, I> C :>@V 

3>;>2=>3> <>7:C A0<FV2 <8H59, O:V ?5@51C20;8 =0 �+�, 0:B82=VABь 3;NB0BV>=-S-

B@0=AD5@078 (�S&) 1C;0 28I>N [163]. *59 D5@<5=B є 206;828< :><?>=5=B>< 

A8AB5<8 0=B8>:A840=B=>3> 70E8ABC B0 ABV9:>ABV 4> :A5=>1V>B8:V2. �@V< B>3>, �+� 

7C?8=Oє 2V:>2C 2B@0BC 0:B82=>ABV 0:>=VB078, D5@<5=BC, GCB;82>3> 4> >:8A;5==O 

[163]. #@>B8;56=V 5D5:B8 1C;8 >B@8<0=V 2 <>7>G:C, 45 �+� 28:;8:02 ?V428I5==O 

0:B82=>ABV 3;N:>7>-6-D>AD0B453V4@>35=078 (�6(��), 0;5 7=865==O 0:B82=>ABV 

�S& [172]. *59 D5@<5=B 70157?5GCє CB2>@5==O 2V4=>2;N20;ь=8E 5:2V20;5=BV2 (C 

283;O4V 2V4=>2;5=>3> =V:>B8=0<V4045=V=48=C:;5>B84D>AD0BC, !��(!) 4;O B0:8E 

:><?>=5=BV2 0=B8>:A840=B=>3> 70E8ABC, O: 3;NB0BV>=, BV>@54>:A8= V 

3;NB0@54>:A8=@54C:B078 [171]. "B65, =02VBь 1;87ь:>A?>@V4=5=V B:0=8=8 <>6CBь 

?>-@V7=><C @503C20B8 =0 �". 

�>A;V465=ь, O:V 0=0;V7CNBь 2?;82 �" =0 5=5@35B8G=89 <5B01>;V7< B0 

0=B8>:A840=B=89 70E8AB C @V7=8E B:0=8=0E <8H59 3 =51030B>, =0 2V4<V=C 2V4 
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G8A;5==8E 4>A;V465=ь C 30;C7V B@0=A:@8?B><V:8, ?@>B5><V:8 B0 <5B01>;><V:8 [35, 

173, 174]. !572060NG8 =0 B5, I> 2>=8 =040NBь 25;8:V <0A828 40=8E 4;O <091CB=VE 

<5E0=VAB8G=8E 4>A;V465=ь, FV 40=V ?>B@51CNBь ?>40;ьH>W ?5@52V@:8 

70?@>?>=>20=8E <>;5:C;O@=8E <5E0=V7<V2. &><C, DC=:FV>=0;ь=V 4>A;V465==O, I> 

282G0NBь 2V4<V==>ABV 2 0:B82=>ABV ?52=8E D5@<5=BV2, :V;ь:>ABV ?52=8E 1V;:V2 V 

:>=F5=B@0FVW ?52=8E <5B01>;VBV2, <>6CBь 7@>18B8 7=0G=89 2=5A>: C @>7C<V==O 

@57C;ьB0BV2 4>A;V465=ь, I> =02545=V 28I5. 

' ?>?5@54=VE 5:A?5@8<5=B0E 1C;> 28O2;5=>, I> 4VєB8G=V 2B@CG0==O 4V9A=> 

2?;820NBь =0 5=5@35B8G=89 >1<V= B0 0=B8>:A840=B=89 70E8AB [27, 28, 163, 172]. 

�;V:>;VB8G=V B0 A?>@V4=5=V D5@<5=B8 GCB;82V 4> >:8A;5==O, V WE=O 0:B82=VABь <>65 

?>ABC?>2> 7=86C20B8AO 7 2V:>< [175]. � V=H>3> 1>:C, 3;V:>;V7 є <0@:5@>< 

?@>;VD5@0FVW B0 AB0@V==O :;VB8=, V 9>3> 7=865==O 7 2V:>< <>65 @53C;N20B8AO 

B0:>6 =0 @V2=OE B@0=A:@8?FVW B0 B@0=A;OFVW [170]. ' FV9 @>1>BV <8 7>A5@548;8 

C203C =0 2?;82V �" =0 @>728B>: "% B0 ?>@CH5==O <5B01>;VG=>3> >1<V=C 2 ?5GV=FV 

B20@8=, 0 B0:>6 =0 A8AB5<C 0=B8>:A840=B=>3> 70E8ABC =8@>: B0 :>@8 3>;>2=>3> 

<>7:C. 
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$"���� 2.  �&�$���� &�  �&"�� �"%�����!!/ 

 

2.1. %E5<0 5:A?5@8<5=BC 7 4>4020==O< <0@30@8=C 
 

�;O 4>A;V465==O 2?;82C <0@30@8=C, ��$ B0 �+� 1C;8 28:>@8AB0=V <8HV 

;V=VW С57BL/6J >1>E AB0B59. &20@8=8 1C;8 >B@8<0=V 7 �=AB8BCB DV7V>;>3VW V<5=V 

".". �>3><>;ьFO !�! ':@0W=8, <. �8W2, ':@0W=0. �0;V <8HV 1C;8 @>72545=V B0 

CB@8<C20;8Aь =0 :0D54@V 1V>EV<VW B0 1V>B5E=>;>3VW #@8:0@?0BAь:>3> =0FV>=0;ь=>3> 

C=V25@A8B5BC V<5=V �. %B5D0=8:0. %E5<0 5:A?5@8<5=BC =02545=0 =0 @8A. 2.1. 

 

 

 

$8A. 2.1. %E5<0 5:A?5@8<5=BC 7 4>4020==O< <0@30@8=C. 

 

�> 4>AO3=5==O >4=><VAOG=>3> 2V:C B20@8=8 A?>6820;8 :>@< 4;O 

;01>@0B>@=8E B20@8= ## «$57>=-1» (<. �8W2, ':@0W=0). �> 9>3> A:;04C 2E>48;>: 

22,8-23% 1V;:C, 6,3% 68@V2, 5,5-6,5% :;VB:>28=8. �5B0;ь=89 A:;04 ;01>@0B>@=>3> 

:>@<C =02545=89 2 B01;. 2.1.  
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&01;8FO 2.1. 

%:;04 :>@<C 4;O ;01>@0B>@=8E B20@8= ## «$57>=-1» (<. �8W2, ':@0W=0): 

:C:C@C470, OG<V=ь, ?H5=8FO, ?H5=8G=V 28AV2:8, <0:CE0 A>=OH=8:>20, <0:CE0 

A>є20, @81=5 1>@>H=>, 4@V646V :>@<>2V, <>;>:> ACE5 7=568@5=5, A>=OH=8:>20 

>;VO, AV;ь, 2VB0<V==>-<V=5@0;ь=89 :><?;5:A, 0=B8>:A840=B, V=381VB>@ ?;VA=O28. 

�=5@35B8G=0 FV==VABь ::0; 3295 
%8@89 1V;>: % 22,8-23,0 
%8@0 :;VB:>28=0 % 5,50-6,50 
%8@89 68@ % 6,30 
 5BV>=V=+F8AB5W= % 0,83 
�V78= % 1,20 
&@5>=V= % 0,58 
Ca % 0,85 
P % 0,75 
Na % 0,14 
�VB0<V= A  "/:3 15000 
�VB0<V= D3  "/:3 2500 
�VB0<V= E <3/:3 40 
�VB0<V= K3 <3/:3 2 
�VB0<V= B1 <3/:3 4 
�VB0<V= B2 <3/:3 6 
�VB0<V= B3 <3/:3 18 
�VB0<V= B4 <3/:3 400 
�VB0<V= B6 <3/:3 4 
�VB0<V= B7 <3/:3 200 
�VB0<V= B9 <3/:3 2 
�VB0<V= B12 <3/:3 40 
Fe <3/:3 100 
Zn <3/:3 120 
I <:3/:3 280 
Co <:3/:3 1000 
Se <:3/:3 280 
Mn <3/:3 80 

 

#@>BO3>< CAь>3> 5:A?5@8<5=BC <8HV ?5@51C20;8 2 C<>20E 12-3>48==>3> 

F8:;C A2VB;>/B5<@O20 (A2VB;>289 ?5@V>4 7 6 3>4 4> 18 3>4) ?@8 B5<?5@0BC@V ?>2VB@O 

22 ± 2°C B0 2>;>3>ABV 50-60%. #VA;O B>3> O: <8HV 4>AO3;8 =5>1EV4=>3> 2V:C (>48= 

<VAOFь), WE 1C;> ?5@52545=> =0 5:A?5@8<5=B0;ь=5 E0@GC20==O. ' :>6=V9 3@C?V 1C;> 
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?> HVABь A0<FV2 B0 A0<>:, ?> 42V :;VB:8 =0 3@C?C, 2 :>6=V9 ?> B@8 <8HV >4=VєW 

AB0BV. �;O :>6=>W 5:A?5@8<5=B0;ь=>W 3@C?8 1C;> 28:>@8AB0=> <V=V<0;ь=> 

=5>1EV4=C :V;ь:VABь B20@8=, I>1 C=8:=CB8 =54>AB>2V@=>ABV 40=8E 01> 

=54>AB0B=ь>W :V;ь:>ABV @57C;ьB0BV2. 

#5@H0 3@C?0 (:>=B@>;ь=0) ?@>4>268;0 A?>6820B8 ;01>@0B>@=89 :>@<. 

�@C3V9 3@C?V, >:@V< 107>2>3> :>@<C, 4> @0FV>=C 4>4020;8 <0@30@8= 70% 68@=>ABV 

(«%>=OG=89 I54@8:», &  ";:><) (&01;. 2.2). 

 

&01;8FO 2. 2. 

%:;04 <0@30@8=C «%>=OG=89 I54@8:», &  ";:>< (<. �8W2, ':@0W=0). 

%:;04: 68@8 @>A;8==V 3V4@>35=V7>20=V, >;VO A>=OH=8:>20 @0DV=>20=0 
457>4>@>20=0; 2>40 ?8B=0; 5<C;ь30B>@8: <>=>3;VF5@848, 
;5F8B8= A>є289; FC:>@; <>;>:> ACE5 7=568@5=5; AV;ь :CE>==0 
E0@G>20; :>=A5@20=B A>@10B :0;VN; @53C;OB>@ :8A;>B=>ABV 
:8A;>B0 ;8<>==0; 0@><0B870B>@ « 0A;>-�@5<»; 10@2=8: 15B0-
:0@>B8=. 

#>682=0 
(E0@G>20) 
FV==VABь 100 3 
?@>4C:BC: 

�8@8 3 70 3 (7 O:8E =0A8G5=V 12,9-18,2 3). 
�C3;52>48 3 0,1 3 (2:;NG=> 7 FC:@>< 0,1 3). 
�V;:8 3 0,1 3. 
%V;ь 3 0,2 3. 
�=5@35B8G=0 FV==VABь 3 2648 :;�6 (633 ::0;) 

 

 0@30@8= 4020;8 C =04;8H:C, 2 >:@5<V9 ?>AC48=V, >4=0 є<=VABь =0 :;VB:C 

(14 3), 70<V=N20;8 @07 =0 420 4=V. &@5BO 3@C?0 <8H59 A?>6820;0 :>@< B0 

<0@30@8=, 0;5 70<VABь 2>48 W< 4020;8 ��$, O:89 3>BC20;8 70740;53V4ь V7 ACE>W 

@5G>28=8 (#@�& (0@<0F52B8G=0 D01@8:0 «�V>;0»), B0 70<>@>6C20;8. �V420@ 

70<V=N20;8 :>65= 45=ь, > 9 3>4, 018 C=8:=CB8 10:B5@V0;ь=>3> 70@065==O. 

+5B25@BV9 3@C?V B20@8= 4020;8 W6C (<0@30@8= B0 :>@<) G5@57 45=ь. �6C 4020;8 G8 

7018@0;8 :>6=>3> 4=O > 9 3>4. 'AV B20@8=8 <0;8 =5>1<565=89 4>ABC? 4> 2>48 B0 

W6V, O:V 70<V=N20;8Aь @07 =0 B8645=ь. !0 4>A;V4=8E 2840E E0@GC20==O <8HV 

?5@51C20;8 ?@>BO3>< G>B8@ь>E <VAOFV2. 
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2.2. %E5<0 5:A?5@8<5=BC V7 28:>@8AB0==O< :0;>@V9=>3> >1<565==O 

 

�;O 4>A;V465==O 2?;82C �" =0 B20@8= @V7=>3> 2V:C 1C;8 28:>@8AB0=V A0<FV 

B0 A0<:8 <8H59 ;V=VW C57BL/6N, O:V CB@8<C20;8Aь =0 107V :0D54@8 =59@>DV7V>;>3VW 

&N1V=35=Aь:>3> C=V25@A8B5BC, <. &N1V=35=, !V<5GG8=0. %E5<0 5:A?5@8<5=BC 

=02545=0 =0 @8A. 2.2. 

 

 

 

$8A. 2.2. %E5<0 5:A?5@8<5=BC V7 70AB>AC20==O< :0;>@V9=>3> >1<565==O 

(�"). 

 

' Fь><C 4>A;V465==V 1C;> 28:>@8AB0=> 42V :>=B@>;ь=V B0 42V 4>A;V4=V 

3@C?8 B20@8=. �>=B@>;ь=V 3@C?8 <8H59 A?>6820;8 ;01>@0B>@=89 :>@< ad libitum 

?@>BO3>< CAь>3> ?5@V>4C, 4> 4>AO3=5==O 452’OB8- (A5@54=ь>3>) 01> 

2VAV<=04FOB8<VAOG=>3> (AB0@H>3>) 2V:C. �>A;V4=V 3@C?8 B20@8= >B@8<C20;8 70% 

2V4 V=482V4C0;ь=>3> A?>6820==O W6V ad libitum. ' 3@C?V A5@54=ь>3> 2V:C @568< �" 

?>G8=02AO 7 B@ь>E<VAOG=>3> 2V:C V B@8202 HVABь <VAOFV2, 0 2 3@C?V AB0@H>3> 2V:C 

@>7?>G8=02AO C HVABь <VAOFV2 V B@8202 ?@>BO3>< 420=04FOB8 <VAOFV2. "B65, 

:>=B@>;ь=V B0 4>A;V4=V 3@C?8 <0;8 >4=0:>289 2V: =0 :V=5Fь 5:A?5@8<5=BC. &20@8= 

B@8<0;8 ?> >4=V9 C :;VBFV, V7 ?>ABV9=8< 4>ABC?>< 4> 2>48, 2 C<>20E 12-3>48==>3> 
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F8:;C A2VB;>/B5<@O20. ' :>=B@>;ь=8E 3@C?0E 1C;> 28:>@8AB0=> HVABь <8H59 

A5@54=ь>3> 2V:C B0 G>B8@8 <8HV AB0@H>3> 2V:C. �> A:;04C 3@C?, O:8< 

70AB>A>2C20;8 �", 2E>48;8 B@8 B20@8=8 A5@54=ь>3> 2V:C, B0 42V 3 AB0@H>3>. +5@57 

<0;C :V;ь:VABь <8H59 C AB0@HV9 3@C?V 7 �" 1C;8 ?@>2545=V B5E=VG=V ?>2B>@8 

287=0G5==O 1V>EV<VG=8E ?0@0<5B@V2. 

'AV <0=V?C;OFVW 7 ;01>@0B>@=8<8 B20@8=0<8 C 5:A?5@8<5=B0E V7 

4>4020==O< <0@30@8=C B0 70AB>AC20==O< �" 1C;8 ?@>2545=V 2V4?>2V4=> 4> 

�8@5:B828 2010/63/EU Є2@>?59Aь:>3> #0@;0<5=BC B0 $048 Є2@>?59Aь:>3> %>N7C 

?@> 70E8AB B20@8=, O:V 28:>@8AB>2CNBьAO 2 =0C:>28E FV;OE, B0 AE20;5=V �><VAVєN 7 

?8B0=ь 5B8:8 #@8:0@?0BAь:>3> =0FV>=0;ь=>3> C=V25@A8B5BC V<5=V �. %B5D0=8:0 

(?@>B>:>; №1 2V4 05.01.2021 @>:C). 

 

2.3. #@83>BC20==O 2>4=>3> 2V420@C :2VBV2 @><0H:8 

 
�;O ?@83>BC20==O ��$ 28:>@8AB>2C20;8 0?B5G=89 ?@5?0@0B 

D0@<0F52B8G=>W D01@8:8 «�V>;0». �V420@ 3>BC20;8 2V4?>2V4=> 4> V=AB@C:FVW 

28@>1=8:0. %CEV :2VB8 @><0H:8 @>7B8@0;8 C ABC?FV B0 70;820;8 2>4>N C 

A?V22V4=>H5==V 1:30 (1 3 A8@>28=8 =0 30 <; 2>48). �0;V AC<VH AB028;8 :8?’OB8B8, 

?VA;O 70:8?0==O 20@8;8 I5 5 E2. "B@8<0=89 2V420@ >E>;>46C20;8, 2V4FV46C20;8 

B0 4>2>48;8 4> 28EV4=>3> >1’є<C 48AB8;ь>20=>N 2>4>N. *59 @>7G8= 

70<>@>6C20;8 B0 715@V30;8 C <>@>78;ь=V9 :0<5@V ?@8 -20°C. #5@54 B8<, O: 4020B8 

2V420@ <8H0<, 9>3> @>7<>@>6C20;8 B0 @>72>48;8 C A?V22V4=>H5==V 1:1 ?8B=>N 

2>4>N. �V=F520 :>=F5=B@0FVO 2V420@C, O:89 >B@8<C20;8 B20@8=8, AB0=>28;0 1,6%.  

 

2.4. �87=0G5==O <>@D><5B@8G=8E B0 DV7V>;>3VG=8E ?>:07=8:V2 

 
#@>BO3>< ?5@51C20==O <8H59 =0 4>A;V4=8E 2840E E0@GC20==O C =8E 

287=0G0;8 <0AC BV;0, >1’є< 28?8B>W 2>48, 01> 2V420@C @><0H:8 B0 :V;ь:VABь 

A?>68B>W W6V. �:A?5@8<5=B0;ь=8E B20@8= 7206C20;8 I>B86=O 28:>@8AB>2CNG8 

5;5:B@>==V 2038. &0: A0<> @07 =0 B8645=ь 28<V@N20;8 >1’є< 28?8B>W 2>48 B0 

:V;ь:VABь :>@<C, O:89 7’W;8 B20@8=8. �V;ь:VABь <0@30@8=C B0 ��$, I> A?>68;8 
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<8HV, 28<V@N20;8 ?@>BO3>< WE 70<V=8 @07 C 420 4=V G8 @07 =0 45=ь 2V4?>2V4=>. 

#>:07=8: 7=V<0;8 2 <560E 9-10 3>4 @0=:C. �>268=C BV;0 <8H59 287=0G0;8 ?5@54 

701>є<, 28<V@NNG8 2V4AB0=ь 2V4 :V=G8:0 =>A0 B20@8=8 4> >A=>28 E2>AB0 7 

G5@52=>3> 1>:C. �>268=C 28<V@N20;8 2 A0=B8<5B@0E, 28:>@8AB>2CNG8 ;V=V9:C. 

->1 287=0G8B8, G8 28=8:;8 C <8H59 <>@D><5B@8G=V >7=0:8 >68@V==O, C 

B20@8= 287=0G0;8 V=45:A <0A8 BV;0 (� &) B0 V=45:A >68@V==O �V. �;O @>7@0EC=:C 

� &, <0AC <8H59 4V;8;8 =0 4>268=C BV;0 ?V4=5A5=C 4> :204@0B0. �=45:A >68@V==O 

�V @>7@0E>2C20;8 H;OE>< 4V;5==O :C1VG=>3> :>@5=O 2038 B20@8= =0 WE 4>268=C. 

*59 ?>:07=8: @>7@>1;5=> A?5FV0;ь=> 4;O 287=0G5==O >68@V==O C 3@87C=V2 [9, 176]. 

�;O @>7@0EC=:C � & B0 V=45:AC >68@V==O �V 28:>@8AB>2C20;8 7=0G5==O <0A8 BV;0, 

O:5 1C;> 28<V@O=5 ?5@54 701>є<. 

 

2.5. �01V@ 7@07:V2 

 
#VA;O 4>AO3=5==O ?’OB8<VAOG=>3> 2V:C, <8H59, O:V A?>6820;8 <0@30@8=, 

��$ B0 �+�, ?V44020;8 0=5AB57VW 70 4>?><>3>N 2C3;5:8A;>3> 307C, V ?@>2>48;8 

701V@ :@>2V. �@>2 4;O 4>A;V465=ь 1@0;8 7 @5B@>>@1VB0;ь=>3> A8=CA0 70 4>?><>3>N 

A:;O=8E <V:@>:0?V;O@V2 (HIRSCHMANN, !V<5GG8=0). #VA;O G>3> <8H59 

52B0=07C20;8, 70AB>A>2CNG8 F5@2V:0;ь=C 48A;>:0FVN, B0 ?@>2>48;8 701V@ >@30=V2. 

�@>2 F5=B@8DC3C20;8 7 4>4020==O< 10 <:; 0=B8:>03C;O=BC (35?0@8=) ?@8 4°C, 

1500 g, 15 E2, 4;O >B@8<0==O ?;07<8. #VA;O 701>@C ?5GV=:C, =8@:8, A5@F5, :>@C 

3>;>2=>3> <>7:C B0 68@>2C B:0=8=C ?@><820;8 C DV7V>;>3VG=><C @>7G8=V NaCl 

(0,9%), I>1 ?>71CB8AO 2V4 70;8H:V2 :@>2V, B0 ?V4ACHC20;8 DV;ьB@C20;ь=8< 

?0?5@><. "B@8<0=C ?;07<C B0 >@30=8 ?V44020;8 H284:><C 70<>@>6C20==N 70 

4>?><>3>N @V4:>3> 07>BC, 0 40;V 715@V30;8 ?@8 -80°C C :@V>?@>1V@:0E [27, 158].  

�@>2 C <8H59, O:V ?5@51C20;8 =0 5:A?5@8<5=BV 7 �", 1@0;8 ?@868BBє2> 7 

E2>AB>2>W 25=8. �;O 701>@C >@30=V2 B20@8= A?>G0B:C 0=5AB57C20;8, 

28:>@8AB>2CNG8 :5B0<V= (200 <3/:3 <0A8 BV;0) B0 :A8;078= (20 <3/:3 <0A8 BV;0). 

�0;V @>7B8=0;8 G5@52=C ABV=:C G5@57 A5@548==89 @>7@V7. �@C4=C ?>@>6=8=C 

2V4:@820;8 H;OE>< @>7@V70==O @515@ 7=87C 23>@C. #VA;O Fь>3> >3>;N20;8 A5@F5 V 
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22>48;8 ?5@DC7V9=C :0=N;N 2 ;V289 H;C=>G>:. #@0289 H;C=>G>: ?@>:>;N20;8 

4;O 2V4B>:C :@>2V. +5@57 :0=N;N A5@F5 ?5@DC7C20;8 E>;>4=8< :0;V9-D>AD0B=8< 

1CD5@=8< @>7G8=><, KH2PO4 (�(�), ?@>BO3>< 2 E2, ?>:8 2 AC48=0E B0 >@30=0E =5 

70;8H0;>Aь :@>2V [170, 177]. #VA;O 701>@C ?5GV=:C, =8@:8 B0 :>@C 3>;>2=>3> <>7:C 

70<>@>6C20;8 =0 ACE><C ;ь>4C. #;07<C >B@8<C20;8 H;OE>< F5=B@8DC3C20==O 

:@>2V ?@8 4°C, 4000g, ?@>BO3>< 15 E2. "B@8<0=V >@30=8 B0 ?;07<C :@>2V 715@V30;8 

?@8 -80°C [170]. 

 

2.6. #@83>BC20==O <07:V2 :@>2V B0 WE 0=0;V7 
 

�;O ?@83>BC20==O <07:V2 28:>@8AB>2C20;8 A2V6C :@>2, 27OBC 7 

@5B@>>@1VB0;ь=>3> A8=CA0. �@0?;8=C :@>2V =0=>A8;8 =0 ?>?5@54=ь> 7=568@5=5 C 

AC<VHV !V:VD>@>20 ?@54<5B=5 A:5;ьF5, =0 2V4AB0=V 1 A< 2V4 :@0N. �> :@0?;V :@>2V, 

?V4 :CB>< 45°, ?@8:;040;8 H;VDC20;ь=5 A:5;ьF5, G5:0;8 ?>:8 :@>2 @V2=><V@=> 

@>7B5G5BьAO ?> 9>3> @51@V, 0 ?>BV< H284:8< @CE>< @>7BO3C20;8 :@>2 ?> 

?@54<5B=><C A:;V. "B@8<0=89 <07>: 28ACHC20;8 =0 ?>2VB@V B0 D0@1C20;8 

<5B>4>< #0??5=359<0-�@N:>20 [158, 178]. %?>G0B:C <07>: ?>:@820;8 1 <; 

@>7G8=C  09-�@N=20;ь40 V B@8<0;8 40 E2., ?>BV< ?@><820;8 48AB8;ь>20=>N 

2>4>N. �0;V =0 A:5;ьF5 =0=>A8;8 D0@1C $><0=>2Aь:>3>-�V<78 =0 20 E2, ?VA;O G>3> 

?@><820;8 48AB8;ь>20=>N 2>4>N. #>D0@1>20=V <07:8 :@>2V 4>A;V46C20;8 ?V4 

A2VB;>28< <V:@>A:>?><, 28:>@8AB>2CNG8 V<5@AV9=89 >1’є:B82 7V 71V;ьH5==O< 

×1000. (0@18 3>BC20;8 157?>A5@54=ь> ?5@54 28:>@8AB0==O<: D0@1C  09-

�@N=20;ь40 @>72>48;8 C 96% 5B0=>;V C A?V22V4=>H5==V 1:3. (0@1C 

$><0=>2Aь:>3>-�V<78 @>72>48;8 C 48AB8;ь>20=V9 2>4V, 20 :@0?5;ь =0 10 <; 2>48. 

 

2.7. #@83>BC20==O AC?5@=0B0=BV2 

 
�;O 287=0G5==O 0:B82=>ABV %"�, :0B0;078, �6(��, 3;NB0BV>=-70;56=8E 

D5@<5=BV2 B0 2<VABC BV>;>28E 3@C?, B:0=8=8 3><>35=V7C20;8 C A?V22V4=>H5==V 1:10 

C A5@54>28IV 3><>35=V70FVW, 4> A:;04C O:>3> 2E>48;8 50 <  �(� (@! 7,0), 0,5 <  

5B8;5=480<V=B5B@0>FB>20 :8A;>B0 (��&�) B0 0,8 <  D5=V;<5B8;AC;ьD>=V;DB>@84 
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(( %() @>7G8=5=89 C 96% 5B0=>;V (2:070=> :V=F52V :>=F5=B@0FVW), 0 B0:>6 

48AB8;ь>20=0 2>40, O:>N 4>2>48;8 @>7G8= 4> =5>1EV4=>3> >1’є<C. �;O 287=0G5==O 

3;V:>;VB8G=8E D5@<5=BV2 (D>AD>D@C:B>:V=078, ((�, B0 ?V@C20B:V=078, #�) 

3><>35=V70FVN ?@>2>48;8 C A5@54>28IV, I> <VAB8;>: 50 <  V<V407>;ь=89 1CD5@ 

(@! 7,0), 0,5 <  ��&�, 1 <  ( %( @>7G8=5=89 2 96% 5B0=>;V, 1 <  

48BV>B@59B>; (�&&), 20 <  NaF, 150 <  �%l (2:070=> :V=F52V :>=F5=B@0FVW) B0 

4>2>48;8 48AB8;ь>20=>N 2>4>N 4> =5>1EV4=>3> >1’є<C. "B@8<0=V 3><>35=0B8 

F5=B@8DC3C20;8 ?@8 16000 g, 4°C, ?@>BO3>< 15 E2.  

�;O 287=0G5==O 2<VABC #� B:0=8=8 3><>35=V7C20;8 C A?V22V4=>H5==V 1:10 

(1:20 4;O ?5GV=:8) C 96% 5B0=>;V. *5=B@8DC3C20==O 74V9A=N20;8 ?@8 12000 g, 4°C, 

?@>BO3>< 10 E2. �><>35=V70FVN 4;O 287=0G5==O 3;N:>78 B0 3;V:>35=C ?@>2>48;8 C 

A?V22V4=>H5==V 1:10, C A5@54>28IV, I> <VAB8;>: 50 <  �(� (@! 7,4), 0,09% NaN3 

(2:070=> :V=F52V :>=F5=B@0FVW) B0 2>4C. �0;V 7@07:8 V=:C1C20;8 =0 2>4O=V9 10=V ?@8 

70°C, ?@>BO3>< 5 E2, 0 ?>BV< ?5@5=>A8;8 =0 ;V4 =0 5 E2. 4;O >A0465==O 1V;:V2. �0;V 

?@>18 F5=B@8DC3C20;8 ?@8 12000 g, 21°C, ?@>BO3>< 15 E2.  

�;O 287=0G5==O &�� B0 7030;ь=>3> E>;5AB5@>;C B:0=8=8 3><>35=V7C20;8 C 

PBST 1CD5@V (phosphate-buffered saline, I> <VAB8Bь 10 <  Na2HPO4, 2 <  KH2PO4, 

137 <  NaCl, 2,7 <  KCl, 0.05% Triton x-100, pH 7,4 (2:070=> :V=F52V 

:>=F5=B@0FVW)). �0;V ?@>18 V=:C1C20;8 =0 2>4O=V9 10=V (70°C) ?@>BO3>< 10 E2, 0 

40;V F5=B@8DC3C20;8 ?@8 12000 g, 21°C, ?@>BO3>< 15 E2.  

�><>35=V70FVN 2AVE B:0=8= ?@>2>48;8 =0 ;ь>4V. *5=B@8DC3C20==O 

?@>2>48;8 =0 F5=B@8DC7V Eppendorf 5415R (!V<5GG8=0). 

 

2.8. �87=0G5==O 2<VABC V=B5@;59:V=C-1β  
 

��-1³ 287=0G0;8 C 68@>2V9 B:0=8=V B0 ?;07<V :@>2V <8H59 >1>E AB0B59, 

28:>@8AB>2CNG8 V<C=>D5@<5=B=89 0=0;V7 (�(�). �8@>2C B:0=8=C A?>G0B:C 

3><>35=V7C20;8 2 >E>;>465=><C 1CD5@V, I> <VAB82 50 <M Tris pH 7,5, 150 <M 

NaCl, 0,1% Triton X-100 B0 V=381VB>@ ?@>B507 (20 <3/<;, SIGMAFAST S8820) 

(2:070=> :V=F52V :>=F5=B@0FVW). �0;V 3><>35=0B8 V=:C1C20;8 ?@>BO3>< 2 3>4. ?@8 
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4°C 4;O ;V78AC :;VB8=. #VA;O F5=B@8DC3C20==O ?@8 16000 g ?@>BO3>< 15 E2. ?@8 

4°C AC?5@=0B0=B8 2V418@0;8 V 28:>@8AB>2C20;8 4;O 287=0G5==O @V2=O ��-1³. 

�@07:8 715@V30;8 ?@8 -80°C. �0;V WE @>72>48;8 C A?V22V4=>H5==V 1:1 1E D>AD0B=8< 

1CD5@>< ((�), 7 @>7@0EC=:C 250 =3 1V;:C =0 ;C=:C. #;07<C :@>2V @>72>48;8 2 

?’OBь @07V2, V 4>4020;8 100 <:; @>72545=>W ?;07<8 2 :>6=C ;C=:C 4;O :>6=>3> 

7@07:0. #>BV< 68@>2C B:0=8=C V=:C1C20;8 ?@8 4°C ?@>BO3>< 12 3>4, 0 ?;07<C :@>2V 

V=:C1C20;8 ?@>BO3>< 2 3>4 ?@8 :V<=0B=V9 B5<?5@0BC@V. #VA;O Fь>3> B0 :>6=>3> 

=0ABC?=>3> 5B0?C 7@07:8 B@8GV ?@><820;8 100 <:; (�. �;O 1;>:C20==O 

28:>@8AB>2C20;8 200 <:; 4% 18G0G>3> A8@>20B:>2>3> 0;ь1C<V=C (�%�) (2 3>4. 

?@8 :V<=0B=V9 B5<?5@0BC@V). �;ь1C<V= @>72>48;8 2 (�. #VA;O Fь>3> 4> 7@07:V2 

4>4020;8 ?5@28==V 0=B8BV;0 ?@>B8 ��-1³ (ab9722) (?>?5@54=ь> @>72545=V 

48AB8;ь>20=>N 2>4>N 4> :>=F5=B@0FVW 100 <:3/<;), @>72545=V 2 4% �%� (1:100), V 

70;8H0;8 =0 2 3>4 ?@8 :V<=0B=V9 B5<?5@0BC@V. �B>@8==V 0=B8-:@>;OGV 0=B8BV;0 

(CellSignaling #7074S), @>72545=V 2 4% �%� (1:2500), 4>4020;8 ?VA;O ?@><820==O. 

�@07:8 V=:C1C20;8 ?@>BO3>< 2 3>4. ?@8 :V<=0B=V9 B5<?5@0BC@V. #VA;O ?@><820==O 

4> 7@07:V2 4>4020;8 100 <:; 3,3’,5,5’-B5B@0<5B8;15=7848=C 483V4@>E;>@84C, O:89 

є AC1AB@0B>< 4;O ?5@>:A84078 E@>=C =0 2B>@8==8E 0=B8BV;0E. #>BV< 7@07:8 

V=:C1C20;8 ?@8 37°C ?@>BO3>< 22 E2 4> ?>O28 A8=ь>3> 7010@2;5==O. #VA;O 

V=:C10FVW @50:FVN 7C?8=O;8 4>4020==O< 100 <:; 2  H2SO4 V 287=0G0;8 >?B8G=5 

?>3;8=0==O ?@8 450 =<. �87=0G5==O ?@>2>48;8 =0 <V:@>?;0=H5B=><C D>B><5B@V 

Multiskan MCC/340 ((V=;O=4VO). $57C;ьB0B8 28@060;8 C 2V4=>A=8E >48=8FOE 2V4 

A5@54=ь>3> 7=0G5==O ?>3;8=0==O :>=B@>;ь=>W 3@C?8 :>6=>W AB0BV. 

 

2.9. �87=0G5==O 0:B82=>ABV ?0@0>:A>=078 

 
#0@0>:A>=070 (#"!) 70?>1V30є >:8A=><C ?>H:>465==N �#�� B0 �#!�, 

@>7I5?;NNG8 >:8A;5=V ;V?V48; WW 0:B82=VABь 71V;ьHCєBьAO ?@>BO3>< @>728B:C 

70?0;ь=8E ?@>F5AV2 2 >@30=V7<V [179, 180]. 

�;O 287=0G5==O #"! ?;07<C @>72>48;8 2 10 @07V2 C AC<VHV 4;O 287=0G5==O 

D5@<5=BC. %C<VH 3>BC20;8 157?>A5@54=ь> ?5@54 287=0G5==O<, 4> WW A:;04C 
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2E>48;8: 50 <  Tris-HCl (@! 7,0), 1 <  CaCl2 (2:070=> :V=F52V :>=F5=B@0FVW), B0 

4>2>48;8 48AB8;ь>20=>N 2>4>N 4> =5>1EV4=>3> >1’є<C. %C<VH ?5@51C20;0 =0 

2>4O=V9 10=V ?@8 25°C. �;O 287=0G5==O 28:>@8AB>2C20;8 ?;0AB8:>2C :N25BC, O:0 

?>3;8=0є C;ьB@0DV>;5B. ' :N25BC ?>A;V4>2=> 2=>A8;8 @50:FV9=C AC<VH, 5-10 <:; 

@>72545=>3> AC?5@=0B0=BC (70;56=> 2V4 0:B82=>ABV D5@<5=BC 2 ?@>1V), 160 <  4-

48=VB@>D5=V;0F5B0B, B0 4>2>48;8 48AB8;ь>20=>N 2>4>N 4> 1250 <:;. #0@0;5;ь=> 

7 4>A;V4=8<8 7@07:0<8 3>BC20;8 E>;>ABV ?@>18. "AB0==V 287=0G0;8 ?0@0;5;ь=>, 

70<VABь AC?5@=0B0=BC 2 :N25BC 4>4020;8 48AB8;ь>20=C 2>4C. �:B82=VABь D5@<5=BC 

287=0G0;8 =0 A?5:B@>D>B><5B@V Spekol 211 (!V<5GG8=0) ?@8 4>268=V E28;V 405 =< 

?@>BO3>< 90 A5:C=4 7 V=B5@20;>< 2 10 A5:C=4. �:B82=VABь D5@<5=BC 28@060;8 C 

<<>;ь/; [180]. 

 

2.10. �87=0G5==O 0:B82=>ABV <Vє;>?5@>:A84078 

 
 Vє;>?5@>:A84070 ( #") є >4=8< V7 70E8A=8E D5@<5=BV2 >@30=V7<C. #@8 

=0O2=>ABV AC1AB@0BC <>65 28:;8:0B8 ?>H:>465==O B:0=8= 2=0A;V4>: >:8A;5==O. 

�0 =0O2=>ABV 70?0;ь=8E ?@>F5AV2 0:B82=VABь  #" 2 :@>2V 7@>AB0є [180, 181].  

�;O 287=0G5==O 0:B82=>ABV  #" <8 28:>@8AB0;8 <5B>4, O:89 107CєBьAO =0 

740B=>ABV 3,3’,5,5’-B5B@0<5B8;15=7848=C >:8A;N20B8AO H2O2 ?V4 2?;82><  #" 7 

CB2>@5==O< >:A815=7848=C :>@8G=52>3> :>;ь>@C. �:B82=VABь D5@<5=BC 287=0G0;8 

A?5:B@>D>B><5B@8G=8< <5B>4><, DV:ACNG8 7<V=C V=B5=A82=>ABV 7010@2;5==O 

@>7G8=C [182, 183]. 

�;O 287=0G5==O 3>BC20;8 ?0@0;5;ь=> :>=B@>;ь=C B0 4>A;V4=C ?@>18. !0 

300 <:; ?@>18 4> ;C=:8 ?>A;V4>2=> 4>4020;8 @>7G8= )5=:A0, 10 <:; ?;07<8 

(=5@>72545=>W), 20 <  3,3’,5,5’-B5B@0<5B8;15=7848= 3V4@>E;>@84, 1   !2"2 

(2:070=> :V=F52V :>=F5=B@0FVW). ' :>=B@>;ь=C ?@>1C 70<VABь AC?5@=0B0=BC 

4>4020;8 @>7G8= )5=:A0. �=:C1C20;8 ?@8 :V<=0B=V9 B5<?5@0BC@V ?@>BO3>< 42>E 

E28;8=. #VA;O 7025@H5==O V=:C10FVW 4> 2AVE ?@>1 2=>A8;8 4   H2SO4 4;O 7C?8=:8 

@50:FVW. �87=0G5==O ?@>2>48;8 =0 <V:@>?;0=H5B=><C D>B><5B@V Multiskan 
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MCC/340 ((V=;O=4VO) ?@8 4>268=V E28;V 450 =<. �:B82=VABь D5@<5=BC 28@060;8 C 

<<>;ь/;. 

 

2.11. �87=0G5==O 2<VABC ?5@>:A84V2 ;V?V4V2 

 
�<VAB #� 287=0G0;8 =5?@O<8< <5B>4><, 28:>@8AB>2CNG8 :A8;5=>; 

>@0=65289. #VA;O B>3>, O: #� >:8A;NNBь V>=8 Fe2+ 4> Fe3+, >AB0==V9 D>@<Cє 

A?5F8DVG=89 :><?;5:A 7 :A8;5=>;>< >@0=6528<, I> ?>3;8=0є A2VB;> ?@8 580 =<. 

�;O 287=0G5==O #� 2 ?@>1V@:C ?>A;V4>2=> 4>4020;8 4 <  :A8;5=>; 

>@0=65289, 1   H2SO4, 1 <  FeSO4×7H2O, 20 <:; AC?5@=0B0=BC, B0 4>2>48;8 

48AB8;ь>20=>N 2>4>N 4> 1500 <:; (2:070=> :V=F52V :>=F5=B@0FVW). �;O E>;>AB>W 

?@>18 70<VABь AC?5@=0B0=BC 4>4020;8 20 <:; 96% 5B8;>2>3> A?8@BC. �@07:8 

V=:C1C20;8 ?@>BO3>< 60 E2. ?@8 :V<=0B=V9 B5<?5@0BC@V. #@>18 3>BC20;8 C 42>E 

?>2B>@0E. �87=0G5==O ?@>2>48;8 ?@8 4>268=V E28;V 580 =< =0 A?5:B@>D>B><5B@V 

Spekol 211 (!V<5GG8=0) C ?;0AB8:>2V9 :N25BV. "B@8<0=V @57C;ьB0B8 28@060;8 2 

5:2V20;5=B0E 3V4@>?5@>:A84C :C<5=C =0 3@0< A8@>W <0A8 (5:2. �#�/3.A.<.) [184, 

185]. 

 

2.12. �87=0G5==O 2<VABC BV>;>28E 3@C? 

 
� >A=>2V Fь>3> <5B>4C ;568Bь @50:FVO BV>;48AC;ьDV4=>3> >1<V=C, 

@57C;ьB0B>< ?5@51V3C O:>W є CB2>@5==O 2-=VB@>-5-BV>15=7>0BC (�&!�). "AB0==V9 

4C65 GCB;8289 4> @! A5@54>28I0 B0 ?>3;8=0є A2VB;> 70 4>268=8 E28;V 412 =<. 

#0@0;5;ь=> 3>BC20;8 ?@>18 4;O 287=0G5==O =87ь:><>;5:C;O@=8E B0 

7030;ь=8E BV>;V2. ->1 287=0G8B8 =87ь:><>;5:C;O@=V BV>;8, =5>1EV4=> >A048B8 

1V;:8, B><C 4> AC?5@=0B0=BV2 4>4020;8 30% B@8E;>@>FB>2C :8A;>BC (&)") C 

A?V22V4=>H5==V 2:1. #@>18 7 &)" F5=B@8DC3C20;8 ?@8 16000 g, 4°C, ?@>BO3>< 5 

E2. "B@8<0=V AC?5@=0B0=B8 ?5@5=>A8;8 C ?;0AB8:>2V <V:@>?@>1V@:8 B0 715@V30;8 

?@8 4°C. 

�;O 287=0G5==O 7030;ь=8E BV>;V2 3>BC20;8 4>A;V4=V B0 >4=C E>;>ABC ?@>18. 

' E>;>ABC ?@>1C 70<VABь AC?5@=0B0=BC 4>4020;8 A5@54>28I5 3><>35=V70FVW. ' 
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4>A;V4=C ?@>1C (1500 <:;) ?>A;V4>2=> 4>4020;8 100 <  �(� (@! 8,0), 1 <  

�&!� B0 50 <:; AC?5@=0B0=BC (2:070=> :V=F52V :>=F5=B@0FVW). �;O 

=87ь:><>;5:C;O@=8E BV>;V2 B0:>6 3>BC20;8 E>;>ABC ?@>1C. ' ?@>1V@:C 4;O 

287=0G5==O =87ь:><>;5:C;O@=8E BV>;V2 ?>A;V4>2=> 2=>A8;8 100 <  &@8A-HCl 

1CD5@ (@! 9,0), 1 <  �&!� B0 75 <:; AC?5@=0B0=BC 7 &)", 7030;ь=89 >1’є< 1500 

<:; (2:070=> :V=F52V :>=F5=B@0FVW). �0;V ?@>18 4;O 287=0G5==O 

=87ь:><>;5:C;O@=8E B0 7030;ь=8E BV>;V2 AB028;8 V=:C1C20B8 =0 30 E2. ?@8 

:V<=0B=V9 B5<?5@0BC@V. �87=0G5==O ?@>2>48;8 ?@8 4>268=V E28;V 412 =< =0 

A?5:B@>D>B><5B@V Spekol 211 (!V<5GG8=0) C ?;0AB8:>2V9 :N25BV, >=C;N20;8 

?@8;04 ?> ?>2VB@N. $57C;ьB0B8 28@060;8 C <:<>;ь/3.A.<. �<VAB 

28A>:><>;5:C;O@=8E BV>;V2 @>7@0E>2C20;8, O: @V7=8FN <V6 7030;ь=8<8 B0 

=87ь:><>;5:C;O@=8<8 BV>;0<8 [185]. 

 

2.13. �87=0G5==O 0:B82=>ABV 3;NB0BV>=-S-B@0=AD5@078 

 
�;NB0BV>=-S-B@0=AD5@070 (�S&) :0B0;V7Cє @50:FVN :>=’N30FVW 2V4=>2;5=>3> 

3;NB0BV>=C (�S!) B0 1-E;>@>-2,4-48=VB@>15=75=C ()�!�), @57C;ьB0B>< O:>W є 

CB2>@5==O :><?;5:AC 48=VB@>D5=V;BV>5B5@C. �:B82=VABь �S& 287=0G0;8 

A?5:B@>D>B><5B@8G=> 70 H284:VABN CB2>@5==O :V=F52>3> ?@>4C:BC @50:FVW 

(48=VB@>D5=V;BV>5B5@C) ?@8 4>268=V E28;V 340 =<.  

�;O 287=0G5==O 0:B82=>ABV D5@<5=BC 2 :N25BC ?>A;V4>2=> 4>4020;8 

@50:FV9=C AC<VH, 2 <:; AC?5@=0B0=BC, 1 <  )�!�, 7030;ь=89 >1’є< ?@>18 

AB0=>282 1250 <:;. #0@0;5;ь=> 7 4>A;V4=8<8 ?@>10<8 3>BC20;8 E>;>ABV, 45 

AC?5@=0B0=B 70<V=N20;8 =0 0=0;>3VG=89 >1’є< A5@54>28I0 3><>35=V70FVW. �> 

A:;04C @50:FV9=>W AC<VHV 2E>48;>: 50 <  �(� (@! 7,0), 0,5 <  ��&�, 5 <  �S! 

B0 2>40 (2:070=> :V=F52V :>=F5=B@0FVW). %C<VH V=:C1C20;8 =0 2>4O=V9 10=V ?@8 

25°C. �87=0G5==O ?@>2>48;8 =0 A?5:B@>D>B><5B@V Spekol 211 (!V<5GG8=0) C 

?;0AB8:>2V9 :N25BV ?@>BO3>< 90 A 7 V=B5@20;>< 2 10 A, >=C;N20;8 ?@8;04 ?> 

?>2VB@N. $57C;ьB0B8 28@060;8 C "4/<3 1V;:C [172, 186]. 
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2.14. �87=0G5==O 0:B82=>ABV 3;NB0BV>=?5@>:A84078 

 
�:B82=VABь 3;NB0BV>=?5@>:A84078 (�#) 287=0G0;8 =5?@O<8< <5B>4><, 

@5єAB@CNG8 H284:VABь >:8A;5==O !��(! 4> !��(+. !��(! @07>< 7 

3;NB0BV>=@54C:B07>N 15@5 CG0ABь C @50:FVW 2V4=>2;5==O >:8A;5=>3> 3;NB0BV>=C 4> 

�S!. ":8A;5=89 3;NB0BV>= CB2>@NєBьAO 2 @57C;ьB0BV 45B>:A8:0FVW #� 7024O:8 �#.  

%?>G0B:C 3>BC20;8 @50:FV9=C AC<VH, O:C V=:C1C20;8 =0 2>4O=V9 10=V ?@8 

25°C ?@>BO3>< 2Aь>3> 287=0G5==O. �> WW A:;04C 2E>48;>: 50 <  �(�, 0,5 <  

��&�, 4 <  NaN3, 0,25 <  !��(! B0 2>40. �;O 287=0G5==O 0:B82=>ABV 

D5@<5=BC C ?;0AB8:>2C :N25BC ?>A;V4>2=> 2=>A8;8 @50:FV9=C AC<VH, 1 "4/<; 

3;NB0BV>=@54C:B078, 0,2 <  !2"2 B0 50 <:; AC?5@=0B0=BC (2:070=> :V=F52V 

:>=F5=B@0FVW). �030;ь=89 >1’є< ?@>18 AB0=>282 1250 <:;. #0@0;5;ь=> 7 

4>A;V4=8<8 3>BC20;8 E>;>ABV ?@>18, 45 >1’є< AC?5@=0B0=BC 70<V=N20;8 

V45=B8G=>N :V;ь:VABN A5@54>28I0 3><>35=V70FVW. �87=0G5==O ?@>2>48;8 =0 

A?5:B@>D>B><5B@V Spekol 211 (!V<5GG8=0) ?@8 340 =< ?@>BO3>< 90 A 7 V=B5@20;>< 

2 10 A, >=C;N20;8 ?@8;04 ?> ?>2VB@N. $57C;ьB0B8 28@060;8 C <"4/<3 1V;:C [172, 

186]. 

 

2.15. �87=0G5==O 0:B82=>ABV :0B0;078 

 
�:B82=VABь D5@<5=BC 287=0G0;8 =0 >A=>2V @50:FVW @>7?04C H2O2 4> 2>48 B0 

:8A=N ?V4 4VєN :0B0;078.  

%C<VH 4;O 287=0G5==O <VAB8;0 50 <  �(� (@! 7,0), 0,5 <  ��&� B0 2>4C. 

�> :N25B8 4>4020;8 AC<VH, 10 <:; AC?5@=0B0=BC B0 10 <  !2"2 (2:070=> :V=F52V 

:>=F5=B@0FVW). "1’є< ?@>18 AB0=>282 2 <;. �87=0G5==O ?@>2>48;8 2 '(->1;0ABV 

?@8 240 =< C :20@F>2V9 :N25BV, =0 A?5:B@>D>B><5B@V %(-46. #@8;04 >=C;N20;8 

?> @50:FV9=V9 AC<VHV. $5єAB@C20;8 7<V=C >?B8G=>3> ?>3;8=0==O :>6=V 70 A 7 

V=B5@20;>< 5 A. $57C;ьB0B8 28@060;8 2 "4/<3 1V;:C [172, 187]. 
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2.16. �87=0G5==O 0:B82=>ABV AC?5@>:A8448A<CB078 

 
� >A=>2V <5B>4C 7=0E>48BьAO V=381C20==O @50:FVW >:8A;5==O :25@F5B8=C 

%"�. �;O 287=0G5==O 0:B82=>ABV Fь>3> D5@<5=BC 28:>@8AB>2C20;8 N,N,N’,N’-

B5B@0<5B8;5B8;5=480<V= (&� ��), O:89 <>65 CB2>@N20B8 AC?5@>:A84=89 0=V>=-

@048:0; ?@8 =0O2=>ABV :8A=N. �> A:;04C @50:FV9=>W AC<VHV 2E>482: 30 <  &@8A-

1CD5@ (@! 10,0), 0,5 <  ��&�, 0,8 <  &� �� B0 2>40 (2:070=> :V=F52V 

:>=F5=B@0FVW). �> FVєW AC<VHV 4>4020;8 @V7=V :>=F5=B@0FVW AC?5@=0B0=BC B0 

:25@F5B8= (:V=F520 :>=F5=B@0FVO 0,05 < ). �:B82=VABь %"� 287=0G0;8 

A?5:B@>D>B><5B@8G=>, DV:ACNG8 H284:VABь @50:FVW >:8A;5==O :25@F5B8=C 

?@>BO3>< 70 A ?@8 4>268=V E28;V 406 =<. #VA;O 4>4020==O 4> AC<VHV :25@F5B8=C 

B0 AC?5@=0B0=BC @50:FVO >:8A;5==O A?>2V;ь=N20;0AO, 1> >1842V @5G>28=8 

?>G8=0;8 :>=:C@C20B8 70 AC?5@>:A84=89 0=V>=-@048:0;. #@8 4>4020==V 1V;ьH>W 

:>=F5=B@0FVW AC?5@=0B0=BC H284:VABь >:8A;5==O :25@F5B8=C 7=86C20;0Aь. �@82C 

V=381C20==O B0 :>=AB0=BC ?>;>28==>3> V=381C20==O :25@F5B8=C 1C4C20;8 B0 

@>7@0E>2C20;8 70 4>?><>3>N :><?’NB5@=>W ?@>3@0<8 KINETICS. $57C;ьB0B8 

28@060;8 2 "4/<3 1V;:C [172, 186]. 

 

2.17. �87=0G5==O 0:B82=>ABV 3;N:>7>-6-D>AD0B453V4@>35=078 

 
�:B82=VABь �6(�� 287=0G0;8 A?5:B@>D>B><5B@8G=8< <5B>4><, DV:ACNG8 

@50:FVN 2V4=>2;5==O !��( 4> !��(!. �V4=>2;5==O !��( 2V41C20єBьAO 70 

CG0ABV V>=V2 Mg2+, B0 :0B0;V7CєBьAO �6(�� 2 <560E >:8A;5==O 3;N:>7>-6-D>AD0BC 

(�6() 4> 6-D>AD>3;N:>;0:B>=C. 

�;O 287=0G5==O 0:B82=>ABV D5@<5=BC 3>BC20;8 @50:FV9=C AC<VH, I> 

<VAB8;0: 50 <  �(� (@! 7,0), 0,5 <  ��&�, 5 <  MgCl2, 2 <  �6(, 0,2 <  

!��( B0 2>4C (2:070=> :V=F52V :>=F5=B@0FVW). �030;ь=89 >1’є< ?@>18 AB0=>282 

1250 <:;, 7 =8E 20 <:; AC?5@=0B0=BC. �87=0G5==O ?@>2>48;8 =0 A?5:B@>D>B><5B@V 

Spekol 211 (!V<5GG8=0) ?@8 340 =< ?@>BO3>< 90 A 7 V=B5@20;>< 2 10 A, >=C;N20;8 

?@8;04 ?> ?>2VB@N. $57C;ьB0B8 28@060;8 C <"4/<3 1V;:C [172, 186]. 
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2.18. �87=0G5==O 0:B82=>ABV ?V@C20B:V=078 B0 D>AD>D@C:B>:V=078 

 
�:B82=VABь D5@<5=BV2 287=0G0;8 7024O:8 A?@O65=8< @50:FVO< >:8A;5==O 

!��!.  

�:B82=VABь #� 287=0G0;8 28:>@8AB>2CNG8 @50:FV9=C AC<VH, 4> O:>W 

2E>48;>: 50 <  V<V407>;ь=>3> 1CD5@C (@! 7,5), 1 <  D>AD>5=>;?V@C20BC, 5 <  

MgCl2, 50 <  KCl, 2,5 <  ��(, 0,16 <  !��!, 2,5 "4 ;0:B0B453V4@>35=078 

(���) B0 2>40 (2:070=> :V=F52V :>=F5=B@0FVW).  

�;O 287=0G5==O 0:B82=>ABV ((� 28:>@8AB>2C20;8 AC<VH, O:0 <VAB8;0 50 

<  V<V407>;ь=>3> 1CD5@C (@! 7,5), 5 <  MgCl2, 50 <  KCl, 5 <  �&(, 0,16 <  

!��!, 0,5 "4 0;ь4>;078, 0,5 "4 B@V>7>D>AD0BV7><5@078, 2 "4 3;VF5@>;-3-

D>AD0B453V4@>35=078, 5 <  D@C:B>7>-6-D>AD0B (2:070=> :V=F52V :>=F5=B@0FVW). 

�030;ь=89 >1’є< ?@>1 4;O 287=0G5==O 0:B82=>ABV #� B0 ((� AB0=>282 1 

<;. �87=0G5==O ?@>2>48;8 =0 A?5:B@>D>B><5B@V Spekol 211 (!V<5GG8=0) ?@8 340 

=< ?@>BO3>< 90 A 7 V=B5@20;>< 2 10 A, >=C;N20;8 ?@8;04 ?> ?>2VB@N. $57C;ьB0B8 

28@060;8 C <"4/<3 1V;:C [172]. 

 

2.19. �87=0G5==O 2<VABC 3;N:>78 B0 3;V:>35=C 
 

�;N:>7C B0 3;V:>35= 4;O 5:A?5@8<5=BC 7 <0@30@8=>< 287=0G0;8 70 

4>?><>3>N 4V03=>AB8G=>3> =01>@C «�;N:>70-<>=>-400-$» #@�& «$5035=B» 

(�=V?@>, ':@0W=0). �;O 5:A?5@8<5=BC 7 :0;>@V9=8< >1<565==O< 28:>@8AB>2C20;8 

=01V@ D-Glucose Assay Kit (GOPOD Format) 2V4 Megazyme Ltd. (�@59, �@;0=4VO), 

4>B@8<CNG8Aь V=AB@C:FVW, I> 2E>48;0 4> 9>3> A:;04C. � >A=>2V <5B>4C 3 

>:8A;5==O 3;N:>78 7 CB2>@5==O< H2O2 70 CG0ABN D5@<5=BC 3;N:>7>>:A84078. 

�V;ь:VABь 284V;5=>3> H2O2 2V4?>2V40є :V;ь:>ABV 3;N:>78. �0;V 2V= 2V4=>2;NєBьAO 

4> 2>48 ?5@>:A8407>N 2 ?@8ACB=>ABV 4-0<V=>D5=07>=C. %?>;C:0, O:0 CB2>@NєBьAO 

2 @57C;ьB0BV FVєW @50:FVW 3 4-(@-15=7>EV=>=><>=>V<V=>)-D5=07>= 3 @>652>3> 

:>;ь>@C, I> ?>3;8=0є A2VB;> ?@8 4>268=V E28;V 540 =<.  

->1 287=0G8B8 3;V:>35=, 4> ?@>18 4>4020;8 0<V;>3;N:>78407C. (5@<5=B 

@>7I5?;N202 9>3> 4> 3;N:>78, O:C 287=0G0;8 70 ?@8=F8?>< =02545=8< 28I5. 
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#0@0;5;ь=> 3>BC20;8 4>A;V4=V ?@>18 B0 ?@>18 4;O :0;V1@C20;ь=>3> 3@0DV:0. ' 

:0;V1@C20;ь=V 7@07:8 4>4020;8 @V7=V >1’є<8 AB0=40@B=>3> @>7G8=C 3;N:>78, I> 

2E>482 4> =01>@C, 4> 4>AO3=5==O :V=F528E :>=F5=B@0FV9 3 0 <:3/<;, 2 <:3/<;, 4 

<:3/<;, 8 <:3/<;, 12 <:3/<;, 16 <:3/<;, 20 <:3/<;. ' ?@>1V@:8 4;O 287=0G5==O 

3;V:>35=C 4>4020;8 10 <:; AC?5@=0B0=BC, 1 <:; 9% NaN3, 10 <:; 5,5 "4 

0<V;>3;N:>784078 B0 4>2>48;8 2>4>N 4> 100 <:;, ?VA;O G>3> AB028;8 =0 V=:C10FVN 

?@8 37°C =0 4 3>4. #VA;O 7025@H5==O V=:C10FVW 4> F8E ?@>1 4>4020;8 500 <:; 

@>1>G>3> @>7G8=C 7 =01>@C V 7=>2C V=:C1C20;8 ?@8 BV9 65 B5<?5@0BC@V ?@>BO3>< 15 

E2.  

�;O 287=0G5==O 3;N:>78 C ?@>1V@:8 4>4020;8 10 <:; AC?5@=0B0=BC B0 80 

<:; 2>48. �0;V 4> 7@07:V2 B0 :0;V1@C20;ь=8E ?@>1 4>4020;8 ?> 500 <:; @>1>G>3> 

@>7G8=C 7 =01>@C B0 AB028;8 V=:C1C20B8 =0 15 E2 ?@8 37°C. #VA;O 7025@H5==O 

>AB0==ь>W V=:C10FVW 4> 2AVE ?@>1 4>4020;8 500 <:; 2>48 B0 287=0G0;8 :V;ь:VABь 

3;N:>78 =0 A?5:B@>D>B><5B@V Spekol 211 (!V<5GG8=0) ?@8 4>268=V E28;V 540 =<, 

28:>@8AB>2C20;8 ?;0AB8:>2C :N25BC. "=C;N20;8 ?@8;04 ?> ?5@HV9 

:0;V1@C20;ь=V9 ?@>1V, I> =5 <VAB8;0 3;N:>78. $57C;ьB0B8 28@060;8 2 <3/3.A.<. 

[170, 183]. 

 

2.20. �87=0G5==O 2<VABC B@80F8;3;VF5@84V2 

 
�87=0G5==O &�� ?@>2>48;8 70 4>?><>3>N 4V03=>AB8G=>3> =01>@C 

«&@83;VF5@848-<>=>-100-$» #@�& «$5035=B» (�=V?@>, ':@0W=0). #@8=F8? <5B>4C 

107CєBьAO =0 @>7I5?;5==V ;V?V4V2 V7 CB2>@5==O< 3;VF5@>;C. "AB0==V9 ?V440єBьAO 

D>AD>@8;N20==N, 0 40;V >:8A;5==N, 2 @57C;ьB0BV G>3> CB2>@NєBьAO H2O2, O: 

?>1VG=89 ?@>4C:B. #5@>:A84 >:8A;Nє 4-0<V=>0=B8?V@8=, I> 2E>48Bь 4> A:;04C 

@>1>G>3> @>7G8=C (7 =01>@C), 4> EV=>=V<V=C <0;8=>2>3> 7010@2;5==O, I> ?>3;8=0є 

A2VB;> ?@8 4>268=V E28;V 540 =<. 

�;O 287=0G5==O &�� 3>BC20;8 4>A;V4=V B0 :0;V1@C20;ь=V ?@>18. #@>18 4;O 

?>1C4>28 :0;V1@C20;ь=>3> 3@0DV:0 <VAB8;8 @V7=C :>=F5=B@0FVN AB0=40@B=>3> 

@>7G8=C &�� (0 <:3/<;, 2,2 <:3/<;, 4,4 <:3/<;, 8,8 <:3/<;, 13,2 <:3/<;, 17,6 
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<:3/<;, 22 <:3/<; 3 <:3 &�� C <; 7@07:C, 2:070=> :V=F52V :>=F5=B@0FVW). ' 

4>A;V4=V ?@>18 4>4020;8 ?> 50 <:; AC?5@=0B0=BC B0 4>2>48;8 2>4>N 4> 100 <:;. 

�0;V 4> 2AVE ?@>1V@>: 4>4020;8 ?> 300 <:; @>1>G>3> @>7G8=C, B0 ?5@5<VHC20;8 =0 

AB@CHC20GV Vortex ZX4 ?> 10 A :>6=C. #>BV< AB028;8 C B5@<>AB0B =0 15 E2 ?@8 

37°C. #VA;O V=:C10FVW >1’є< ?@>1 4>2>48;8 4> 1 <; 2>4>N, ?5@5<VHC20;8 =0 

AB@CHC20GV ?@>BO3>< 10 A B0 28<V@N20;8 >?B8G=C 3CAB8=C =0 A?5:B@>D>B><5B@V 

Spekol 211 (!V<5GG8=0) ?@8 4>268=V E28;V 540 =<. �87=0G5==O ?@>2>48;8 C 

?;0AB8:>2V9 :N25BV, >=C;N20;8 ?@8;04 ?> ?5@HV9 ?@>1V :0;V1@>2:8, 2 O:V9 1C2 

2V4ACB=V9 AB0=40@B=89 @>7G8= &��. $57C;ьB0B8 28@060;8 2 <3/3.A.<. [183]. 

 

2.21. �87=0G5==O 2<VABC 7030;ь=>3> E>;5AB5@>;C 
 

#V4 4VєN E>;5AB5@>;>:A84078 2V41C20єBьAO >:8A;5==O E>;5AB5@>;C 4> Δ-4-

E>;5AB5=>=C 7 CB2>@5==O< H2O2. "AB0==V9 270є<>4Vє 7 4-0<V=>D5=07>=>< B0 

CB2>@Nє 7010@2;5=C A?>;C:C 3 EV=>=V<V=. �0;56=> 2V4 V=B5=A82=>ABV 7010@2;5==O, 

287=0G0;8 2<VAB 7030;ь=>3> E>;5AB5@>;C A?5:B@>D>B><5B@8G=8< <5B>4><. 

�;O 287=0G5==O 28:>@8AB>2C20;8 4V03=>AB8G=89 =01V@ «)>;5AB5@8=-<>=>-

100-$» #@�& «$5035=B» (�=V?@>, ':@0W=0). �>BC20;8 E>;>ABV, :0;V1@C20;ь=V B0 

4>A;V4=V ?@>18. �0;V1@C20;ь=V ?@>18 <VAB8;8 @V7=C :>=F5=B@0FVN E>;5AB5@>;C 

(:0;V1@C20;ь=>3> @>7G8=C): 0 <<>;ь/;, 0,65 <<>;ь/;, 1,3 <<>;ь/;, 2,6 <<>;ь/;, 3,9 

<<>;ь/;, 5,2 <<>;ь/; (2:070=> :V=F52V :>=F5=B@0FVW). ' 4>A;V4=V ?@>18 4>4020;8 

?> 3 <:; AC?5@=0B0=BC, 0 2 E>;>ABV ?> 3 3 <:; 2>48. �0;V 4> 2AVE 7@07:V2 4>4020;8 

250 <:; <>=>@5035=BC (7 =01>@C), ?5@5<VHC20;8 B0 AB028;8 2 B5@<>AB0B =0 15 E2 

?@8 37°C. �87=0G5==O ?@>2>48;8 >4@07C ?VA;O V=:C10FVW =0 <V:@>?;0=H5B=><C 

D>B><5B@V Multiskan MCC/340 ((V=;O=4VO) ?@8 4>268=V E28;V 540 =<. $57C;ьB0B8 

28@060;8 2 <<>;ь/3.A.<. 

 

2.22. �87=0G5==O 2<VABC 7030;ь=>3> 1V;:C 
 

�:B82=>ABV D5@<5=BV2 ?5@5@0E>2C20;8 =0 <3 1V;:C. �;O 287=0G5==O 9>3> 

2<VABC 2 7@07:C 70AB>A>2C20;8 <5B>4 �@54D>@40. *59 <5B>4 107CєBьAO =0 B><C, I> 
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1V;:8, 72’O7CNG8Aь 7 10@2=8:>< �C<0AV G-250, CB2>@NNBь A?>;C:8 A8=ь>3> 

:>;ь>@C, I> ?>3;8=0NBь A2VB;> ?@8 4>268=V E28;V 595 =< [188].  

�;O 287=0G5==O 2<VABC 7030;ь=>3> 1V;:C A?>G0B:C 3>BC20;8 :0;V1@C20;ь=V 

?@>18, 70 7=0G5==O<8 O:8E 1C4C20;8 :0;V1@C20;ь=89 3@0DV:. �> WE A:;04C 2E>482 

@>7G8= �%� @V7=8E :>=F5=B@0FV9 (0 <:3/<;, 1 <:3/<;, 2 <:3/<;, 4 <:3/<;, 8 

<:3/<;, 12 <:3/<;, 16 <:3/<;, 2:070=> :V=F52V :>=F5=B@0FVW). ' 4>A;V4=V ?@>18 

4>4020;8 ?> 1 <:; AC?5@=0B0=BC. #@>18 3>BC20;8 C 42>E ?>2B>@0E, I>1 C=8:=CB8 

?>E81:8. �0;V 4> :0;V1@C20;ь=8E B0 4>A;V4=8E ?@>1 2=>A8;8 1000 <:; @>7G8=C 

�C<0AV G-250 B0 V=:C1C20;8 ?@>BO3>< 10 E2. �030;ь=89 >1’є< ?@>1 AB0=>282 2 <;. 

�87=0G5==O ?@>2>48;8 =0 D>B><5B@V Eppendorf BioPhotometer (!V<5GG8=0). 

"=C;N20;8 ?@8;04 ?> ?5@HV9 ?@>1V :0;V1@>2:8. $57C;ьB0B8 287=0G5==O 28@060;8 

C 3@0<0E 1V;:C =0 ;VB@ AC?5@=0B0=BC. 

 

2.23. %B0B8AB8G=0 >1@>1:0 40=8E 
 

"B@8<0=V @57C;ьB0B8 >1@0E>2C20;8 70 4>?><>3>N ?@>3@0<=>3> 

70157?5G5==O Microsoft Excel 2010. %B0B8AB8G=89 0=0;V7 ?@>2>48;8, 

28:>@8AB>2CNG8 ?@>3@0<=5 70157?5G5==O R (25@AVO 3.2.4 4;O Windows). �;O 

287=0G5==O AB0B8AB8G=>W 2V4<V==>ABV <V6 ?>:07=8:0<8, >B@8<0=8<8 =0 

5:A?5@8<5=BV 7 <0@30@8=><, 28:>@8AB>2C20;8 >4=>D0:B>@=89 48A?5@AV9=89 0=0;V7 

(ANOVA) 7 ?>40;ьH8< <=>68==8< ?>@V2=O==O< 70 4>?><>3>N <=>68==>3> 

:@8B5@VN �C=:0=0, G5@57 R (?0:5B «DescTools»).  

�;O 5:A?5@8<5=BC 7 �" 40=V 1C;8 ?5@52V@5=V =0 =>@<0;ь=VABь 70 :@8B5@Vє< 

�V;VD>@A0 B0 >4=>@V4=VABь 48A?5@AVW 70 :@8B5@Vє< �525=0 7 28:>@8AB0==O< R 

(?0:5B «DescTools»). �0 =5>1EV4=>ABV 40=V 1C;8 B@0=AD>@<>20=V 70 4>?><>3>N 

<0AHB01>20=>3> ABC?5=52>3> ?5@5B2>@5==O V=AB@C<5=B0<8, @50;V7>20=8<8 2 R 

(?0:5B «car»). �;O ?@>2545==O ?>?0@=8E ?>@V2=O=ь <V6 3@C?0<8 1C;> 70AB>A>20=> 

<5B>4 >FV=:8 3@0=8G=8E A5@54=VE 70 4>?><>3>N ?0:5B0 R «emmeans».  

$V7=8FN <V6 ?>:07=8:0<8, O:V 1C;8 >B@8<0=V 2 42>E 5:A?5@8<5=B0E, 

22060;8 4>AB>2V@=>N 70 7=0G5==O Df0,05. #>@V2=O==O ?@>2>48;8 <V6 CAV<0 
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3@C?0<8, I> ?@89<0;8 CG0ABь 2 5:A?5@8<5=BV, 0 B0:>6 <V6 AB0BO<8. �V7C0;V70FVN 

40=8E ?@>2>48;8 70 4>?><>3>N ?@>3@0<=>3> 70157?5G5==O GraphPad Prism 25@AVO 

8.0.2 4;O Windows. $57C;ьB0B8 ?@54AB02;O;8 C 283;O4V A5@54=ь>3> 7=0G5==O ± 

AB0=40@B=0 ?>E81:0 A5@54=ь>3> (M ± SEM). 
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$"���� 3. �#���  �$��$�!-� �%!"� ��� !� 
 "$(" �&$�+!� &� (���"�"��+!� #�$� �&$�  �,�� 

 

3.1. �<V=0 <>@D><5B@8G=8E ?>:07=8:V2 <8H59, O:V A?>6820;8 
<0@30@8= 7 4>4020==O< 2V420@C @><0H:8 B0 70AB>AC20==O< 3>;>4C20==O 

G5@57 45=ь 
 

�V4><>, I> A?>6820==O W6V 7 28A>:8< 2<VAB>< 68@V2 B0 2C3;52>4V2 <>65 

28:;8:0B8 >68@V==O, >A=>2=8< ?0@0<5B@>< O:>3> є 71V;ьH5==O <0A8 BV;0. 

�V;ьHVABь 4>A;V465=ь ?@>2545=> =0 A0<FOE 3@87C=V2, I> A2V4G8Bь ?@> WE=N 

GCB;82VABь 4> @>728B:C >68@V==O [189, 190, 191, 192, 193]. �2060єBьAO, I> A0<:8 

ABV9:VHV 4> ��� B0 A;01H5 ?@>O2;ONBь <5B01>;VG=V 7<V=8 [194, 195]. �;O B>3>, I>1 

7<>45;N20B8 >68@V==O, 20@B> 28:>@8AB>2C20B8 W6C 7 2<VAB>< 68@C 28I5 45%. 

!0C:>2FV 28O28;8, I> A?>6820==O W6V 7 2<VAB>< 68@C 45% B0 60% 28:;8:0є 

@>728B>: >68@V==O, V=AC;V=>@578AB5=B=VABь, 3V?5@B@83;VF5@845<VN, AB50B>7 

?5GV=:8 B0 3V?5@B5=7VN. )>G0 V=B5=A82=VABь >B@8<0=8E 5D5:BV2 A8;ь=> 70;568Bь 

2V4 B8?C 68@C (@>A;8==>3> G8 B20@8==>3> ?>E>465==O), O:89 28:>@8AB0=> 2 4VєBV, 

B@820;>ABV 5:A?5@8<5=BC B0 284C 3@87C=V2 [191]. &0:>6 1C;> 2AB0=>2;5=>, I> 

A?>6820==O W6V 7 4>4020==O< <0@30@8=C 28:;8:0;> 71V;ьH5==O <0A8 BV;0 C A0<FV2 

<8H59 [196] B0 IC@V2 >1>E AB0B59 [8, 9]. 

' Fь><C 4>A;V465==V <8 A?>AB5@V30;8 ?>ABC?>25 71V;ьH5==O <0A8 BV;0 

B20@8= =0 CAVE 4>A;V4=8E 2840E E0@GC20==O (@8A. 3.1 �, �). *5 ?>2’O70=> 7 B8<, I> 

4;O 5:A?5@8<5=BC 1C;8 28:>@8AB0=V 4C65 <>;>4V (>4=><VAOG=V) <8HV, O:V 

?@>4>26C20;8 A2V9 @VAB, I> ?V4B25@46CNBь ?>?5@54=V 4>A;V465==O [158, 189, 193]. 

"B@8<0=V @57C;ьB0B8 ?>:070;8, I> 4>4020==O <0@30@8=C 4> E0@GC20==O 28:;8:0;> 

B5=45=FVN 4> 7@>AB0==O <0A8 BV;0 A0<FV2 B0 A0<>: <8H59 ?>@V2=O=> 4> 

:>=B@>;ь=8E 3@C? (@8A. 3.1 �, �). +5@57 2=CB@VH=ь>3@C?>2C 20@V015;ь=VABь ;8H5 

A0<FV, O:V A?>6820;8 <0@30@8=, <0;8 4>AB>2V@=> 28IC <0AC BV;0, =V6 :>=B@>;ь=V 

<8HV =0?@8:V=FV 5:A?5@8<5=BC (@8A. 3.1 �). �E <0A0 1C;0 =0 23% 28I>N, =V6 C 

<8H59, I> A?>6820;8 ;8H5 ;01>@0B>@=89 :>@<. �>4020==O ��$ 4> W6V, 
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71030G5=>W <0@30@8=><, ?@8725;> 4> B>3>, I> <0A0 BV;0 A0<FV2 =0 <><5=B 

7025@H5==O 5:A?5@8<5=BC 1C;0 =0 12% =86G>N ?>@V2=O=> 7 3@C?>N, O:0 

A?>6820;0 <0@30@8= 157 2V420@C.  
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$8A. 3.1. �8=0<V:0 7<V=8 <0A8 BV;0 A0<FV2 (�) B0 A0<>: (�) ?@>BO3>< 

5:A?5@8<5=BC.  0A0 BV;0 B20@8= =0 >AB0==V9 45=ь 5:A?5@8<5=BC (�). #@8@VAB <0A8 

BV;0 B20@8= (�). ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. 

*#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 

4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. 

�0=V ?@54AB02;5=V O: M ± SEM, n=6.  

 

!5 1C;> 28O2;5=> 7=0G=>3> 2?;82C <0@30@8=C >:@5<>, B0 ��$ C ?>є4=0==V 

7 <0@30@8=>< =0 <0AC BV;0 A0<>: ?>@V2=O=> 7 :>=B@>;ь=>N 3@C?>N. �0AB>AC20==O 
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�+� 28:;8:0;> 4>AB>2V@=5 71V;ьH5==O 2038, O: A0<FV2, B0: V A0<>: =0 16% B0 26% 

2V4?>2V4=> ?>@V2=O=> 4> :>=B@>;ь=8E 3@C? (@8A. 3.1 �). 

%;V4 707=0G8B8, I> G5@57 28?04:>289 @>7?>4V; <8H59 =0 3@C?8 =0 ?>G0B:C 

5:A?5@8<5=BC, 28EV4=0 <0A0 BV;0 2 3@C?0E 45I> 2V4@V7=O;0AO (@8A. 3.1 �, �). 

"A:V;ь:8 ?>G0B:>20 <0A0 BV;0 B20@8= 2?;820є =0 WE :V=F52C <0AC, <8 @>7@0EC20;8 

?@8@VAB <0A8 BV;0 C 2V4A>B:0E 2V4=>A=> ?>G0B:>2>W <0A8 (@8A. 3.1 �).  8 28O28;8, 

I> A?>6820==O <0@30@8=C ad libitum =5 2?;820;> =0 ?@8@VAB <0A8 BV;0 C A0<FV2, 

0;5 28:;8:0;> 9>3> 71V;ьH5==O C A0<>: =0 40% ?>@V2=O=> 7 :>=B@>;ь=>N 3@C?>N. 

$57C;ьB0B8, O:V 1C;8 >B@8<0=V =0 A0<FOE, 2V4@V7=ONBьAO 2V4 ;VB5@0BC@=8E 40=8E, 

I> <>6=0 ?>OA=8B8 2V4<V==VABN 2 @568<V E0@GC20==O B0 A?>A>1V ?>40GV W6V. ' 

4>A;V465==V Zhu et al. (2019), <0@30@8= 7<VHC20;8 7V AB0=40@B=8< :>@<>< V 4020;8 

A0<FO< IC@V2 [9]. ' 4>A;V465==V Satta et al. (2018) A?>AB5@V30;8 71V;ьH5==O <0A8 

BV;0 A0<>: IC@V2, ?@8 Fь><C <0@30@8= 4020;8 2 >:@5<V9 ?>AC48=V, B>1B> B20@8=8 

<>3;8 >18@0B8 3 WAB8 :>@< G8 <0@30@8= [8]. ' =0H><C 5:A?5@8<5=BV <0@30@8= 

4020;8 >:@5<>, O: A0<FO<, B0: V A0<:0<, =5 7<VHCNG8 7V AB0=40@B=>N W65N. �C;> 

28O2;5=>, I> A0<:8 =04020;8 ?5@5203C <0@30@8=C 70<VABь AB0=40@B=>3> :>@<C.  8 

?5@5410G0є<>, I> 1V;ьH5 A?>6820==O <0@30@8=C 7C<>28;> 28I89 ?@8@VAB <0A8 

BV;0 C <8H59 FVєW AB0BV.  

' =0H><C 4>A;V465==V A?>6820==O W6V 7 4>4020==O< <0@30@8=C B0 ��$ 

?>:070;> B5=45=FVN 4> 7=865==O ?@8@>ABC <0A8 BV;0 C A0<FV2 B0 B5=45=FVN 4> 

71V;ьH5==O C A0<>:, ?>@V2=O=> 4> 2V4?>2V4=8E :>=B@>;ь=8E 3@C? (@8A. 3.1 �). �0 

40=8<8 Jabri et al. (2022) 4>4020==O ��$ 4> W6V, O:0 <VAB8Bь 28A>:C G0AB:C 68@C, 

7=86Cє <0AC BV;0 A0<FV2 IC@V2 [23]. ' =0H><C 28?04:C A?>AB5@V30;0Aь ?>4V1=0 

B5=45=FVO 3 4>4020==O ��$ 4> W6V, I> <VAB8Bь <0@30@8=, 7<5=H8;> ?@8@VAB <0A8 

BV;0 2 >1>E AB0B59, ?>@V2=O=> 4> 3@C?, O:V A?>6820;8 ;8H5 <0@30@8=. �;5 

4>AB>2V@=>W @V7=8FV 28O2;5=> =5 1C;> (@8A. 3.1 �).  

�030B> 4>A;V4=8:V2 AB25@46CNBь, I> 70AB>AC20==O ?5@V>48G=>3> 

3>;>4C20==O A?@8Oє 7=865==N 2038 C ;N459, O:V AB@0640NBь =0 >68@V==O 01> 

<0NBь =04;8H:>2C 203C [24, 197, 198, 199]. �7 ?>?5@54=VE 4>A;V465=ь, O:V 1C;8 

?@>2545=V =0 <8H0E, 2V4><>, I> �+�, 70AB>A>20=5 =0 B;V 728G09=>W W6V 70157?5GCє 
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=86GC <0AC BV;0, O: C A0<FV2, B0: V 2 A0<>: [27, 158]. $57C;ьB0B8 =0H>3> 

4>A;V465==O ?>:070;8 ?@>B8;56=89 5D5:B C A0<FV2 B0 2V4ACB=VABь AB0B8AB8G=> 

4>AB>2V@=8E 7<V= C A0<>: (@8A. 3.1 �). �>;8 A0<FV A?>6820;8 <0@30@8= C 

?>є4=0==V 7 �+�, ?@8@VAB <0A8 BV;0 C =8E 1C2 =0 40% 1V;ьH8< ?>@V2=O=> 7 

:>=B@>;ь=>N 3@C?>N B0 3@C?>N, O:0 A?>6820;0 <0@30@8= ?>ABV9=>. ' A0<>: B0:8E 

7<V= =5 A?>AB5@V30;8. ' :>=B@>;ь=>W 3@C?8 A0<>: B0 A0<>:, O:V ?5@51C20;8 =0 �+�, 

?@8@VAB <0A8 BV;0 1C2 =0 35% B0 45% =86G8< =V6 C 2V4?>2V4=8E 3@C? A0<FV2. 

#@>B5 =5 1C;> 28O2;5=> @V7=8FV <V6 3@C?0<8, O:V A?>6820;8 <0@30@8= ad libitum, 

B0 3@C?0<8, O:V ?8;8 ��$ (@8A. 3.1 �). 

� >3;O4C =0 B5, I> C 45O:8E 5:A?5@8<5=B0;ь=8E 3@C? B20@8= 1C;> 28O2;5=> 

71V;ьH5==O ?@8@>ABC <0A8 BV;0, 1C;> 206;82> ?5@52V@8B8, G8 28=8:;> 2 =8E 

>68@V==O. �;O Fь>3> C 4>A;V4=8E <8H59 1C;8 @>7@0E>20=V � & B0 V=45:A >68@V==O 

�V. $57C;ьB0B8 287=0G5==O � & =02545=V =0 @8A. 3.2 �.  
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$8A. 3.2.  >@D><5B@8G=V ?0@0<5B@8 <8H59, O:V A?>6820;8 4>A;V4=V 

@568<8 E0@GC20==O. �=45:A <0A8 BV;0 (�). �=45:A >68@V==O �V (�). ��$ 3 2>4=89 

2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 

2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± 

SEM, n=6. 
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�C;> 28O2;5=>, I> A?>6820==O <0@30@8=C >:@5<>, 0 B0:>6 @07>< V7 ��$, 

=5 <0;> 2?;82C =0 7<V=C Fь>3> ?>:07=8:0 C B20@8= >1>E AB0B59. ' A0<FV2, I> 

?5@51C20;8 =0 �+�, � & B56 1C2 C <560E :>=B@>;ь=8E 7=0G5=ь. #@>B5, O: 

707=0G0;>AO @0=VH5, WE <0A0 BV;0 1C;0 28I>N 2V4 :>=B@>;ь=>W 3@C?8 (@8A. 3.1 �, �). 

*5 ?>OA=NєBьAO B8<, I> 4;O @>7@0EC=:C � &, >:@V< 2038, 28:>@8AB>2CєBьAO B0:>6 

7=0G5==O 4>268=8 BV;0 B20@8=. /: <>6=0 ?>10G8B8 7 B01;. 3.1, A0<FV 7 1V;ьH>N 

<0A>N <0;8 2V4?>2V4=> 1V;ьHC 4>268=C BV;0. &><C, 2 @57C;ьB0BV ?5@5@0EC=:C <0A8 

=0 :204@0B 4>268=8 BV;0, 1C;8 >B@8<0=V 7=0G5==O � &, O:V 2E>4OBь C <56V =>@<8. 

' A0<>: B20@8=, O:V 3>;>4C20;8, 7=0G5==O � & 1C;> =0 19% B0 16% 28I8< 

?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 B0 3@C?8, O:0 ?8;0 ��$ 2V4?>2V4=>. 

 

&01;8FO 3.1. 

 0A0 B0 4>268=0 BV;0 A0<FV2 <8H59, 4> O:8E 70AB>A>2C20;8 3>;>4C20==O 

G5@57 45=ь. 

№  0A0 BV;0, 3 �>268=0 BV;0, A< 

1. 23,2 9,0 

2. 22,6 9,0 

3. 24,7 10,0 

4. 22,8 9,5 

5. 23,5 9,0 

6. 24,0 9,5 

 

!0 @8A. 3.2 � 7>1@065=> 7=0G5==O V=45:AC >68@V==O �V C B20@8= ?VA;O 

7025@H5==O 5:A?5@8<5=BC. /: 284=> 7 3@0DV:0, ?@8 ?>ABV9=><C A?>6820==V 

<0@30@8=C 157 4>40B:V2, F59 ?0@0<5B@ =5 7<V=82AO ?>@V2=O=> 7 :>=B@>;ь=>N 

3@C?>N, O: C A0<FV2, B0: V 2 A0<>:. �=45:A >68@V==O �V C A0<FV2, O:8< 4>4020;8 

��$ 4> W6V 71030G5=>W <0@30@8=><, 1C2 =0 10% <5=H8< ?>@V2=O=> 4> :>=B@>;ь=>W 

3@C?8 B0 3@C?8, O:0 A?>6820;0 <0@30@8= ad libitum. ' A0<>:, O:V ?8;8 ��$, F59 

V=45:A B0:>6 1C2 =86G89 =0 17% ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 B0 =0 19% 3 
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?>@V2=O=> 4> 3@C?8, I> A?>6820;0 <0@30@8= >:@5<>. �=45:A >68@V==O �V C A0<FV2, 

O:8< 70AB>A>2C20;8 �+� 1C2 =0 @V2=V :>=B@>;ь=8E 7=0G5=ь, 0 C A0<>: =0 FV9 65 

4VєBV 3 =0 5% 28I8<, =V6 C :>=B@>;ь=8E.  

#@>B5, =572060NG8 =0 2V4<V==>ABV, O:V <8 A?>AB5@V30;8 C 7=0G5==OE � & B0 

V=45:AC >68@V==O �V, >B@8<0=V ?0@0<5B@8 1C;8 C <560E DV7V>;>3VG=8E. ->1 

3>2>@8B8 ?@> >68@V==O, � & C <8H59 <0є ?5@528IC20B8 0,35 [200], 0 V=45:A 

>68@V==O �V 0,31 [201]. ' =0H><C 28?04:C =091V;ьH5 7=0G5==O � & 1C;> C 3@C?V 

�+� V 4>@V2=N20;> 0,24, O: C A0<FV2, B0: V 2 A0<>:. !0928I89 V=45:A >68@V==O �V 

1C2 C A0<>: =0 �+� 3 0,31, I> є 25@E=ь>N <565N =>@<8.  

 

3.2. �<V=0 DV7V>;>3VG=8E ?>:07=8:V2 <8H59, O:V A?>6820;8 <0@30@8= 7 
4>4020==O< 2V420@C @><0H:8 B0 70AB>AC20==O< ?5@V>48G=>3> 3>;>4C20==O 

 
/: 2V4><>, 7<V=0 <0A8 BV;0 BVA=> ?>2’O70=0 7 :V;ь:VABN A?>68B>W W6V B0 WW 

:0;>@V9=VABN. $57C;ьB0B8 287=0G5==O :V;ь:>ABV A?>68B>W W6V ?@>BO3>< CAVєW 

B@820;>ABV 5:A?5@8<5=BC =02545=> =0 @8A. 3.3. �@0DV:8 ?>:07CNBь, I> 4>4020==O 

<0@30@8=C 4> E0@GC20==O 7=86C20;> V=B5=A82=VABь A?>6820==O W6V, O: 2 A0<>:, 

B0: V 2 A0<FV2 <8H59 (@8A. 3.3 �, �). !0 @8A. 3.3 � B0 3.3 � =02545=> A5@54=N 

:V;ь:VABь W6V, O:C A?>6820;0 >4=0 <8H0 70 45=ь. *V 3@0DV:8 ?V4B25@46CNBь, I> 

B20@8=8, O:8< 4>4020;8 4> @0FV>=C <0@30@8=, A?>6820;8 <5=H5 W6V 7030;><, 0 

B0:>6 107>2>3> :>@<C 7>:@5<0.  8 28O28;8, I> A0<FV, O:V A?>6820;8 <0@30@8= ad 

libitum, 2 A5@54=ь><C W;8 =0 15% <5=H5 W6V, =V6 :>=B@>;ь=0 3@C?0 (@8A. 3.3 �), 0 

A0<:8 3 =0 30% <5=H5 (@8A. 3.3 �). �030;>< 4>4020==O <0@30@8=C 4> 4>A;V4=>3> 

E0@GC20==O, 7C<>28;> =86G5 A?>6820==O W6V A0<:0<8 3 2>=8 W;8 =0 30% <5=H5, 

=V6 :>=B@>;ь=0 3@C?0 (@8A. 3.3 �). %0<FV, O:8< 4>4020;8 ��$, A?>6820;8 B0:C 

A0<C :V;ь:VABь W6V, O: V :>=B@>;ь=0 3@C?0, B0 =0 11% 1V;ьH5 3 ?>@V2=O=> 7 

B20@8=0<8, O:V A?>6820;8 <0@30@8= ad libitum (@8A. 3.3 �).  8 ?5@5410G0є<>, I> 

@><0H:0, <>6;82>, 740B=0 ?>:@0IC20B8 0?5B8B. �>:@5<0, =5I>402=є 4>A;V465==O 

=0 A0<FOE O?>=Aь:8E ?5@5?V;>: ?>:070;>, I> 4>4020==O 4> W6V ?>@>H:C V7 :2VBV2 

@><0H:8 ?>:@0I8;> A?>6820==O W6V B0 ?V428I8;> <0AC BV;0 [202].  
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$8A. 3.3. %?>6820==O W6V A0<FO<8 (�) B0 A0<:0<8 (�) ?@>BO3>< 

5:A?5@8<5=BC. %5@54=O :V;ь:VABь W6V A?>68B0 >4=VєN <8H5N 70 >48= 45=ь (�, �), 

1;0:8B=8< :>;ь>@>< ?>7=0G5=> :V;ь:VABь A?>68B>3> :>@<C, A8=V< 3 :V;ь:VABь 

A?>68B>3> <0@30@8=C. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 

45=ь. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. 

**#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> A?>6820;0 <0@30@8= ad 

libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=6. 

 

%0<FV, 4> O:8E 70AB>A>2C20;8 �+�, A?>6820;8 <5=H5 W6V =0 30% 

?>@V2=O=> 4> :>=B@>;ь=8E B20@8=, B0 =0 18% 3 ?>@V2=O=> 4> 3@C?8, O:0 A?>6820;0 

<0@30@8= ad libitum (@8A. 3.3 �). �>A;V465==O V=H8E =0C:>2FV2 B56 
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?V4B25@46CNBь, I> ��� 7=86Cє V=B5=A82=VABь A?>6820==O W6V 4>A;V4=8<8 

B20@8=0<8 [195, 203, 204].  

!0 @8A. 3.4 � B0 3.4 � 284=>, I> B20@8=8 A?>6820;8 <5=H5 107>2>3> 

:>@<C, :>;8 4> W6V 4>4020;8 <0@30@8=, =572060NG8 3 G8 >:@5<>, G8 =0 B;V ��$, G8 

70 �+�. $8A. 3.4 � B0 3.4 � V;NAB@CNBь, O:C :V;ь:VABь <0@30@8=C A?>6820;8 <8HV 

2?@>4>26 5:A?5@8<5=BC.  
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$8A. 3.4. �V;ь:VABь A?>68B>3> :>@<C A0<FO<8 (�) B0 A0<:0<8 (�) ?@>BO3>< 

5:A?5@8<5=BC. �V;ь:VABь A?>68B>3> <0@30@8=C A0<FO<8 (�) B0 A0<:0<8 (�) 

?@>BO3>< 5:A?5@8<5=BC. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 

45=ь. �0=V ?@54AB02;5=V O: M ± SEM. 
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� 3@0DV:V2 284=>, I> A0<FV B0 A0<:8, O:V :>65= 4@C389 45=ь 3>;>4C20;8 

A?>6820;8 <5=H5 <0@30@8=C, =V6 V=HV 3@C?8 (@8A. 3.4). "B65, 71V;ьH5==O 2038 

A0<FV2 ?VA;O �+� B0 A0<>: ?VA;O A?>6820==O <0@30@8=C ad libitum =5 ?>2’O70=> 7 

:V;ь:VABN A?>68B>W W6V, 0465 FV B20@8=8 W;8 7030;>< <5=H5, =V6 :>=B@>;ь=0 3@C?0 

(@8A. 3.3 �, �). �>;>2=8< G8=><, 71V;ьH5==O 2038 B20@8= 70;560;> 2V4 :V;ь:>ABV 

A?>68B8E <8H0<8 :0;>@V9. 

�7 @8A. 3.5 � 284=>, I> A0<FV, O:V A?>6820;8 <0@30@8= >:@5<> B0 7 

4>4020==O< ��$, >B@8<C20;8 1V;ьH5 :0;>@V9 7 W6V, =V6 :>=B@>;ь=V B20@8=8. *5 

?V4B25@46Cє @8A. 3.5 �, 45 @>7@0E>20=> A5@54=є A?>6820==O :0;>@V9 >4=VєN 

<8H5N 70 >48= 45=ь. %0<FV, O:V A?>6820;8 <0@30@8= ad libitum, B0 BV, O:V ?8;8 

��$, >B@8<C20;8 =0 18% B0 27% 1V;ьH5 :0;>@V9, =V6 :>=B@>;ь=0 3@C?0. !0 

?5@H89 ?>3;O4 A0<FV, O:V 3>;>4C20;8 G5@57 45=ь, A?>6820;8 <5=H5 :0;>@V9, ?@>B5 

7 @8A. 3.5 � 284=>, I> 7 :>6=8< B86=5< F59 ?>:07=8: ?>ABC?>2> 7@>AB02. &><C, 

A5@54=є 7=0G5==O :V;ь:>ABV A?>68B8E :0;>@V9 2 FVєW 3@C?8 B20@8= 1C;> =0 17% 

28I8<, =V6 C :>=B@>;ь=>W, ?@>B5 =0 8% =86G8<, =V6 C 3@C?8 B20@8=, O:0 ?8;0 

��$ (@8A. 3.5 �). $57C;ьB0B8 A?>6820==O :0;>@V9 C 3@C?V A0<FV2 70 C<>2 �+� 

2V4?>2V40NBь B5=45=FVW, O:C 284=> =0 3@0DV:C :V;ь:>ABV A?>68B>W W6V (@8A. 3.3 �). 

&0:>6 7 @8A. 3.1 � 284=>, I> C =8E ?>ABV9=> 7@>AB0;0 <0A0 BV;0 ?>@V2=O=> 4> 

:>=B@>;ь=>W 3@C?8. )>G0 FO 3@C?0 B20@8= >B@8<C20;0 <5=H5 :0;>@V9 2V4 

<0@30@8=C, 1> A?>6820;0 9>3> B56 <5=H5, =V6 V=HV 42V 3@C?8, O:V A?>6820;8 

<0@30@8= ?>ABV9=> (@8A. 3.6 �). #@>B5, ?@>BO3>< ?@>2545==O 5:A?5@8<5=BC, <8 

28O28;8, I> A0<FV 70 C<>2 �+� C BV 4=V, :>;8 >B@8<C20;8 :>@< B0 <0@30@8=, 

A?>6820;8 2 ?V2B>@0 @078 1V;ьH5 W6V, =V6 A0<FV, O:V >B@8<C20;8 <0@30@8= 

?>ABV9=>. "G5284=>, I> 2 C<>20E B@820;>3> ?5@5@82G0AB>3> 3>;>4C20==O <8HV 

?@03=C;8 :><?5=AC20B8 =5AB0GC 5=5@3VW, 0 A?>68BV :0;>@VW 28B@0G0;8AO 5:>=><=>, V 

715@V30;8AO 2 >@30=V7<V A0<FV2 C O:>ABV @575@2C. #>?5@54=V 4>A;V465==O B0:>6 

?>:070;8, I> �+� 7=86Cє 7030;ь=5 A?>6820==O W6V ?@>BO3>< 5:A?5@8<5=B0;ь=>3> 

?5@V>4C, =02VBь O:I> A?>6820==O W6V 2 4=V 3>4C20==O <>65 1CB8 28I8<, =V6 C 

2V4?>2V4=8E 3@C? ad libitum [27, 158, 205, 206]. 
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$8A. 3.5. �V;ь:VABь :0;>@V9, A?>68B8E A0<FO<8 (�) B0 A0<:0<8 (�) ?@>BO3>< 

5:A?5@8<5=BC. %5@54=O :V;ь:VABь :0;>@V9, A?>68B0 A0<FO<8 (�) B0 A<0:0<8 (�) 

?@>BO3>< 4=O, 1;0:8B=8< :>;ь>@>< ?>7=0G5=> :V;ь:VABь :0;>@V9 >B@8<0=8E 2V4 

:>@<C, A8=V< 3 2V4 <0@30@8=C. %5@54=O :V;ь:VABь A?>68B>W 2>48/��$ >4=VєN 

<8H59 70 >48= 45=ь (�). ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 

45=ь. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. 

**#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> A?>6820;0 <0@30@8= ad 

libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=6. 

 

&0:>6 є A2V4G5==O, I> :>;8 IC@8 A?>6820;8 <0@30@8= 157?5@5@2=> I>4=O, 

:V;ь:VABь A?>68B>W W6V =5 2V4@V7=O;0AO 2V4 :>=B@>;ь=8E 7=0G5=ь. �;5 :>;8 4>A;V4=V 

B20@8=8 A?>6820;8 <0@30@8= B@8GV =0 B8645=ь, A?>6820==O W6V 1C;> 28I8<, =V6 
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C :>=B@>;ь=V9 3@C?V [8].  8 ?@8?CA:0є<>, I> 2030 A0<FV2 C =0H><C 5:A?5@8<5=BV 

71V;ьH8;0AO G5@57 =0:>?8G5==O 70?0A=8E 68@V2, I> ?V4B25@46CNBь @57C;ьB0B8 

287=0G5==O &�� C ?5GV=FV. � >3;O4C =0 B5, I> B20@8=8 >B@8<C20;8 W6C =5 :>65= 

45=ь, WE <5B01>;V7< ?5@5<:=C2AO =0 B0:89 @568< @>1>B8, I>1 =0:>?8GC20B8 

?>682=V @5G>28=8 C O:>ABV @575@2C. 
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$8A. 3.6. �V;ь:VABь :0;>@V9 >B@8<0=8E A0<FO<8 (�) B0 A0<:0<8 (�) V7 68@C 

?@>BO3>< 5:A?5@8<5=BC. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 

45=ь. �0=V ?@54AB02;5=V O: M ± SEM. 

 

%0<:8 <8H59, O:8< 70AB>A>2C20;8 4>A;V4=5 E0@GC20==O, <0;8 ?>4V1=C 

48=0<V:C A?>6820==O :0;>@V9, O: V :>=B@>;ь=0 3@C?0 (@8A. 3.5 �). #@>B5, O: 1C;> 

?>:070=> =0 @8A. 3.3 �, B20@8=8, 4> E0@GC20==O O:8E 4>4020;8 <0@30@8=, 

A?>6820;8 <5=H5 W6V, =V6 :>=B@>;ь=V (7>:@5<0, 107>2>3> :>@<C) (@8A. 3.3 �). 

&><C, =5AB0GC :0;>@V9 2V4 :>@<C 2>=8 :><?5=AC20;8 :0;>@VO<8, >B@8<0=8<8 7 

<0@30@8=C (@8A 3.5 �). � A5@54=ь><C A0<:8, O:V W;8 <0@30@8= ad libitum :>6=>3> 

4=O, >B@8<C20;8 B0:C 6 :V;ь:VABь :0;>@V9 O: V :>=B@>;ь=0 3@C?0, 0 =0 4VєBV �+� 3 

=0 9% B0 12% <5=H5, =V6 :>=B@>;ь=0 3@C?0 B0 3@C?0, I> A?>6820;0 ;8H5 

<0@30@8=, 2V4?>2V4=> (@8A 3.5 �). *5 ?V4B25@46Cє @8A. 3.6 �, 45 4>1@5 284=>, I> 
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<8HV =0 �+� >B@8<C20;8 <5=H5 :0;>@V9 2V4 68@C, =V6 3@C?8 B20@8=, I> 

A?>6820;8 ;8H5 <0@30@8= B0 <0@30@8= 7 ��$.  

)>G0 A0<:8, O:8< 4>4020;8 <0@30@8=, A?>6820;8 2 A5@54=ь><C <5=H5 W6V, 

=V6 2V4?>2V4=V 3@C?8 A0<FV2 (@8A. 3.3 �, �), 2>=8 <0965 =5 2V4@V7=O;8Aь 2V4 

:>=B@>;ь=>W 3@C?8 70 A?>6820==O< :0;>@V9 (@8A. 3.5 �). *5 A2V4G8Bь ?@> B5, I> 

7030;ь=0 :V;ь:VABь A?>68B8E :0;>@V9 =5 є :;NG>28< D0:B>@>< C 71V;ьH5==V <0A8 

BV;0 C A0<>:, >A:V;ь:8 A0<FV >B@8<C20;8 1V;ьH5 :0;>@V9, 0;5 =5 45<>=AB@C20;8 

71V;ьH5==O <0A8 BV;0 ?VA;O A?>6820==O <0@30@8=C ad libitum, B0 <0@30@8=C 7 ��$ 

(@8A. 3.1 �). �>4=>G0A A;V4 707=0G8B8, I> A0<:8 A?>6820;8 1V;ьH5 :0;>@V9 7 68@V2 

(<0@30@8=C), =V6 2V4?>2V4=0 3@C?0 A0<FV2 (@8A. 3.6 �, �).  >6=0 ?@8?CAB8B8, I> 

A:;04 <0@30@8=C B0 9>3> 1V;ьH5 A?>6820==O <>65 A?@8OB8 71V;ьH5==N <0A8 BV;0 

C A0<>:.  

�030;><, >B@8<0=V @57C;ьB0B8 ?> A?>6820==N :0;>@V9 4>A;V4=8<8 

<8H0<8, 70 C<>2 4>4020==O <0@30@8=C 4> W6V, C73>46CNBьAO 7 ;VB5@0BC@=8<8 

40=8<8. !5I>402=V 4>A;V465==O AB25@46CNBь, I> A0<FV ;V=VW C57BL/6J 

>B@8<C20;8 1V;ьH5 :0;>@V9 ?@8 A?>6820==V ���, O:0 <VAB8;0 A<0;5Fь [190, 207]. 

%?>6820==O 2>48 3@C?0<8 B20@8=, O:8< 4> W6V 4>4020;8 <0@30@8=, 1C;> 

=86G8< 01> <0;> B5=45=FVN 4> 7=865==O (@8A. 3.5 �). ' A0<FV2 4>AB>2V@=0 

@V7=8FO 1C;0 28O2;5=0 ;8H5 ?VA;O A?>6820;8 ��$. �>=8 ?8;8 =0 19% <5=H5 

@V48=8, =V6 :>=B@>;ь=0 3@C?0. %0<:8, O:V A?>6820;8 <0@30@8= ?>ABV9=>, ?8;8 =0 

28% <5=H5 2>48, =V6 BV, O:V A?>6820;8 ;8H5 107>289 :>@<. �>4020==O ��$ B56 

28:;8:0;> <5=H5 A?>6820==O 2>48 C A0<>: =0 42% ?>@V2=O=> 4> 2V4?>2V4=>W 

:>=B@>;ь=>W 3@C?8.  

' ��$, O:89 1C2 28:>@8AB0=89 C Fь><C 4>A;V465==V, 1C;> 287=0G5=> 

7030;ь=C 0=B8>:A840=B=C 0:B82=VABь, :>=F5=B@0FVN 7030;ь=8E D5=>;V2 B0 

D;02>=>W4V2. $57C;ьB0B8 =02545=V C B01;. 3.2. *V ?0@0<5B@8 1C;8 287=0G5=V V=H>N 

=0C:>2>N :><0=4>N :0D54@8 1V>EV<VW B0 1V>B5E=>;>3VW, ?@>B5 I5 =5 >?C1;V:>20=V. 

' B01;. 3.3 =02545=> :V;ь:VABь D5=>;ь=8E @5G>28=, O:V >B@8<C20;8 <8HV 

>1>E AB0B59 I>45==> ?VA;O A?>6820==O ��$. �@0E>2CNG8, I> A0<:8 ?8;8 <5=H5 

2V420@C, 2>=8 >B@8<C20;8 <5=H5 D5=>;ь=8E @5G>28=, =V6 A0<FV. 
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&01;8FO 3.2. 

�030;ь=0 0=B8>:A840=B=0 0:B82=VABь (���), 7030;ь=0 :V;ь:VABь D5=>;V2 B0 

D;02>=>W4V2, O:V 2E>4OBь 4> A:;04C 2V420@C @><0H:8 

#>:07=8: �>4=89 5:AB@0:B %CE0 @5G>28=0 

��� 2,26±0,031 <:<>;ь 5:2. 

Trolox/<; 

- 

�030;ь=V 

D5=>;8 

0,643±0,029 <3 5:2. 30;>2>W 

:8A;>B8/<; 

19,94±0,90 <3 5:2. 30;>2>W 

:8A;>B8/3 

(;02>=>W48 0,541±0,031 <3 5:2. 

:25@F5B8=C/<; 

16,78±0,98 <3 5:2. :25@F5B8=C/3 

�0=V ?@54AB02;5=V O:   ± SEM, n=4-5. 

 

&01;8FO 3.3. 

%5@54=O :V;ь:VABь 7030;ь=8E D5=>;V2, O:C >B@8<C20;0 >4=0 <8H0 7 2V420@C 

@><0H:8 I>4=O (<3/<8HC) B0 A5@54=O :V;ь:VABь F8E @5G>28= ?5@5@0E>20=0 =0 <0AC 

B20@8=8 (<3/3 <0A8). 

#>:07=8: %0<FV %0<:8 

�030;ь=V D5=>;8: 

<3/<8HC 

<3/:3 <0A8 BV;0 

 

3,14±0,14 

157±7 

 

2,28±0,10 

133±6 

�0=V ?@54AB02;5=V O:   ± SEM. 

 

->4> ?0@0<5B@C A?>6820==O 2>48 B20@8=0<8, 4C<:8 =0C:>2FV2 

@>7E>4OBьAO. �>:@5<0, >4=V 4>A;V4=8:8 AB25@46CNBь, I> ?@8 A?>6820==V ��� 

<8HV ?’NBь 1V;ьH5 2>48 [208], 0 V=HV 3 =02?0:8 :06CBь, I> A?>6820==O 2>48 

7=86CєBьAO [183, 209].  8 22060є<>, I> A?>6820==O <0@30@8=C 28:;8:0;> 

?V428I5==O @V2=O <5B01>;VG=>W 2>48 2 >@30=V7<V B20@8=.  5B01>;VG=0 2>40 

CB2>@NєBьAO 2 @57C;ьB0BV >:8A;5==O ?@>4C:BV2, O:V =04E>4OBь 7 W65N. �V4><>, I> 

?@8 28A>:V9 2>;>3>ABV ?>2VB@O (66%) 70 >:8A;5==O ;V?V4V2 2 >@30=V7<V CB2>@NєBьAO 

1V;ьH5 <5B01>;VG=>W 2>48 [210]. !0H 5:A?5@8<5=B ?@>E>482 70 2>;>3>ABV 50-60%, 
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B><C 2V@>3V4=>, I> @V25=ь <5B01>;VG=>W 2>48, >B@8<0=>W 7 68@C, ?V428I82AO, 2 

@57C;ьB0BV G>3> 2 <8H59 7<5=H8;0Aь DV7V>;>3VG=0 ?>B@510 C ?8B=V9 2>4V. 

�V4><>, I> A?>6820==O ��� =5 702648 AC?@>2>46CєBьAO @>728B:>< 

2848<>3> >68@V==O. �>:@5<0, O:I> C 28A>:>:0;>@V9=><C @0FV>=V =5 28AB0G0є 

1V;:C 01> ?52=8E 0<V=>:8A;>B, >68@V==O C <8H59 <>65 =5 @>72820B8AO, 0;5 

A?>AB5@V30B8AO ?>@CH5==O <5B01>;V7<C [183, 211]. ' =0H><C 4>A;V465==V <8HV, 

O:8< 4>4020;8 <0@30@8=, A?>6820;8 <5=H5 >A=>2=>W W6V, 0 >B65, V <5=HC 

:V;ь:VABь 1V;:C. *8< <>6=0 ?>OA=8B8 2V4ACB=VABь 7=0G=>3> 71V;ьH5==O <0A8 BV;0 

4>A;V4=8E B20@8=. #@>B5, =02VBь 157 2848<8E >7=0: >68@V==O, ��� <>65 

28:;8:0B8 <5B01>;VG=V ?>@CH5==O [183]. 
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$"���� 4. �#��� )�$+'��!!/ � �"����!!/   �$��$�!', 
�����$' $" �,�� &� #�$�"��+!"�" �"�"�'��!!/ !� 

����"*�&�$!' ("$ '�' �$"�� &�  �$��$� ��#���!!/ 

 
4.1. �?;82 <0@30@8=-2<VA=>W W6V @07>< 7 2V420@>< @><0H:8 B0 

3>;>4C20==O< G5@57 45=ь =0 ;59:>F8B0@=C D>@<C;C :@>2V 4>A;V4=8E B20@8= 

 
#V4@0EC=>: 7030;ь=>W :V;ь:>ABV ;59:>F8BV2, 0 B0:>6 287=0G5==O 

;59:>F8B0@=>W D>@<C;8, є >4=8<8 7 206;828E ?>:07=8:V2 :;V=VG=>W 4V03=>AB8:8 

:@>2V. ' A0<FV2 <8H59, O:8E 3>4C20;8 G5@57 45=ь, ;59:>F8BV2 1C;> =0 47 % 

1V;ьH5, ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 (@8A. 4.1 �). ' =>@<V :V;ь:VABь ;59:>F8BV2 

C :@>2V 2-3 <VAOG=8E A0<FV2 ;V=VW C57BL/6J 2 A5@54=ь><C 2,2 ± 0,9 *103/<<3 [212], 

I> 2V4?>2V40є >B@8<0=8< =0<8 @57C;ьB0B0<. �V4><>, I> :V;ь:VABь ;59:>F8BV2 C 

:@>2V 7@>AB0є C 2V4?>2V4ь =0 3>AB@5 70?0;5==O, 0 B0:>6 ?@8 >68@V==V [213]. /: 

284=> V7 4>A;V465==O Pini et al. 2011, A0<FV, O:8E ?@>BO3>< B@ь>E <VAOFV2 3>4C20;8 

W65N 7 2<VAB>< 68@C 60%, <0;8 1V;ьH5 ;V<D>F8BV2, 0 B0:>6 1V;ьHC <0AC BV;0, =V6 

2V4?>2V4=0 :>=B@>;ь=0 3@C?0 [213]. ' =0H><C 28?04:C ?@8 A?>6820==V <0@30@8=C 

ad libitum :V;ь:VABь ;59:>F8BV2 4>AB>2V@=> =5 2V4@V7=O;0AO 2V4 :>=B@>;N. 

�>4020==O 4> W6V 7 <0@30@8=>< ��$ 7=0G=> =5 2?;8=C;> =0 :V;ь:VABь ;59:>F8BV2 C 

:@>2V, O: A0<FV2, B0: V A0<>:.  8 ?><VB8;8, I> ;59:>F8B>7 28=8: C A0<FV2, O:V 

A?>6820;8 W6C G5@57 45=ь (@8A. 4.1 �).  8 ?@8?CA:0є<>, I> C A0<FV2 <8H59 ?VA;O 

�+� <>3;> 28=8:=CB8 70?0;5==O G5@57 =04<V@=5 A?>6820==O <0@30@8=C 2 4=V, 

:>;8 2>=8 <0;8 4>ABC? 4> W6V. 

!59B@>DV;8 3 F5 :;VB8=8 :@>2V, O:V ?5@H8<8 @503CNBь =0 70?0;5==O, I> 

28=8:0є 2 >@30=V7<V. *V :;VB8=8 ?>4V;ONBь =0 =57@V;V D>@<8, ?0;8G:>O45@=V 

(<0NBь =5A53<5=B>20=5 O4@>), O:V 2V4=>A=> @V4:> 7CAB@VG0NBьAO 2 :@>2>>1V3C, B0 

7@V;V =59B@>DV;8, A53<5=B>O45@=V (<0NBь A53<5=B>20=5 O4@>), O:8E C :@>2V 1V;ьH5 

[214]. �<VAB ?0;8G:>O45@=8E =59B@>DV;V2 C :@>2V 4>A;V4=8E B20@8= 7>1@065=> =0 

@8A. 4.1 �. ' A0<FV2 <8H59 4>AB>2V@=8E 2V4<V==>AB59 Fь>3> ?>:07=8:0 =5 

A?>AB5@V30;8. #@>B5 C B8E B20@8=, O:V A?>6820;8 <0@30@8= ad libitum, 1C;0 
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?><VB=0 B5=45=FVO 4> 1V;ьH>W :V;ь:>ABV F8E =59B@>DV;V2, 0 ?@8 4>4020==V ��$ B0 

�+� 3 4> <5=H>W. 
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$8A. 4.1. �030;ь=0 :V;ь:VABь ;59:>F8BV2 (�), :V;ь:VABь ?0;8G:>O45@=8E 

=59B@>DV;V2 (�), A53<5=B>O45@=8E =59B@>DV;V2 (�), <>=>F8BV2 (�) B0 ;V<D>F8BV2 

(�) C <07:C :@>2V 4>A;V4=8E <8H59. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 

3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 

3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> A?>6820;0 

<0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=4-6. 

 

�<VAB ?0;8G:>O45@=8E =59B@>DV;V2 C :>=B@>;ь=8E A0<>: 4C65 20@VN202 C 

<560E 3@C?8, B><C V 7C<>282 =0O2=VABь 25;8:>W ?>E81:8. #@8 A?>6820==V 

<0@30@8=C ad libitum @V25=ь F8E :;VB8= 1C2 C =8E =0 80% =86G8< ?>@V2=O=> 4> 

2V4?>2V4=>W :>=B@>;ь=>W 3@C?8. #VA;O 4>4020==O ��$ B0 70AB>AC20==O �+� 2<VAB 

?0;8G:>O45@=8E =59B@>DV;V2 C :@>2V A0<>: <02 B5=45=FVN 4> 71V;ьH5==O 
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?>@V2=O=> 4> 3@C?8, O:0 A?>6820;0 <0@30@8= 157?5@5@2=>. &5=45=FVO, O:C <8 

A?>AB5@V30;8 C A0<FV2 <8H59 ?VA;O 4>4020==O 4> @0FV>=C ��$, ?>4V1=0 4> 

@57C;ьB0BV2 >B@8<0=8E =0 A0<FOE IC@V2. &0: A0<> O: V 2 =0H><C 4>A;V465==V, 

IC@V, O:V A?>6820;8 ��� 7 4>4020==O< @><0H:8 <0;8 <5=H5 =57@V;8E 

=59B@>DV;V2, =V6 BV B20@8=8, I> A?>6820;8 ;8H5 ��� [215].  

"B@8<0=V =0<8 @57C;ьB0B8 =0 @568<V �+� B0:>6 2V4?>2V40NBь 

;VB5@0BC@=8< 40=8<. ' 4>A;V465==V 5D5:BC ?5@V>48G=>3> 3>;>4C20==O =0 <8H59 

>1>E AB0B59 1C;> 28O2;5=>, I> 70AB>AC20==O B0:>3> @568<C E0@GC20==O ?@>BO3>< 

<VAOFO =5 2?;8=C;> =0 :V;ь:VABь ?0;8G:>O45@=8E =59B@>DV;V2 C :@>2V B20@8=, E>G0 

A?>AB5@V30;0Aь 2V4<V==VABь <V6 AB0BO<8 [158]. *5 <>65 A2V4G8B8 ?@> 2V4ACB=VABь 

70?0;ь=8E ?@>F5AV2 ?@8 A?>6820==V <0@30@8=C. #@>B5, =59B@>DV;8 740B=V 

<V3@C20B8 157?>A5@54=ь> 4> <VAFO 70?0;5==O, V 265 B0< 28:;8:0B8 V<C==C 

2V4?>2V4ь, I> ?@872>48Bь 4> 282V;ь=5==O �(� C <VAFV 70?0;5==O [216, 217]. #VA;O 

<V3@0FVW 4> B:0=8=-<VH5=59 FV :;VB8=8 74V9A=NNBь D03>F8B>7 B0 282V;ь=ONBь 

2<VAB A2>WE 3@0=C; C <VAF5 70?0;5==O. #VA;O G>3> 2 FV9 4V;O=FV @>7?>G8=0єBьAO 

0:B82=5 CB2>@5==O �(� B0 F8B>:V=V2. "AB0==V є <0@:5@0<8 70?0;5==O B0 

70;CG0NBь V=HV ;59:>F8B8 4> C@065=>W 7>=8 [214]. &><C є 9<>2V@=VABь, I> 

=59B@>DV;8 2 =0H><C 28?04:C B@0=A;>:C20;8AO 4> B:0=8=, 2 O:8E ?>G0;>AO 

70?0;5==O. 

!0 @8A. 4.1 � =02545=> @V25=ь A53<5=B>O45@=8E =59B@>DV;V2 C B20@8=, I> 

?@>BO3>< G>B8@ь>E <VAOFV2 A?>6820;8 W6C 7 4>4020==O< <0@30@8=C, ��$ B0 �+�. 

' :@>2V :>=B@>;ь=8E A0<FV2 1C;> 2 A5@54=ь><C 10,6 ± 1,0% A53<5=B>O45@=8E 

=59B@>DV;V2, I> 2V4?>2V40є ;VB5@0BC@=8< 40=8< [212]. �=0G5==O 35<0B>;>3VG=8E 

?>:07=8:V2 =02VBь C 74>@>28E B20@8= <>6CBь A8;ь=> 20@VN20B8. !0?@8:;04, C 

4>A;V465==V Santos et al. (2016) :V;ь:VABь A53<5=B>O45@=8E =59B@>DV;V2 C A0<FV2 

:>;820;0Aь 2V4 8 4> 20% 2 <560E >4=VєW 3@C?8 [212]. %0<FV, O:V A?>6820;8 

<0@30@8= ad libitum, <0;8 =0 31% 1V;ьH5 F8E :;VB8=, =V6 :>=B@>;ь=0 3@C?0. #VA;O 

4>4020==O ��$ :V;ь:VABь A53<5=B>O45@=8E =59B@>DV;V2 C =8E 1C;0 <5=H>N, =V6 

?VA;O A?>6820==O >4=>3> <0@30@8=C, ?@>B5 4>AB>2V@=8E 2V4<V==>AB59 =5 

A?>AB5@V30;>AO. #VA;O 70AB>AC20==O �+� :V;ь:VABь =59B@>DV;V2 C :@>2V A0<FV2 1C;0 
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=0 29% <5=H>N, =V6 C 3@C?8 <8H59, I> A?>6820;0 <0@30@8= ?>ABV9=>. %0<:8, O:V 

A?>6820;8 <0@30@8= >:@5<>, @07>< 7 ��$, 01> �+� <0;8 <5=H5 F8E =59B@>DV;V2, 

=V6 2 :@>2V :>=B@>;ь=>W 3@C?8, =0 47%, 44% B0 46% 2V4?>2V4=>. �V;ь:VABь 

A53<5=B>O45@=8E =59B@>DV;V2 <>65 71V;ьHC20B8AO C 2V4?>2V4ь =0 V=B5=A82=89 

AB@5A 01> =04<V@=C DV78G=C 0:B82=VABь [158, 218]. &><C, <>6=0 7@>18B8 28A=>2>:, 

I> 4>23>B@820;5 A?>6820==O W6V 7 2<VAB>< <0@30@8=C 1C;> AB@5A>28< D0:B>@>< 

4;O A0<FV2, 0;5 =5 4;O A0<>:.  

&0:C A0<C B5=45=FVN <8 A?>AB5@V30;8 C :V;ь:>ABV ?0;8G:>O45@=8E 

=59B@>DV;V2 (@8A. 4.1 �). "B65, C A0<FV2, O:V A?>6820;8 <0@30@8= ?>ABV9=>, 4V9A=> 

28=8: AB@5A B0 70?0;5==O, 0 ?0;8G:>O45@=V :;VB8=8 ?@>AB> <V3@C20;8 2 68@>2C 

B:0=8=C 3 F5=B@ 70?0;5==O.  

' :@>2V A0<FV2, O:8< 4> E0@GC20==O 4>4020;8 ��$, <8 ?><VB8;8 B5=45=FVN 

4> 7<5=H5==O :V;ь:>ABV A53<5=B>O45@=8E =59B@>DV;V2 ?>@V2=O=> 7 3@C?>N, O:0 

A?>6820;0 ;8H5 <0@30@8= (@8A. 4.1 �). *5 C73>46CєBьAO 7 ?>?5@54=V< 

4>A;V465==O< ;59:>F8B0@=>W D>@<C;8 :@>2V IC@V2, O:V A?>6820;8 ��� 7 

4>4020==O< ACE8E :2VBV2 @><0H:8 [215]. #>?5@54=є 4>A;V465==O :@>2V A0<>: 

<8H59 =0 @568<V �+� AB25@46Cє, I> 2<VAB F8E =59B@>DV;V2 ?@8 ?5@V>48G=><C 

3>;>4C20==V 7@>AB0є [158]. #@>B5, C =0H><C 28?04:C ?VA;O �+� :V;ь:VABь 

A53<5=B>O45@=8E =59B@>DV;V2 A0<FV2 1C;0 C <560E :>=B@>;ь=8E 7=0G5=ь, 0 C A0<>: 

7=0G=> =86G0 (@8A. 4.1 �). *5 <>6=0 ?>OA=8B8 B8<, I> C 4>A;V465==V Sorochynska 

et al. (2019) <8HV ?5@51C20;8 =0 5:A?5@8<5=B0;ь=V9 4VєBV ;8H5 >48= <VAOFь [158]. 

&><C, :V;ь:VABь A53<5=B>O45@=8E =59B@>DV;V2 7@>A;0 C 2V4?>2V4ь =0 AB@5A, O:89 

1C2 7C<>2;5=89 2V4ACB=VABN W6V ?@>BO3>< ?52=8E 4=V2. ' =0H><C 4>A;V465==V 

B20@8=8 ?5@51C20;8 =0 FV9 4VєBV 7=0G=> 4>2H5 3 G>B8@8 <VAOFV.  8 22060є<>, I> 

70 F59 ?5@V>4 G0AC <8HV 040?BC20;8AO 4> ?5@V>48G=>W =5AB0GV W6V, B><C F5 265 =5 

1C;> 4;O =8E AB@5A>28< D0:B>@><, V =5 ?@8725;> 4> 71V;ьH5==O :V;ь:>ABV 

=59B@>DV;V2.  

�<VAB <>=>F8BV2 C :>=B@>;ь=8E 3@C? 1C2 28I8<, =V6 C 4>A;V465==V Santos 

et al. (2016) [212], ?@>B5 2V4?>2V402 7=0G5==O<, @0=VH5 >B@8<0=8< C =0HV9 

;01>@0B>@VW [158]. $57C;ьB0B8 287=0G5==O :V;ь:>ABV <>=>F8BV2 =02545=> =0 @8A. 4.1 
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�. %?>6820==O <0@30@8=C ad libitum =5 2?;8=C;> =0 :V;ь:VABь F8E :;VB8=, 0=V 2 

:@>2V A0<>:, 0=V 2 A0<FV2, I> 2V4?>2V40є ?>?5@54=ь><C 4>A;V465==N 2?;82C ��� 

[213]. ' :@>2V A0<FV2, O:V A?>6820;8 ��$, :V;ь:VABь <>=>F8BV2 1C;0 C 420 @078 

1V;ьH>N ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 B0 3@C?8, I> A?>6820;0 ;8H5 <0@30@8= 

ad libitum. ' A0<>:, O:V ?5@51C20;8 =0 �+�, <>=>F8BV2 1C;> C 420 @078 1V;ьH5, =V6 

?@8 ?>ABV9=><C 26820==V <0@30@8=C. �V4ACB=VABь 4>AB>2V@=>W 7<V=8 :V;ь:>ABV 

<>=>F8BV2 C A0<FV2 ?VA;O �+� 2V4?>2V40є ;VB5@0BC@=8< 40=8< [158]. #@>B5 C 

A0<>: =0 Fь><C @568<V E0@GC20==O :V;ь:VABь <>=>F8BV2 1C;0 28I>N 2V4 

:>=B@>;ь=8E, E>G0 4>AB>2V@=8E 2V4<V==>AB59 <8 =5 A?>AB5@V30;8, I> AC?5@5G8Bь 

@57C;ьB0B0< Sorochynska et al. (2019) [158]. &@820;VABь 68BBO F8@:C;NNG8E 

<>=>F8BV2 C :@>2V <8H59 3 1;87ь:> >4=>3> 4=O. �0;V 2>=8 <>6CBь <V3@C20B8 4> 

B:0=8=, 45 ?5@5B2>@NNBьAO =0 <0:@>D038, O:V 740B=V D03>F8BC20B8 ?>H:>465=V 

:;VB8=8, 01> ?>B5=FV9=> =5157?5G=V <V:@>>@30=V7<8 [219].  >6;82>, C A0<FV2 

?VA;O ��$ B0 C A0<>: ?VA;O �+� 71V;ьH8;0Aь :V;ь:VABь <>=>F8BV2 C 2V4?>2V4ь =0 

70?0;5==O. 

�030;><, :V;ь:VABь ;V<D>F8BV2 C :>=B@>;ь=8E 3@C? 1C;0 B@>E8 =86G>N 2V4 

;VB5@0BC@=8E 40=8E [212]. �<VAB ;V<D>F8BV2 C :@>2V 4>A;V4=8E A0<FV2 1C2 C <560E 

:>=B@>;ь=8E 7=0G5=ь, 0 C A0<>:, O:V A?>6820;8 <0@30@8= ad libitum, 1C2 1V;ьH8< 

=0 18% ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 (@8A. 4.1 �). !0HV @57C;ьB0B8 

2V4?>2V40NBь ?>?5@54=V< 4>A;V465==O<. �>:@5<0, <8HV, O:8E ?@>BO3>< 13 B86=V2 

3>4C20;8 ���, =5 ?>:070;8 7<V=8 :V;ь:>ABV ;V<D>F8BV2 [213]. �>4020==O 4> ��� 

ACE8E ACF2VBь @><0H:8 B56 =5 2?;8=C;> =0 2<VAB F8E :;VB8= C :@>2V IC@V2 [215]. 

"B@8<0=V 40=V =0 @568<V �+� B56 2V4?>2V40NBь ?>?5@54=V< [158]. 

�7 >B@8<0=8E @57C;ьB0BV2 ?V4@0EC=:C :V;ь:>ABV ;59:>F8BV2, 0 B0:>6 

287=0G5==O ;59:>F8B0@=>W D>@<C;8 :@>2V, <>6=0 7@>18B8 28A=>2>:, I> C A0<FV2, 

O:V A?>6820;8 <0@30@8= ?>ABV9=>, 28=8:;8 70?0;ь=V ?@>F5A8. !0 F5 2:07Cє 

71V;ьH5==O :V;ь:>ABV A53<5=B>O45@=8E =59B@>DV;V2, V B5=45=FVO 4> 71V;ьH5==O 

?0;8G:>O45@=8E :;VB8= B0 7030;ь=>W :V;ь:>ABV ;59:>F8BV2. �1V;ьH5==O :V;ь:>ABV 

;59:>F8BV2 C A0<FV2 =0 @568<V E0@GC20==O �+� <>65 A2V4G8B8 ?@> =0O2=VABь 
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N=8E D>@< :;VB8=, 0465 :V;ь:VABь V=H8E 284V2 ;59:>F8BV2 C FVєW 3@C?8 1C;0 2 

<560E :>=B@>;ь=8E 7=0G5=ь. 

 

4.2.  0@:5@8 70?0;5==O C ?;07<V :@>2V B0 2 68@>2V9 B:0=8=V 4>A;V4=8E 
B20@8= 

 
/: 2V4><>, 71V;ьH5==O :V;ь:>ABV ;59:>F8BV2 <>65 28=8:0B8 C 2V4?>2V4ь =0 

@>728B>: 70?0;ь=8E ?@>F5AV2. ->1 ?V4B25@48B8 =0HV ?@8?CI5==O, 1C;> 287=0G5=> 

45:V;ь:0 <0@:5@V2 70?0;5==O C ?;07<V :@>2V B0 68@>2V9 B:0=8=V B20@8=. 

 Vє;>?5@>:A84070 ( #") 3 D5@<5=B, O:89 2E>48Bь 4> A:;04C 3@0=C; 

=57@V;8E (?0;8G:>O45@=8E) =59B@>DV;V2 [214]. #@>BO3>< 70?0;5==O F59 D5@<5=B 

740B=89 35=5@C20B8 �(� B0 >:8A;N20B8 �#�� [180]. "B65, WW 0:B82=VABь <0;0 1 

:>@5;N20B8 V7 :V;ь:VABN =59B@>DV;V2 :@>2V. $57C;ьB0B8 287=0G5==O  #" C ?;07<V 

:@>2V 5:A?5@8<5=B0;ь=8E B20@8= =02545=> =0 @8A. 4.2 �.  

' A0<FV2 @V7=8E 4>A;V4=8E 3@C? 0:B82=VABь D5@<5=BC =5 7<V=8;0AO, C A0<>: 

B0:>6, >:@V< @568<C �+�. ' A0<>:, O:V A?>6820;8 W6C G5@57 45=ь, 0:B82=VABь 

D5@<5=BC 1C;0 =86G>N =0 67% ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 B0 3@C?8, O:0 

A?>6820;0 <0@30@8= ?>ABV9=>. "B@8<0=V @57C;ьB0B8 2V4?>2V40NBь 2V4ACB=>ABV 7<V= 

:V;ь:>ABV ?0;8G:>O45@=8E =09B@>DV;V2 C :@>2V 4>A;V4=8E <8H59 (@8A. 4.1 �). 

�>4=>G0A, FV 40=V AC?5@5G0Bь >4=><C 7 ?>?5@54=VE 4>A;V465=ь, 2 O:><C ?0FVє=B8, 

I> A?>6820;8 W6C 7 28A>:8< 2<VAB>< 68@C, <0;8 28I89 @V25=ь  #" 2 :@>2V, =V6 

:>=B@>;ь=0 3@C?0 [220]. #@>B5 F59 5:A?5@8<5=B 1C2 >4=>@07>289, >B@8<0=V 40=V 

1C;8 287=0G5=V G5@57 G>B8@8 3>48=8 ?VA;O ?@89><C 28A>:>:0;>@V9=>3> :>:B59;N, 

O:89 <VAB82 1 3/:3 <0A8 BV;0 68@C, 0,5 3/:3 <0A8 BV;0 2C3;52>4V2. �>A;V465==O 

2?;82C C;ьB@0>1@>1;5=8E E0@G>28E ?@>4C:BV2 =0 ?0FVє=BV2, I> <0;8 O: <V=V<C< 

B@8 >7=0:8  %, =5 ?>:070;> 4>AB>2V@=>3> 71V;ьH5==O 0:B82=>ABV  #" [221]. 

#@>B5 0:B82=VABь Fь>3> D5@<5=BC 1C;0 28I0 C ?0FVє=BV2, O:V A?>6820;8 1V;ьH5 

>1@>1;5=8E ?@>4C:BV2. &0:>6 5:A?5@8<5=B =0 A0<FOE IC@V2, O:V A?>6820;8 

=5=0A8G5=V ��, ?V4B25@46Cє 7@>AB0==O 0:B82=>ABV  #" 2 ?;07<V [222].  
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�V4><>, I> =0 @0==V9 AB04VW >68@V==O =59B@>DV;8 V=DV;ьB@CNBьAO C 68@>2C 

B:0=8=C, 45 284V;ONBь 70?0;ь=V F8B>:V=8, I> 28:;8:0є 70;CG5==O <0:@>D03V2 C 

4V;O=:C 70?0;5==O. &0:>6 C 68@>2V9 B:0=8=V =59B@>DV;8 5:A?@5ACNBь  #", O:0 

15@5 CG0ABь 2 V=VFV0FVW 70?0;ь=>W 2V4?>2V4V [223].  
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$8A. 4.2. �:B82=VABь <Vє;>?5@>:A84078,  #" (�) B0 ?0@0>:A>=078, #"! (�) 

C ?;07<V :@>2V 4>A;V4=8E B20@8=. $V25=ь V=B5@;59:V=C-1³ (��-1³) C ?;07<V :@>2V (�) 

B0 68@>2V9 B:0=8=V (�) <8H59 @V7=8E 5:A?5@8<5=B0;ь=8E 3@C?. ��$ 3 2>4=89 

2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 

2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± 

SEM, n=3-6. 
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 8 22060є<>, I> C B20@8= 2 =0H><C 5:A?5@8<5=BV I5 =5 28=8:;> 

>68@V==O, ?@>B5 265 7’O28;8AO ?5@HV >7=0:8 70?0;5==O. *5 <>65 ?>OA=8B8 

2V4ACB=VABь 7<V=8 0:B82=>ABV 2  #" ?;07<8 :@>2V 4>A;V4=8E B20@8=.  

�:B82=VABь  #" BVA=> ?>2’O70=0 7 0:B82=VABN ?0@0>:A>=078 (#"!). 

"AB0==O є 0=B8>:A840=B=8< D5@<5=B><, O:89 70?>1V30є >:8A;5==N ;V?>?@>B5W4V2 

B0 740B=89 7=5H:>46C20B8 �(�. *59 D5@<5=B <>65 D>@<C20B8 :><?;5:A @07>< 7 

 #" B0 �#��, 2 O:><C 74V9A=NєBьAO 270є<=5 V=381C20==O D5@<5=BV2. #@8 

=0O2=>ABV 70?0;5==O B0 "% :>=F5=B@0FVO #"! 7=86CєBьAO [180]. �?;82 

4>A;V4=>3> E0@GC20==O =0 0:B82=VABь Fь>3> D5@<5=BC =02545=> =0 @8A. 4.2 �. ' 

?;07<V :@>2V A0<FV2 5:A?5@8<5=B0;ь=8E B20@8= 0:B82=VABь #"! 1C;0 B@>E8 

=86G>N 2V4 :>=B@>;ь=>W 3@C?8, ?@>B5 4>AB>2V@=>W @V7=8FV =5 1C;> 28O2;5=>. 

�:B82=VABь #"! C 3@C?V B20@8=, O:V ?>ABV9=> A?>6820;8 <0@30@8=, 2V4?>2V40є 

4>A;V465==N =5=0A8G5=8E �� =0 A0<FOE IC@V2 [222]. %?>6820==O W6V, 71030G5=>W 

A>є2>N >;VєN (=5=0A8G5=V ��), 28:;8:0;> 7<5=H5==O 0:B82=>ABV #"! C ?;07<V 

:@>2V IC@V2 [222]. ' A0<>: <8H59 WW 0:B82=VABь 1C;0 =86G>N ?VA;O A?>6820==O 

<0@30@8=C >:@5<>, @07>< 7 ��$, 01> �+� =0 25%, 29% , 01> 30% 2V4?>2V4=>, 

?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8. "B65, <>6=0 AB25@46C20B8 ?@> =0O2=VABь "% C 

B20@8=, 0;5 =5 70?0;5==O. 

->1 ?5@5:>=0B8AO, G8 ?VA;O A?>6820==O <0@30@8=-2<VA=>W W6V C B20@8= 

28=8:;> 70?0;5==O, 1C;> 287=0G5=> @V25=ь ?@>70?0;ь=>3> F8B>:V=C ��-1³ C ?;07<V 

:@>2V (@8A. 4.2 �). /: 28O28;>AO, C <8H59 >1>E AB0B59 4>AB>2V@=8E 7<V= @V2=O ��-

1³ =5 1C;>. )>G0 C A0<FV2 A?>AB5@V30;0Aь B5=45=FVO 4> 7@>AB0==O @V2=O Fь>3> 

F8B>:V=C ?VA;O 26820==O ��$ B0 �+�, 0 C A0<>: 4>4020==O <0@30@8=C 4> 

E0@GC20==O 28:;8:0;> B5=45=FVN 4> 7=865==O Fь>3> ?>:07=8:0. $57C;ьB0B8, 

>B@8<0=V ?@8 A?>6820==V <0@30@8=C ad libitum, 2V4?>2V40NBь 40=8<, O:V >B@8<0=V 

?@>BO3>< 4>A;V465==O C;ьB@0>1@>1;5=>W W6V =0 ?0FVє=B0E 7  % [221]. ' 

?V44>A;V4=8E, O:V A?>6820;8 1V;ьH5 >1@>1;5=>W W6V, =5 A?>AB5@V30;8 7<V= ��-1³ C 

?;07<V :@>2V [221]. �V4><>, I> 70AB>AC20==O 0?V35=V=C, >4=>3> V7 >A=>2=8E 

D;02>=>W4V2 @><0H:8, <0є ?@>B870?0;ь=V 2;0AB82>ABV. ' IC@V2 7 V=4C:>20=8< 

70?0;5==O< ;V:C20==O 0?V35=V=>< 7=878;> 2<VAB ��-1³ C A8@>20BFV :@>2V [224]. ' 
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=0H><C 4>A;V465==V A0<FV =02?0:8 <0;8 ?V428I5=89 @V25=ь Fь>3> F8B>:V=C ?@8 

A?>6820==V ��$, 0 C A0<>: 7<V= =5 A?>AB5@V30;8. 

� >3;O4C =0 B5, I> 2 ?;07<V :@>2V =5 1C;> 28O2;5=> 4>AB>2V@=>3> 

71V;ьH5==O :V;ь:>ABV ��-1³, 1C;> 287=0G5=> 2<VAB Fь>3> V=B5@;59:V=C 2 68@>2V9 

B:0=8=V. �465 A0<5 2 =V9 28@>1;ONBьAO F8B>:V=8 C 2V4?>2V4ь =0 70?0;5==O [46]. 

�<V=8 2<VABC ��-1³ C 68@>2V9 B:0=8=V 4>A;V4=8E B20@8= ?@54AB02;5=89 =0 @8A. 4.2 

�. ' A0<FV2, O:V A?>6820;8 <0@30@8= ad libitum, A?>AB5@V30;8 B5=45=FVN 4> 

71V;ьH5==O Fь>3> ?>:07=8:0 ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8. #>4V1=89 5D5:B 1C2 

28O2;5=89 V C ?>:07=8:0E 7<V=8 :V;ь:>ABV ;59:>F8BV2 B0 =59B@>DV;V2 C :@>2V A0<FV2 

?VA;O A?>6820==O <0@30@8=C (@8A.4.1 �-�). *5 ?V4B25@46Cє B>9 D0:B, I> 

?0;8G:>O45@=V =59B@>DV;8 V7 :@>2V ?5@59H;8 4> 68@>2>W B:0=8=8.  

�C;> 2V47=0G5=>, I> ?@8 70AB>AC20==V @07>< 7 <0@30@8=>< ��$ B0 �+�, 

@V25=ь Fь>3> V=B5@;59:V=C 2 68@>2V9 B:0=8=V A0<FV2 1C2 =0 @V2=V :>=B@>;ь=8E 

7=0G5=ь. %?>6820==O <0@30@8=C G5@57 45=ь 7=878;> @V25=ь ��-1³ C A0<FV2 <8H59 

=0 34% ?>@V2=O=> 4> B20@8=, O:V A?>6820;8 9>3> ?>ABV9=>. ' A0<>: ;8H5 =0 

@568<V �+� 2<VAB Fь>3> V=B5@;59:V=C 1C2 =0 45% =86G8< ?>@V2=O=> 4> 

:>=B@>;ь=>W 3@C?8.  

/: <>6=0 ?>10G8B8 7 F8E @57C;ьB0BV2, ;8H5 C A0<FV2, O:V A?>6820;8 

<0@30@8= ad libitum, 7’O2;ONBьAO A;01:V >7=0:8 @>728B:C 70?0;ь=8E ?@>F5AV2 C 

68@>2V9 B:0=8=V. #@>B5 >B@8<0=V 40=V AC?5@5G0Bь 4>A;V465==N =0 <8H0E 

C57BL/6, O:8E ?@>BO3>< B@ь>E <VAOFV2 3>4C20;8 W65N 7 28A>:8< 2<VAB>< 68@C 

[225]. ' F8E B20@8= @V25=ь ��-1³ 1C2 7=0G=> 28I8<, 0 B0:>6 WE=O <0A0 1C;0 

1V;ьH>N, =V6 C :>=B@>;ь=8E B20@8= [225]. ' =0H><C 28?04:C ;8H5 A0<FV ?VA;O 

�+� B0 A0<:8 ?VA;O A?>6820==O <0@30@8=C ad libitum <0;8 28I89 ?@8@VAB <0A8 

(@8A. 3.1 �). �<>2V@=>, F5 7C<>2;5=> A:;04>< W6V, O:C 28:>@8AB>2C20;8 4;O 

5:A?5@8<5=BC. �;O @0FV>=C E0@GC20==O, I> <VAB82 60% 68@C, McGillicuddy et al. 

(2011) 28:>@8AB>2C20;8 265 3>B>289 :><5@FV9=89 :>@<. ' =0H><C 6 28?04:C 

:>@< B0 <0@30@8= 4020;8 >:@5<> [225]. 

"B65, 7 >3;O4C =0 @57C;ьB0B8, O:V <8 >13>2>@N20;8 C Fь><C B0 

?>?5@54=ь><C ?V4@>74V;0E, C 4>A;V4=8E <8H59 1C;8 28O2;5=V A;01:V ?@>O28 
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70?0;ь=8E ?@>F5AV2, >A>1;82> C A0<FV2, I> A?>6820;8 <0@30@8= ad libitum B0 ?@8 

?5@V>48G=><C 3>;>4C20==V. 
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$"���� 5. �#��� ��� �  �$��$�!"  &� �"����!!/  
�����$' $" �,��, ��" ��%&"%'��!!/  #�$�"��+!"�" 

�"�"�'��!!/ !� %�%&� ' �!&�"�%���!&!"�" ��)�%&' 

 �,�� 

 
5.1.  0@:5@8 >:A840B82=>3> AB@5AC 2 @V7=8E >@30=0E <8H59, O:V 

A?>6820;8 <0@30@8=-2<VA=C W6C >:@5<>, 7 4>4020==O< 2V420@C @><0H:8 G8 

70AB>AC20==O< ?5@V>48G=>3> 3>;>4C20==O 

 
/: 284=> 7 ?>?5@54=ь>3> $>74V;C 4, 0:B82=VABь #"! C ?;07<V :@>2V 

4>A;V4=8E B20@8= 1C;0 =86G>N 2V4 :>=B@>;ь=8E 3@C?, I> <>65 A2V4G8B8 ?@> 

=0O2=VABь "%. &><C 1C;> 28@VH5=> 287=0G8B8 2<VAB #� C @V7=8E >@30=0E <8H59, 

I>1 ?V4B25@48B8 ?>?5@54=V ?@8?CI5==O I>4> 70?0;5==O B0 "%.  

!04E>4OG8 7 W65N, �� <>6CBь 2?;820B8 =0 GCB;82VABь :;VB8= 4> "%, G5@57 

7<V=8 C A:;04V �� :;VB8==8E <5<1@0=. �C;> 28O2;5=>, I> D>AD>;V?V48 2 

1V>;>3VG=8E <5<1@0=0E, O:V <VABOBь B@0=A-68@=V :8A;>B8, 740B=V ?@8BO3C20B8 

E>;5AB5@>;. *5 O28I5, 9<>2V@=>, 7<V=Nє AB@C:BC@C :;VB8==>W <5<1@0=8 [226]. 

�>;8 B@0=A-68@=V :8A;>B8 21C4>2CNBьAO 2 :;VB8==V <5<1@0=8, ?@>=8:=VABь 

>AB0==VE 7=86CєBьAO, V :;VB8=8 =5 DC=:FV>=CNBь =0;56=8< G8=><. *5 ?@872>48Bь 

4> CB2>@5==O �(�, O:V 2<8:0NBь ?@>F5A ?5@>:8A=>3> >:8A;5==O ;V?V4V2. "B65, 

2<VAB #� 1C45 28I8< C B20@8=, O:8< 4> W6V 4>4020;8 B@0=A-68@=V :8A;>B8 [227].  

$V25=ь #� C @V7=8E >@30=0E 4>A;V4=8E B20@8= 7>1@065=> =0 @8A. 5.1. $8A. 

5.1 � V;NAB@Cє 7<V=8 ?>:07=8:0 2 ?5GV=FV <8H59. ' A0<FV2, O:V A?>6820;8 

<0@30@8= ?>ABV9=> B0 @07>< 7 ��$, 2<VAB #� 1C2 =86G8<, =V6 C :>=B@>;ь=>W 

3@C?8, =0 55% B0 49% 2V4?>2V4=>. �>;>4C20==O 7=0G=> =5 2?;8=C;0 =0 2<VAB #� C 

?5GV=FV A0<FV2. $57C;ьB0B8, >B@8<0=V C ?5GV=FV A0<FV2, =5 2V4?>2V40NBь ?>?5@54=V< 

4>A;V465==O<. !0?@8:;04, 70 C<>2 A?>6820==O W6V 7 4>4020==O< A<0;ьFN B0 

D@C:B>78, @V25=ь #� C A0<FV2 <8H59 1C2 28I8<, =V6 C :>=B@>;ь=8E B20@8= [183]. 

�=H5 4>A;V465==O, 265 70 CG0ABN <0@30@8=C, ?>:070;> 7@>AB0==O <0@:5@V2 "% C 

?5GV=FV A0<FV2 [227]. ' AB0BBV Dhibi et al. (2011) 287=0G0;8 2<VAB <0;>=>2>3> 
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480;ь453V4C ( ��) B0 :>=’N3>20=>3> 4Vє=C, O: ?>:07=8:V2 ?5@>:8A=>3> >:8A;5==O 

;V?V4V2 [227]. 
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$8A. 5.1. $V25=ь ?5@>:A84V2 ;V?V4V2 (#�) C ?5GV=FV (�), =8@:0E (�), 68@>2V9 

B:0=8=V (�), A5@FV (�), B0 :>@V 3>;>2=>3> <>7:C (�) 4>A;V4=8E <8H59. ��$ 3 

2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 

2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± 

SEM, n=5-6. 

 

�=H5 4>A;V465==O =0 A0<FOE <8H59 ;V=VW BALB/c =5 ?V4B25@46Cє 

4>AB>2V@=>3> 71V;ьH5==O  �� 2 ?5GV=FV B20@8= 70 C<>2 A?>6820==O W6V 7 

4>4020==O< 30% <0@30@8=C B0 15% D@C:B>78 [228]. ' A0<>:, O:V ?>ABV9=> 

A?>6820;8 <0@30@8=, @V25=ь #� C ?5GV=FV 1C2 =0 67% 28I8< ?>@V2=O=> 7 
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:>=B@>;5<. �>4020==O 4> W6V 7 <0@30@8=>< ��$ 7=878;> @V25=ь Fь>3> ?>:07=8:0 C 

A0<>: =0 62% B0 77% ?>@V2=O=> 4> :>=B@>;N B0 3@C?8, O:0 A?>6820;0 <0@30@8= ad 

libitum, 2V4?>2V4=>. !0 4VєBV �+� @V25=ь #� B56 1C2 =86G8< C A0<>: =0 56% B0 

74% ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8 B0 3@C?8, I> ?>ABV9=> A?>6820;0 <0@30@8=. 

$57C;ьB0B8, >B@8<0=V ?VA;O A?>6820==O ��$, 2V4?>2V40NBь ;VB5@0BC@=8< 

40=8<. �>:@5<0, 4>A;V465==O ?5GV=:8 IC@V2, O:V A?>6820;8 W6C 7 28A>:8< 2<VAB>< 

68@C B0 4>4020==O< 2V420@C @><0H:8, ?>:070;> <5=H89 2<VAB  �� (<0@:5@0 "%) 

=V6 ?@8 A?>6820==V B0:>3> E0@GC20==O 157 2V420@C [22]. &0:89 A0<89 5D5:B 

?>:0702 A?8@B>289 5:AB@0:B @><0H:8 70AB>A>20=89 =0 IC@0E 7 >7=0:0<8 4V015BC 

[229]. $57C;ьB0B8, >B@8<0=V ?VA;O �+�, B56 2V4?>2V40NBь ?>?5@54=V< 

4>A;V465==O< [230]. � >3;O4C =0 >B@8<0=V 40=V I>4> 2<VABC #� 2 ?5GV=FV 

4>A;V4=8E B20@8= <>65<> AB25@46C20B8, I> ?5GV=:0 A0<>: 1V;ьH GCB;820 4> 

A?>6820==O W6V 7 <0@30@8=><, 0 70AB>AC20==O ��$ B0 �+� 740B=5 7=86C20B8 

@V25=ь "% C Fь><C >@30=V. 

�>4020==O <0@30@8=C 4> E0@GC20==O B0:>6 2?;8=C;> =0 @>728B>: "% C 

=8@:0E 5:A?5@8<5=B0;ь=8E B20@8=. !0 @8A. 5.1 � 7>1@065=> 7<V=C 2<VABC #� C F8E 

>@30=0E. ' =8@:0E A0<FV2, O:V A?>6820;8 <0@30@8= ?>ABV9=>, 1C;0 28O2;5=0 

B5=45=FVO 4> 71V;ьH5==O ?>:07=8:0 ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8. �<VAB #� 

1C2 =86G8< ?@8 A?>6820==V ��$ B0 �+� C <8H59, O:V A?>6820;8 <0@30@8= ad 

libitum. #@>B5 ;8H5 =0 @568<V �+� 1C;> 28O2;5=> 4>AB>2V@=C @V7=8FN. *59 

?>:07=8: 1C2 =0 58% =86G8<, =V6 ?@8 A?>6820==V <0@30@8=C ad libitum. ' =8@:0E 

A0<>:, I> A?>6820;8 ;8H5 <0@30@8=, @V25=ь #� 1C2 C B@8 @078 28I8< =V6 C 

:>=B@>;ь=>W 3@C?8.  

�>4020==O ��$ 4> <0@30@8=-2<VA=>W W6V ?@8725;> 4> 7=865==O Fь>3> 

?>:07=8:0 =0 34% ?>@V2=O=> 4> 3@C?8, O:0 A?>6820;0 <0@30@8= 157 ��$. #VA;O 

70AB>AC20==O �+� 2<VAB #� C A0<>: 1C2 =86G8< =0 69% ?>@V2=O=> 4> B20@8=, O:V 

A?>6820;8 ;8H5 <0@30@8=.  

"B@8<0=V @57C;ьB0B8 2 =8@:0E 4>A;V4=8E B20@8=, O:V A?>6820;8 <0@30@8= 

>:@5<>, ?V4B25@46CNBьAO ?>?5@54=V<8 4>A;V465==O<8, 2 O:8E 70AB>A>20=> W6C 7 

28A>:8< 2<VAB>< 68@C [22, 231, 232, 233]. �>:@5<0, =0C:>2FV >?8AC20;8 
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?V428I5==O 2<VABC  �� 2 =8@:0E IC@V2 ?VA;O A?>6820==O W6V 7 28A>:8< 2<VAB>< 

68@C [22]. �0 C<>2 A?>6820==O <8H0<8 W6V 7 28A>:8< 2<VAB>< ;V=>;52>W :8A;>B8 

(?>;V=5=0A8G5=>W ��), C =8@:0E 71V;ьHC202AO 2<VAB @50:B82=8E @5G>28= 

BV>10@1VBC@>2>W :8A;>B8 (TBARS), O:V CB2>@NNBьAO O: ?>1VG=89 ?@>4C:B 

?5@>:8A=>3> >:8A;5==O ;V?V4V2 [233]. �V4><>, I> ?@8 A?>6820==V W6V 7 28A>:8< 

2<VAB>< 68@C, <VB>E>=4@VW =8@>: <>6CBь 7<V=N20B8 A2>N 1C4>2C. � @57C;ьB0BV 

Fь>3> ?>@CHCєBьAO WE=O DC=:FVO, I> =040;V 2545 4> CB2>@5==O �(� B0 

=0:>?8G5==O 68@C [234].  8 22060є<>, I> <0@30@8= B56 <V3 <0B8 ?>4V1=89 2?;82 

=0 <VB>E>=4@VW <8H59, 0 B0:>6 <V3 ?@8725AB8 4> =0:>?8G5==O 70?0A=8E 68@V2 

=02:>;> =8@>:. Noeman et al. (2011) 22060NBь, I> =0:>?8G5==O 68@>2>W B:0=8=8 

=02:@C3 =8@>: 28:;8:0є WE ?>H:>465==O, @57C;ьB0B>< G>3> є 284V;5==O :;VB8=0<8 

�(�. !0C:>2FV B0:>6 AB25@46CNBь, I> ?V428I5=5 >:8A;5==O ;V?V4V2 C F8E 

>@30=0E ?>2'O70=5 7 48A10;0=A>< <V6 ;V?>35=57>< V ;V?>;V7><, I> ?@872>48Bь 4> 

=0:>?8G5==O ;V?V4V2 C =8@:0E [235].  

$57C;ьB0B8, >B@8<0=V ?@8 4>4020==V ��$ 4> E0@GC20==O, 2 A:;04V O:>3> 1C2 

<0@30@8=, B56 2V4?>2V40NBь ;VB5@0BC@=8< 40=8<. �>:@5<0, =0C:>2FV >?8AC20;8 

?V428I5==O 2<VABC  �� 2 =8@:0E IC@V2 ?VA;O A?>6820==O W6V 7 28A>:8< 2<VAB>< 

68@C, B0 9>3> 7=865==O ?@8 4>4020==V 5:AB@0:BC @><0H:8 [22]. �> A:;04C :2VBV2 

@><0H:8 2E>48Bь 0?V35=V=, I> <0є ?>BC6=V 0=B8>:A840=B=V 2;0AB82>ABV. �C;> 

?>:070=>, I> 0?V35=V= ?V428ICє 0:B82=VABь 0=B8>:A840=B=8E D5@<5=BV2 V 7=86Cє 

@V25=ь  �� 2 =8@:0E IC@V2, ?>H:>465=8E =0=>G0AB8=:0<8 01> 35=B0<VF8=>< 

[236].  

�>;>4C20==O :>65= 4@C389 45=ь B0:>6 >GV:C20=> 7=878;> :V;ь:VABь #� C 

4>A;V4=8E <8H59. #>4V1=V @57C;ьB0B8 A?>AB5@V30;8 =0 <8H0E [170] B0 IC@0E 

[237], O:8< 70AB>A>2C20;8 �". &0:V 7<V=8 =0C:>2FV ?>OA=NNBь 0:B820FVєN 

A8AB5<8 0=B8>:A840=B=>3> 70E8ABC ?@8 >1<565=><C A?>6820==V :0;>@V9 [238]. 

"B@8<0=V =0<8 @57C;ьB0B8 A2V4G0Bь ?@> @>728B>: "% C =8@:0E <8H59 >1>E AB0B59 

?@8 A?>6820==V <0@30@8=C ad libitum. &0:>6 <8 28O28;8, I> =8@:8 A0<>:, O: V 

?5GV=:0, A8;ь=VH5 @503CNBь =0 ?>ABV9=5 A?>6820==O <0@30@8=C. #@>B5 4>4020==O 
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��$, 01> A?>6820==O W6V G5@57 45=ь, 45<>=AB@Cє ?@>B5:B>@=89 5D5:B C =8@:0E 

A0<>: <8H59, B0 <0є ?>78B82=C ?@>B5:B>@=C B5=45=FVN C A0<FV2. 

$V25=ь #� C 68@>2V9 B:0=8=V 5:A?5@8<5=B0;ь=8E B20@8= 7>1@065=89 =0 

@8A. 5.1 �. ' A0<FV2 2<VAB #� 1C2 =0 65% 28I8< ?VA;O A?>6820==O <0@30@8=C ad 

libitum, =V6 C :>=B@>;ь=>W 3@C?8. �>4020==O ��$ B0 70AB>AC20==O �+� B56 

71V;ьH8;> 2<VAB #� C FV9 B:0=8=V =0 36% B0 50% ?>@V2=O=> 4> :>=B@>;N. ' 

68@>2V9 B:0=8=V A0<>: 4>AB>2V@=8E 2V4<V==>AB59 =5 A?>AB5@V30;8. !0H5 

4>A;V465==O ?>:070;>, I> A?>6820==O <0@30@8=C ad libitum ?@872>48Bь 4> 

?V428I5==O @V2=O #� C 68@>2V9 B:0=8=V A0<FV2, 0;5 =5 C A0<>:. *5 C73>46CєBьAO 7 

@57C;ьB0B0<8 4>A;V465==O =0 A0<FOE <8H59, O:V <0;8 28A>:V @V2=V TBARS C 

68@>2V9 B:0=8=V ?VA;O A?>6820==O W6V 7 28A>:8< 2<VAB>< 68@V2 [239]. !0C:>2FV 

?@8?CA:0NBь, I> "% C 68@>2V9 B:0=8=V є @0==V< V=VFV0B>@><  % V <>65 

A?@8G8=8B8 ?>@CH5==O @53C;OFVW ?@>4C:FVW 048?>F8B>:V=V2 (2:;NG=> 7 

?@>70?0;ь=8<8 F8B>:V=0<8) [240]. �V;0 68@>20 B:0=8=0 22060єBьAO >A=>2=8< 

465@5;>< ?@>70?0;ь=8E <54V0B>@V2, I> 70?CA:0NBь @>728B>: E@>=VG=>3> 

70?0;5==O, 0B5@>A:;5@>7C B0 V=AC;V=>@578AB5=B=>ABV [239]. &><C, @V25=ь #� C 

68@>2V9 B:0=8=V <>65 1CB8 BVA=> ?>2'O70=89 V7 @V2=5< ��-1³. "B@8<0=V =0<8 

@57C;ьB0B8 2<VABC #� C FV9 B:0=8=V <0NBь B0:V A0<V B5=45=FVW, O: V =0 3@0DV:C 

287=0G5==O ��-1³ (@8A. 4.2 �). ' B0:89 A?>AV1 B5=45=FVO 4> ?V428I5==O @V2=O 

?@>70?0;ь=>3> ��-1³ <>65 A?@8OB8 @0==ь><C @>728B:C "% B0 70?0;5==O 2 68@>2V9 

B:0=8=V A0<FV2 <8H59. #@>4C:FVO �(� 2 68@>2V9 B:0=8=V <>65 4>AO30B8AO 

7024O:8 0:B820FVW !��(!->:A84078, D5@<5=BC, O:89 :0B0;V7Cє CB2>@5==O 

AC?5@>:A84=>3> 0=V>=C 7 :8A=N, V 15@5 CG0ABь 2 @54>:A-A83=0;V70FVW, I> 

?@872>48Bь 4> 3V?5@B5=7VW, 0=3V>35=57C, 0B5@>A:;5@>7C, 0:B820FVW 5=4>B5;VN, 

5=4>B5;V0;ь=>W 48ADC=:FVW, 0 B0:>6 15@5 CG0ABь C @>728B:C AB50B>7C ?5GV=:8 V 

?>H:>465==OE =8@>: [22]. Sohet et al. (2009) A?>AB5@V30;8 7=865==O 2<VABC #� C 

?5GV=FV B0 68@>2V9 B:0=8=V <8H59 ;V=VW C57BL/6J ?VA;O A?>6820==O ���. !0C:>2FV 

?>OA=N20;8 F5 ?@8ACB=VABN 2VB0<V=C � C A:;04V E0@GC20==O, 0465 2V= є ?>BC6=8< 

0=B8>:A840=B>< [241]. *5 ?>OA=5==O <>6=0 70AB>AC20B8 V 2 =0H><C 28?04:C, 1> 

>4=8< V7 A:;04=8:V2 <0@30@8=C є A>=OH=8:>20 >;VO, O:0 <VAB8Bь 2VB0<V= �. 
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�<V=8 @V2=O #� C A5@FV 4>A;V4=8E B20@8= =02545=> =0 @8A. 5.1 �. #>ABV9=5 

A?>6820==O <0@30@8=-2<VA=>W W6V =5 28:;8:0;> 7<V= @V2=O #� C A5@FV <8H59 >1>E 

AB0B59, 0;5 C A0<>: ?>:070;> B5=45=FVN 4> 71V;ьH5==O. *5 ?V4B25@46Cє =5I>402=є 

4>A;V465==O, 2 O:><C @V25=ь TBARS =5 7<V=82AO 2 A5@FV A0<FV2 <8H59 ?@8 

A?>6820==V W6V 7 28A>:8< 2<VAB>< 68@C [242]. #@>B5 2 V=H><C 4>A;V465==V, 2 

O:><C 28:>@8AB>2C20;8 A<0;5Fь, 1C;> 28O2;5=> 71V;ьH5==O @V2=O  �� 2 A5@FV 

A0<FV2 <8H59 [243]. �V4<V==VABь V7 =0H8<8 @57C;ьB0B0<8 <>65 1CB8 ?>2’O70=0 7 

V=H8< B8?>< ��, O:V 1C;8 28:>@8AB0=V 2 =0H><C 5:A?5@8<5=BV. ' A:;04V A<0;ьFN 

?5@52060NBь =0A8G5=V ��. �V4><>, I> W60, 71030G5=0 =0A8G5=8<8 ��, <>65 

71V;ьHC20B8 V=B5=A82=VABь ?5@>:8A=>3> >:8A;5==O ;V?V4V2 C A5@FV [243, 244]. 

"4=0:, C 4>A;V4V, <8 28:>@8AB0;8 <0@30@8=, 2 O:><C ?5@52060NBь =5=0A8G5=V ��, 

I> <>65 1CB8 ?@8G8=>N 2V4ACB=>ABV 7<V= #� C A5@FV 5:A?5@8<5=B0;ь=8E B20@8=.  

%0<FV, O:V A?>6820;8 <0@30@8= 7 ��$, <0;8 28I89 2<VAB #�, ?>@V2=O=> 4> 

:>=B@>;ь=>W 3@C?8 B0 3@C?8, I> A?>6820;0 <0@30@8=, 2 ?’OBь B0 G>B8@8 @078 

2V4?>2V4=>. #VA;O 70AB>AC20==O �+� 2V4?>2V4=89 ?>:07=8: C A5@FV B20@8= B56 

?>:0702 ?>4V1=C B5=45=FVN. ' A0<FV2, O:8< 70AB>A>2C20;8 �+�, 2<VAB #� 1C2 

28I8< 2 G>B8@8 @078 2V4 :>=B@>;ь=>W 3@C?8 B0 2 B@8 @078 2V4 3@C?8, I> A?>6820;0 

<0@30@8= ?>ABV9=>. ' A5@FV A0<>:, 4>4020==O 4> W6V ��$ 28:;8:0;> 7=865==O 

Fь>3> ?>:07=8:0 =0 57% ?>@V2=O=> 4> 3@C?8, I> A?>6820;0 <0@30@8= ad libitum. 

�=H8E 4>AB>2V@=8E 7<V= C A5@FV A0<>: =5 A?>AB5@V30;8.  

#>78B82=89 2?;82 @><0H:8 ?@8 ?>H:>465==OE, O:V 28=8:0NBь C A5@FV, 

2V4><89 7 ;VB5@0BC@8. �>:@5<0 =5I>402=є 4>A;V465==O =0 A0<:0E <8H59 V7 

?CE;8=>N �@;VE0, 28O28;> ?>78B82=89 2?;82 @><0H:8 =0 1V>EV<VG=V B0 

V<C=>3VAB>;>3VG=V ?>:07=8:8 A5@FO [245]. &0:>6 2V4><89 ?>78B82=89 2?;82 

0?V35=V=C ?@>B8 @>728B:C 70?0;ь=8E ?@>F5AV2 C A5@FV IC@V2 [224]. "B@8<0=V 

@57C;ьB0B8 C A5@FV A0<>: ?V4B25@46CNBь ?@>B870?0;ь=V 5D5:B8 @><0H:8, ?@>B5 C 

A0<FV2 A?@>AB>2CNBь. �V4><>, I> ?5@V>48G=5 3>;>4C20==O <>65 7=86C20B8 @878: 

%%� C ;N459 G5@57 0:B820FVN A8AB5<8 0=B8>:A840=B=>3> 70E8ABC B0 7=865==O "% 

[246, 247]. &><C, @57C;ьB0B8, >B@8<0=V C A0<>:, 1C;8 >GV:C20=8<8. � A2>є<C 

>3;O4V Azevedo et al. (2013) >?8ACNBь ?>78B82=89 2?;82 ?5@V>48G=>3> 
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3>;>4C20==O 4;O A0<FV2. �>:@5<0, C IC@V2 2V41C;>AO 7<5=H5==O 3V?5@B@>DVW 

:0@4V><V>F8BV2 V >1;0ABV DV1@>7C, 7=865==O "%, ?>:@0I8;0Aь @>1>B0 A5@FO B0 

71V;ьH8;0Aь B@820;VABь 68BBO [248]. #@>B5 7<V=8, O:V <8 A?>AB5@V30;8 2 A5@FV 

A0<FV2 ?VA;O �+�, B0: A0<> O: V ?VA;O A?>6820==O ��$, 1C;8 ?@>B8;56=V 

;VB5@0BC@=8< 40=8<. "B@8<0=V @57C;ьB0B8 287=0G5==O #� C A5@FV (@8A. 5.1 �) B0 

68@>2V9 B:0=8=V (@8A. 5.1 �) @07>< V7 ?V428I5=8< 2<VAB>< ��-1³ C ?;07<V :@>2V 

(@8A. 4.2 �) A2V4G0Bь ?@> @>728B>: 70?0;ь=8E ?@>F5AV2 C A0<FV2, O:8< 4> W6V 

4>4020;8 ��$ B0 70AB>A>2C20;8 �+�. 

!0 @8A. 5.1 � 7>1@065=> @V25=ь #� C :>@V 3>;>2=>3> <>7:C 4>A;V4=8E 

B20@8=. ' A0<FV2, O:8< 4> W6V 4>4020;8 ;8H5 <0@30@8=, F59 ?>:07=8: 1C2 28I8< 

=0 51% ?>@V2=O=> 4> :>=B@>;N. #VA;O ��$ B0 �+� ?>:07=8: 1C2 C <560E 

:>=B@>;ь=8E 7=0G5=ь, B0 =86G8< C ?>@V2=O==V 7 3@C?>N, O:0 A?>6820;0 <0@30@8= 

ad libitum, =0 39% B0 44% 2V4?>2V4=>. ' :>@V 3>;>2=>3> <>7:C A0<>:, O:8< 

4>4020;8 ;8H5 <0@30@8= B0 70AB>A>2C20;8 �+�, @V25=ь #� 1C2 28I8<, =V6 2 

:>=B@>;ь=>W 3@C?8, =0 90% B0 71% 2V4?>2V4=>.  

$57C;ьB0B8, >B@8<0=V ?@8 A?>6820==V <8H0<8 <0@30@8=C ad libitum, 

2V4?>2V40NBь ?>?5@54=V< 4>A;V465==O< V7 70AB>AC20==O< &!�� [249] B0 W6V 7 

4>4020==O< A<0;ьFN V D@C:B>78 [250]. �V4><>, I> 4>23>B@820;5 A?>6820==O W6V 7 

28A>:8< 2<VAB>< 68@C 28:;8:0є V=AC;V=>@578AB5=B=VABь, O:0 <>65 V=4C:C20B8 

>:8A=>-2V4=>2=89 48A10;0=A, 7<V=8 2<VABC B0 0:B82=>ABV D5@<5=B0B82=8E V 

=5D5@<5=B0B82=8E 0=B8>:A840=BV2 <>7:C, B0 ?>A8;5=5 >:8A;N20;ь=5 

?>H:>465==O :>@8 3>;>2=>3> <>7:C B0 3V?>B0;0<CAC. #@8G8=>N Fь>3> є 

71V;ьH5==O 0:B82=>ABV �(�-35=5@CNG8E D5@<5=BV2 (!��(!->:A84078 B0 

:A0=B8=>:A84078) C F8E 2V44V;0E <>7:C ?VA;O A?>6820==O B0:>W W6V [251]. *V 

D5@<5=B8 B0:>6 <>6CBь AB8<C;N20B8 282V;ь=5==O MCP-1 (monocyte 

chemoattractant protein-1) C 048?>F8B0E. MCP-1 A?@8Oє B@0=AD>@<0FVW <>=>F8BV2 C 

<0:@>D038 B0 ?V4A8;Nє A5:@5FVN ?@>70?0;ь=8E F8B>:V=V2 [252]. � >3;O4C =0 B5, I> 

?@8 V=AC;V=>@578AB5=B=>ABV 2 3>;>2=><C <>7:C A?>AB5@V30NBь ?V428I5=C 

5:A?@5AVN ?@>70?0;ь=8E 035=BV2, <>6=0 AB25@46C20B8, I> !��(!->:A84070 B0 
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:A0=B8=>:A84070 є =5 ;8H5 465@5;>< �(�, 0 9 V=4C:CNBь 70?0;5==O C 

3V?>B0;0<CAV B0 :>@V 3>;>2=>3> <>7:C [251].  

�V4><>, I> ;V:C20==O 2V420@>< @><0H:8 70E8I0є 2V4 ?>@CH5==O 

>:8A;N20;ь=>-2V4=>2=>3> 10;0=AC <>7:C, H;OE>< ?@83=VG5==O 28@>1;5==O �(�, 

?>:@0I5==O A8AB5<8 0=B8>:A840=B=>3> 70E8ABC B0 7<5=H5==O @V2=O 70?0;5==O 2 

<>7:C [23]. ' =0H><C 4>A;V465==V 4>4020==O 4> E0@GC20==O <8H59 ��$ 

28:;8:0;> 7=865==O @V2=O <0@:5@V2 "% C :>@V 3>;>2=>3> <>7:C 

5:A?5@8<5=B0;ь=8E B20@8=, I> ?V4B25@46CNBь ?>?5@54=V 4>A;V465==O [23, 253]. 

%?>6820==O W6V G5@57 45=ь B0:>6 <>65 0:B82C20B8 0=B8>:A840=B=C A8AB5<C 2 

:>@V 3>;>2=>3> <>7:C [163], I> ?V4B25@46CNBь =0HV 40=V. "B65, <0@30@8= 

28:;8:0є ?>H:>465==O B0 70?0;5==O 2 :>@V 3>;>2=>3> <>7:C >1>E AB0B59 <8H59. 

%?>6820==O ��$ B0 �+� 7=86CNBь V=B5=A82=VABь "% C A0<FV2, 0;5 C A0<>: 

28:;8:0NBь ;8H5 B5=45=FVN 4> WW 7<5=H5==O. 

"B65, <8 28O28;8, I>, C <8H59 >1>E AB0B59, A?>6820==O <0@30@8=C 

28:;8:0;> @>728B>: "%. #@>B5 C A0<FV2 2V= @>728=C2AO C A5@FV, 68@>2V9 B:0=8=V 

B0 :>@V 3>;>2=>3> <>7:C, 0 C A0<>: 3 I5 9 2 ?5GV=FV B0 =8@:0E, 0;5 =5 2 68@>2V9 

B:0=8=V. &><C <8 7@>18;8 28A=>2>:, I> C A0<>: "% @>72820єBьAO V=B5=A82=VH5, 

=V6 C A0<FV2. #>78B82=89 5D5:B ��$ B0 �+� B0:>6 A?>AB5@V30;8 C A0<>: <8H59 3 

7>:@5<0 C ?5GV=FV, =8@:0E B0 A5@FV 2>=8 >1C<>28;8 =86G89 @V25=ь #�. ' A0<FV2 

4VO F8E 42>E E0@G>28E <>4C;OB>@V2 1C;0 AC?5@5G;82>N. � =8@:0E B0 :>@V 

3>;>2=>3> <>7:C ��$ B0 �+� 7=86C20;8 "%, ?@>B5 C 68@>2V9 B:0=8=V B0 A5@FV 3 

=02?0:8, ?V428IC20;8.  

 

5.2. �?;82 2V420@C @><0H:8 B0 3>;>4C20==O G5@57 45=ь =0 D>=V W6V 7 
4>4020==O< <0@30@8=C =0 0=B8>:A840=B=C A8AB5<C 70E8ABC <8H59 

 
5.2.1. �?;82 5:A?5@8<5=B0;ь=8E 284V2 E0@GC20==O =0 0=B8>:A840=B=C 

A8AB5<C ?5GV=:8  
 

�V4><>, I> ?V428I5=5 A?>6820==O B@0=A-68@=8E :8A;>B ?>2'O70=5 7V 

7=865==O< 5D5:B82=>ABV A8AB5<8 0=B8>:A840=B=>3> 70E8ABC V, 2V4?>2V4=>, 7 



105 
 

?V428I5==O< @V2=O "% 2 ?5GV=FV IC@V2 [227]. �?;82 F8E �� @50;V7CєBьAO G5@57 

?>A8;5==O 2=CB@VH=VE A83=0;ь=8E <5E0=V7<V2, I> ?@872>4OBь 4> E@>=VG=>3> 

?@>70?0;ь=>3> AB0=C. %?>6820==O W6V 7 28A>:8< 2<VAB>< B@0=A-68@=8E :8A;>B 

<>65 28:;8:0B8 4>23>B@820;V ?@>3@5ACNGV 7<V=8 0:B82=>AB59 0=B8>:A840=B=8E 

D5@<5=BV2 [227].  

� >3;O4C =0 B5, I> A?>6820==O <0@30@8=C 28:;8:0;> ?><VB=5 71V;ьH5==O 

@V2=O #� C ?5GV=FV A0<>:, 0;5 =5 C A0<FV2 (@8A. 5.1 �), 0 4>4020==O ��$ B0 

70AB>AC20==O �+� 7=0G=> 7=86C20;> 9>3> C @V7=8E >@30=0E A0<>:, 7>:@5<0 V 2 

?5GV=FV, 1C;> 206;82> ?5@52V@8B8, O: FO W60 2?;820є =0 D5@<5=B8, I> 15@CBь 

CG0ABь C 0=B8>:A840=B=><C 70E8ABV. /: @0=VH5 707=0G0;>AO, ��$ B0 ?5@V>48G=5 

3>;>4C20==O, 7>:@5<0 7024O:8 0:B820FVW =87:8 0=B8>:A840=B=8E D5@<5=BV2, 

<>6CBь 70157?5GC20B8 70E8AB >@30=V2 2V4 �(�. &><C, I>1 ?V4B25@48B8 =0O2=VABь 

Fь>3> ?@>B5:B>@=>3> <5E0=V7<C, <8 287=0G8;8 7<V=C 0:B82=>AB59 %"�, :0B0;078, 

�#, �S& B0 �6(�� C ?5GV=FV 5:A?5@8<5=B0;ь=8E B20@8=. 

%C?5@>:A8448A<CB070 (%"�) 3 D5@<5=B, O:89 :0B0;V7Cє @50:FVN 

?5@5B2>@5==O AC?5@>:A84=>3> 0=V>=-@048:0;C 4> H2O2. "AB0==V9 @>7I5?;NєBьAO 

:0B0;07>N 01> �#. �;NB0BV>=?5@>:A84070 B0:>6 <>65 7=86C20B8 @V25=ь #�. �>=0 

15@5 CG0ABь C @50:FVW >:8A;5==O 2V4=>2;5=>3> 3;NB0BV>=C ?@8 270є<>4VW 

>AB0==ь>3> 7 #� [68]. �<V=C 0:B82=>ABV %"� C ?5GV=FV <8H59 ?VA;O A?>6820==O 

4>A;V4=>W W6V 7>1@065=> =0 @8A. 5.2 �. /: C A0<FV2, B0: V C A0<>: <8H59, O:V 

A?>6820;8 <0@30@8= ad libitum, 0:B82=VABь Fь>3> D5@<5=BC 4>AB>2V@=> =5 

2V4@V7=O;0Aь 2V4 :>=B@>;ь=>W 3@C?8. #@>B5 C A0<FV2, O:V ?8;8 ��$ 01> G5@57 45=ь 

3>;>4C20;8, 0:B82=VABь %"� 1C;0 =0 32% 28I>N, =V6 ?@8 A?>6820==V A0<>3> 

<0@30@8=C. ' ?5GV=FV A0<>: @V7=8FN A?>AB5@V30;8 ;8H5 ?VA;O 70AB>AC20==O �+�. 

�:B82=VABь %"� =0 FV9 4VєBV 1C;0 28I>N =0 54% V 45% ?>@V2=O=> 4> :>=B@>;ь=>W 

3@C?8 B0 3@C?8, O:0 A?>6820;0 <0@30@8= ad libitum, 2V4?>2V4=> (@8A. 5.1 �).  

�:B82=VABь :0B0;078 C ?5GV=FV <8H59 =02545=> =0 @8A. 5.2 �. ' A0<FV2, O:V 

A?>6820;8 <0@30@8= ?>ABV9=>, B0 C B8E, :><C 4> W6V 4>4020;8 ��$, 0:B82=VABь 

Fь>3> D5@<5=BC 1C;0 2V4?>2V4=> =0 87% B0 C 420 @078 28I>N, =V6 C :>=B@>;ь=>W 

3@C?8. ' ?5GV=FV B20@8=, O:V ?5@51C20;8 =0 @568<V �+�, 0:B82=VABь :0B0;078 1C;0 



106 
 

=0 65% 28I>N, =V6 C :>=B@>;ь=>W 3@C?8. ' A0<>: 7<V=8 0:B82=>ABV Fь>3> 

D5@<5=BC =5 A?>AB5@V30;8. 
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$8A. 5.2. �:B82=VABь AC?5@>:A8448A<CB078, %"� (�), :0B0;078 (�), 

3;NB0BV>=?5@>:A84078, �# (�), 3;NB0BV>=-S-B@0=AD5@078, �S& (�) B0 3;N:>7>-6-

D>AD0B453V4@>35=078, �6(�� (�) C ?5GV=FV 4>A;V4=8E <8H59. ��$ 3 2>4=89 

2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 

2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± 

SEM, n=4-6. 

 

$8A. 5.2 � V;NAB@Cє 2?;82 <0@30@8=C, ��$ B0 �+� =0 0:B82=VABь �#. ' 

?5GV=FV A0<FV2 =5 A?>AB5@V30;8 7<V=8 0:B82=>ABV Fь>3> D5@<5=BC. #@>B5, C A0<>: 

?VA;O A?>6820==O <0@30@8=C ad libitum 0:B82=VABь �# 1C;0 =0 91% 28I>N, =V6 C 

:>=B@>;ь=>W 3@C?8. �:B82=VABь D5@<5=BC ?VA;O 4>4020==O ��$ 1C;0 =0 37% 
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=86G>N, =V6 ?VA;O A?>6820==O <0@30@8=C ad libitum. #VA;O �+� 0:B82=VABь �# 

1C;0 =0 86% 28I>N, =V6 C :>=B@>;ь=V9 3@C?V A0<>:. 

"B@8<0=V @57C;ьB0B8 AC?5@5G0Bь 4>A;V465==N Dhibi et al. (2011), 2 O:><C 

02B>@8 A?>AB5@V30;8 7=865==O 0:B82=>ABV %"�, :0B0;078 B0 �# C ?5GV=FV IC@V2 

?VA;O A?>6820==O <0@30@8=C [227]. #@>B5 C @>1>BV, O:0 >?C1;V:>20=0 2 FV9 AB0BBV, 

<0@30@8= 7<VHC20;8 @07>< V7 107>2>N W65N V 2V= AB0=>282 20% 2V4 WW A:;04C. ' 

=0H><C 6 28?04:C <0@30@8= 4020;8 >:@5<>. Dhibi et al. (2011) A?>AB5@V30;8 

?V428I5=89 2<VAB  �� C ?5GV=FV B20@8= =0 B;V 7=865==O 0:B82=>AB59 

0=B8>:A840=B=8E D5@<5=BV2, I> ?V4B25@46C20;> @>728B>: "% C ?5GV=FV [227].  

#V428I5=89 @V25=ь ?5@>:8A=>3> >:8A;5==O ;V?V4V2 ?@872>48Bь 4> 

V=0:B820FVW D5@<5=BV2 [235]. *5 28:;8:0є =0:>?8G5==O AC?5@>:A84C, H2O2 V 

3V4@>:A8;ь=8E @048:0;V2, O:V <>6CBь 4>40B:>2> AB8<C;N20B8 ?5@5:8A=5 

>:8A;5==O ;V?V4V2. *59 <5E0=V7< ?V4B25@46Cє 7=865==O 0:B82=>ABV :0B0;078, �# 

B0 %"� C IC@V2, I> A?>6820;8 :0D5B5@V9=C W6C [235].  

!0H 5:A?5@8<5=B ?>:0702 71V;ьH5==O @V2=O #� ;8H5 C A0<>: <8H59 (@8A. 

5.1 �). &><C, 7 >3;O4C =0 >B@8<0=V @57C;ьB0B8, <>65<> 7@>18B8 28A=>2>:, I> 

A?>6820==O <0@30@8=C =5 28:;8:0є "% C ?5GV=FV A0<FV2. #V428I5=0 0:B82=VABь 

:0B0;078 =0 B;V 2V4ACB=>ABV 7<V= @V2=O #� ?V4B25@46Cє, I> ?5GV=:0 7=5H:>48;0 

�(�. ' A0<>:, =02?0:8, V=B5=A8DV:C202AO "% C ?5GV=FV ?VA;O A?>6820==O 

<0@30@8=C ad libitum. *5 ?V4B25@46Cє 2V4ACB=VABь 7<V= 0:B82=>AB59 %"� B0 

:0B0;078 =0 D>=V 28A>:>3> @V2=O #�, 0 B0:>6 28A>:C 0:B82=VABь �#.  

�V4><>, I> @><0H:0 ;V:0@Aь:0 71V;ьHCє 0:B82=VABь %"�, :0B0;078 B0 �#, V 

7=86Cє @V25=ь <0@:5@V2 "% C ?5GV=FV [154]. #5@V>48G=5 3>;>4C20==O B56 0:B82Cє 

D5@<5=B8 0=B8>:A840=B=>3> 70E8ABC ?5GV=:8 IC@V2 [254]. ' A0<FV2 26820==O ��$ 

71V;ьH8;> 0:B82=VABь %"� V :0B0;078, 0;5 2 A0<>: =5 <0;> 2?;82C =0 0:B82=VABь 

F8E D5@<5=BV2.  8 22060є<>, I> 4>4020==O @><0H:8 4> W6V 7 <0@30@8=>< <>65 

1CB8 :>@8A=5 4;O ?5GV=:8 A0<>:, 0465 ?VA;O A?>6820==O <8H0<8 ��$ @V25=ь #�, 

0 B0:>6 0:B82=VABь %"�, :0B0;078 B0 �# 1C;8 C <560E :>=B@>;ь=8E 7=0G5=ь. 

#5@V>48G=5 3>;>4C20==O B56 ?>:070;> ?>78B82=89 2?;82 ?@8 70AB>AC20==V @07>< 

V7 <0@30@8=><. "B65, F59 @568< E0@GC20==O 71V;ьH82 0:B82=VABь %"� B0 :0B0;078 
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C A0<FV2. ' A0<>: 7@>A;0 0:B82=VABь %"� B0 �#, I> 28:;8:0;> 7=865==O @V2=O 

#�.  

-5 >48= 0=B8>:A840=B=89 D5@<5=B 3 �S&. �V= 15@5 CG0ABь C 7=5H:>465==V 

@V7=8E B>:A8G=8E ?@>4C:BV2, I> CB2>@NNBьAO ?VA;O 270є<>4VW 7 �(�. *59 

D5@<5=B :0B0;V7Cє @50:FVN 270є<>4VW CB2>@5=8E ?@>4C:BV2 V7 �S! [255]. ' B0:89 

A?>AV1 2V= <>65 7=5H:>46C20B8 #�.  

�<V=0 0:B82=>ABV �S& ?VA;O 4>4020==O 2 W6C <8H0< <0@30@8=C, ��$ B0 

�+� 7>1@065=0 =0 @8A. 5.2 �. %?>6820==O <0@30@8=C ad libitum =5 <0;> 2?;82C =0 

0:B82=VABь Fь>3> D5@<5=BC 2 ?5GV=FV A0<FV2. #@>B5, :>;8 B20@8=8 A?>6820;8 ��$, 

0:B82=VABь �S& 1C;0 =0 15% =86G>N, =V6 C :>=B@>;ь=8E A0<FV2, B0 =0 12%, =V6 C 

B8E, O:V A?>6820;8 ;8H5 <0@30@8=. #VA;O �+� 0:B82=VABь Fь>3> D5@<5=BC 2 

?5GV=FV A0<FV2 B56 1C;0 =0 23% =86G>N, =V6 C :>=B@>;ь=8E B20@8=.  

' ?5GV=FV A0<>:, O:V A?>6820;8 <0@30@8= ad libitum, 0:B82=VABь �S& 1C;0 

=0 30% 28I>N, =V6 C :>=B@>;ь=>W 3@C?8. �>4020==O ��$ 4> E0@GC20==O 7=878;> 

0:B82=VABь Fь>3> D5@<5=BC =0 32% ?>@V2=O=> 4> A0<>:, O:V A?>6820;8 <0@30@8= 

157 2V420@C. #VA;O ?5@V>48G=>3> 3>;>4C20==O 0:B82=VABь �S& C ?5GV=FV A0<>: 1C;0 

28I>N, =V6 C :>=B@>;ь=>W 3@C?8, V 3@C?8, O:0 A?>6820;0 <0@30@8= ad libitum, =0 

88% B0 44% 2V4?>2V4=>. "B@8<0=V @57C;ьB0B8 7<V=8 0:B82=>ABV �S& 2V4?>2V40NBь 

0:B82=>ABV �# (@8A. 5.2 �) C ?5GV=FV <8H59 >1>E AB0B59. *5 ?V4B25@46Cє B>9 D0:B, 

I> C A0<>: ?VA;O A?>6820==O <0@30@8=C @>72820єBьAO A8;ь=89 "%, 0 ��$ B0 �+� 

<>6CBь 70?>1V3B8 9>3> CB2>@5==N C ?5GV=FV.  

&0:>6 C ?5GV=FV B20@8= 1C;> 287=0G5=> 0:B82=VABь �6(�� (@8A. 5.2 �). *59 

D5@<5=B :0B0;V7Cє ?5@HC @50:FVN ?5=B>7>D>AD0B=>3> H;OEC (#(,) B0 

70157?5GCє CB2>@5==O !��(!. "AB0==V9 15@5 CG0ABь C 2V4=>2;5==V >:8A;5=>3> 

3;NB0BV>=C, O:89 CB2>@NєBьAO 2=0A;V4>: 45B>:A8:0FVW H2O2 �#. "B65, 70 =0O2=>ABV 

"%, 0:B82=VABь �6(�� 1C45 =86G>N [256]. ' ?5GV=FV A0<FV2 <8 =5 A?>AB5@V30;8 

7<V=8 0:B82=>ABV Fь>3> D5@<5=BC. � A0<>:, ?VA;O 70AB>AC20==O 

5:A?5@8<5=B0;ь=>3> E0@GC20==O, 0:B82=VABь �6(�� 1C;0 =86G>N, =V6 C 

:>=B@>;ь=>W 3@C?8. #VA;O A?>6820==O <0@30@8=C ad libitum 0:B82=VABь D5@<5=BC 

1C;0 =0 34% =86G>N, 0 ?VA;O ��$ B0 �+� 3 =0 27% B0 26% =86G>N, =V6 C 
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:>=B@>;ь=>W 3@C?8 A0<>:. !86G0 0:B82=VABь �6(�� =0 D>=V 28A>:>3> @V2=O #� 

(@8A. 5.1 �), 0 B0:>6 ?V428I5=>W 0:B82=>ABV �# B0 �S& (@8A. 5.2 �, �) ?V4B25@46Cє, 

I> C A0<>:, O:8< 4>4020;8 4> W6V <0@30@8= ad libitum, @>72820єBьAO "%. 

� >3;O4C =0 B5, I> �#, �S& B0 >?>A5@54:>20=> �6(�� 15@CBь CG0ABь C 

@50:FVOE >:8A;5==O/2V4=>2;5==O 3;NB0BV>=C, <8 287=0G8;8 2<VAB BV>;V2 C <8H59, 

O:V A?>6820;8 W6C 7 4>4020==O< <0@30@8=C, ��$ B0 �+�. &V>;8 3 F5 AV@:>2<VA=V 

A?>;C:8, O:V <0NBь 72'O70=V 7 2C3;5F5< AC;ьD3V4@8;ь=V 3@C?8. �>=8 <>6CBь 

>:8A;N20B8AO �(� 7 CB2>@5==O< AC;ьD5=>2>W :8A;>B8, C B0:89 A?>AV1 

70157?5GCNG8 45B>:A8:0FVN �(�. �;NB0BV>= є >4=8< V7 ?@54AB02=8:V2 

=87ь:><>;5:C;O@=8E BV>;V2. *5 F8AB5W=-2<VA=89 B@8?5?B84, O:89 є 

=09206;82VH8< 5=4>35==8< 0=B8>:A840=B>< [257].  

�<VAB BV>;V2 C ?5GV=FV 4>A;V4=8E <8H59 =02545=> 2 B01;. 5.1.  

 

&01;8FO 5.1. 

�<VAB 7030;ь=8E, =87ь:><>;5:C;O@=8E B0 28A>:><>;5:C;O@=8E BV>;V2 C 

?5GV=FV 4>A;V4=8E B20@8=. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O 

G5@57 45=ь. 

�@C?8 

B20@8= 

�030;ь=V BV>;8,  

<:<>;ь/3.A.<. 

!87ь:><>;5:C;O@=V 

BV>;8, <:<>;ь/3.A.<. 

�8A>:><>;5:C;O@=V 

BV>;8, <:<>;ь/3.A.<. 

A0<FV A0<:8 A0<FV A0<:8 A0<FV A0<:8 

�>=B@>;ь 8,98±0,44 8,69±0,33 3,67±0,22 5,66±0,67 5,33±0,33 3,97±0,73 

 0@30@8= 8,23±0,44 9,46±0,65 3,16±0,62 5,64±0,62 5,01±0,26 3,78±0,09 

 0@30@8=+

��$ 
10,3±0,5** 9,96±0,56 3,64±0,55 5,92±0,91 5,90±0,36 5,05±0,62 

 0@30@8=+

�+� 
8,84±0,25 9,44±0,39 

2,35±0,31
* 

5,10±0,92 6,49±0,23 4,34±0,80 

�0=V ?@54AB02;5=V O:   ± SEM, n=6. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> 

A?>6820;0 <0@30@8= ad libitum, Df0,05.  

 



110 
 

$V25=ь 7030;ь=8E BV>;V2 1C2 C <560E :>=B@>;ь=8E 7=0G5=ь. �8H5 C A0<FV2, 

O:V A?>6820;8 ��$, 2V= 1C2 =0 26% 28I89, =V6 ?VA;O A?>6820==O W6V 7 

<0@30@8=>< 157 2V420@C (B01;.5.1). �<VAB =87ь:><>;5:C;O@=8E BV>;V2 C A0<FV2 

?VA;O �+� 1C2 =0 35% =86G8<, =V6 C :>=B@>;ь=>W 3@C?8. ' A0<>: 7<V= 2 <560E 

3@C? =5 A?>AB5@V30;8. $V25=ь 28A>:><>;5:C;O@=8E BV>;V2 B56 4>AB>2V@=> =5 

7<V=N202AO 2 <560E 3@C? B20@8= >4=VєW AB0BV. 

' A0<FV2, O:V ?5@V>48G=> 3>;>4C20;8, 7=8782AO @V25=ь =87ь:><>;5:C;O@=8E 

BV>;V2, 7>:@5<0 �S!. "AB0==V9, @07>< V7 �S&, 70157?5GCє 45B>:A8:0FVN H:V4;828E 

A?>;C:, O:V CB2>@NNBьAO 2 @57C;ьB0BV 4VW �(�. /: 1C;> 28O2;5=> @0=VH5, C ?5GV=FV 

A0<FV2 =0 4VєBV �+� 0:B82=VABь Fь>3> D5@<5=BC B56 1C;0 =86G>N (@8A. 5.2 �), 

?@>B5 0:B82=VABь :0B0;078 7@>A;0 (@8A. 5.2 �). *5 <>65 A2V4G8B8 ?@> B5, I> 2 

?5GV=FV A0<FV2 28=8: =04;8H>: ?5@>:A84C 2>4=N, O:89 <V3 70V=381C20B8 4VN �S&.  

"B65, >B@8<0=V @57C;ьB0B8 A2V4G0Bь ?@> B5, I> A0<:8 <8H59 1V;ьH GCB;82V 

4> @>728B:C 70?0;5==O B0 "% =0 B;V A?>6820==O <0@30@8=C. !5I>402=є 

4>A;V465==O AB25@46Cє, I> 70 C<>2 5AB@>?0C78 @V25=ь �(� C 68@>2V9 B:0=8=V 

A0<>: 7=86CєBьAO, 0;5 2>4=>G0A 7@>AB0є C ?5GV=FV [258]. ' =0H><C 28?04:C, A0<:8 

?>:070;8 7=0G=> 28I89 @V25=ь #� C ?5GV=FV ?VA;O A?>6820==O <0@30@8=C ad 

libitum =V6 :>=B@>;ь=V B20@8=8 (@8A. 5.1 �), =572060NG8 =0 0:B820FVN 45O:8E 

:><?>=5=BV2 0=B8>:A840=B=>3> 70E8ABC (@8A. 5.2 �, �).  8 22060є<>, I> ?>ABV9=5 

A?>6820==O <0@30@8=C <>3;> 28:;8:0B8 5D5:B 5AB@>?0C78 C A0<>:, I> <>65 

?>OA=8B8 2V4<V==VABь @V2=O #� <V6 AB0BO<8. &0:>6 <8 A?>AB5@V30;8 71V;ьH5==O 

?@8@>ABC <0A8 BV;0 C A0<>:, O:V A?>6820;8 <0@30@8= ad libitum (@8A. 3.1 �), I> 

B56 <>65 1CB8 ?>2’O70=> 7V 7=865==O< @V2=O 5AB@>35=C [259].  

�>4020==O ��$ B0 @568< E0@GC20==O �+� ?>78B82=> 2?;820NBь =0 

?5GV=:C A0<>:. �>:@5<0, �+� ?@>O2;Oє 0=B8>:A840=B=V 2;0AB82>ABV H;OE>< 

0:B820FVW D5@<5=BV2 0=B8>:A840=B=>3> 70E8ABC (@8A. 5.2 �, �, �). ' ?5GV=FV A0<FV2 

4>A;V4=V 2848 E0@GC20==O 71V;ьH8;8 0:B82=VABь :0B0;078 (@8A. 5.2 �), ?@>B5 ��$ 

B0 �+� 7<5=H8;8 0:B82=VABь �S& (@8A. 5.2 �). &0:>6 ?VA;O ?5@V>48G=>3> 

3>;>4C20==O C ?5GV=FV A0<FV2 1C;> <5=H5 =87ь:><>;5:C;O@=8E BV>;V2 (B01;. 5.1), 
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I> <>65 A2V4G8B8 ?@> ?>@CH5==O 10;0=AC <V6 >:8A;5=8< B0 2V4=>2;5=8< 

3;NB0BV>=><. 

 

5.2.2. �?;82 <0@30@8=C, 2V420@C @><0H:8 B0 3>;>4C20==O G5@57 45=ь 
=0 0:B82=VABь 3;NB0BV>=-70;56=8E D5@<5=BV2 C @V7=8E >@30=0E 4>A;V4=8E 

<8H59 

 
' ?V4@>74V;V 5.1 <8 4V9H;8 28A=>2:C, I> C B20@8= ?V4 2?;82>< 4>A;V4=>3> 

E0@GC20==O 2<VAB #� 7<V=N202AO =5 ;8H5 C ?5GV=FV, 0 9 2 V=H8E >@30=0E. ->1 

?5@5:>=0B8AO, I> 2 =8E 4V9A=> 28=8: "%, 0 ��$ B0 �+� 70E8I0NBь 2V4 4VW �(�, 

<8 287=0G8;8 B0:>6 0:B82=>ABV 3;NB0BV>=-70;56=8E D5@<5=BV2 C F8E >@30=0E. 

' =8@:0E A0<FV2 B0 A0<>: ?VA;O A?>6820==O <0@30@8=C ad libitum 

0:B82=VABь �# B0 �S& =5 ?>:070;8 4>AB>2V@=>W @V7=8FV ?>@V2=O=> 4> 2V4?>2V4=8E 

:>=B@>;ь=8E 3@C? (@8A. 5.3). *5 ?V4B25@46Cє =0O2=VABь "% C =8@:0E, 0465 @V25=ь 

#� C F8E >@30=0E 1C2 28A>:8< (@8A. 5.1 �). 
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$8A. 5.3. �:B82=VABь 3;NB0BV>=?5@>:A84078, �# (�) B0 3;NB0BV>=-S-

B@0=AD5@078, �S& (�) C =8@:0E 4>A;V4=8E <8H59. ��$ 3 2>4=89 2V420@ @><0H:8; 

�+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 

:>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> 

A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=6. 
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"B@8<0=V 40=V 2V4?>2V40NBь ?>?5@54=V< 4>A;V465==O< [22, 235]. /: 284=> 

7 @8A. 5.3 � 0:B82=VABь �# C A0<FV2 ?VA;O ��$ 7@>A;0 242VGV, ?>@V2=O=> 4> 

:>=B@>;ь=>W 3@C?8 B0 3@C?8, O:0 A?>6820;0 <0@30@8= 157 2V420@C. #VA;O �+� 

0:B82=VABь Fь>3> D5@<5=BC 1C;0 28I>N 2V4 :>=B@>;ь=>W 3@C?8 B0 2V4 3@C?8, O:0 

A?>6820;0 <0@30@8= ?>ABV9=>, C B@8 @078.  

' =8@:0E A0<>: 0:B82=VABь �# ?VA;O 26820==O ��$ 1C;0 =0 42% 28I>N 

?>@V2=O=> 4> 3@C?8, O:0 A?>6820;0 <0@30@8= 157 2V420@C. #VA;O 70AB>AC20==O 

@568<C �+� 0:B82=>ABV Fь>3> D5@<5=BC 2 =8E 1C;0 =0 40% 28I>N, =V6 C B20@8= 

:>=B@>;ь=>W 3@C?8, B0 C 420 @078 3 =V6 ?VA;O A?>6820==O <0@30@8=C ad libitum.  

�:B82=VABь �S& C =8@:0E A0<FV2 ?VA;O A?>6820==O ��$ B0 �+� =5 

7<V=8;0AO (@8A. 5.3 �). #@>B5 C A0<>: ��$ 28:;8:02 7=865==O 0:B82=>ABV Fь>3> 

D5@<5=BC =0 36% ?>@V2=O=> 7 :>=B@>;5<, B0 =0 45% 3 ?>@V2=O=> 4> B20@8=, I> 

A?>6820;8 W6C 157 2V420@C. �0AB>AC20==O �+� 7=878;> 0:B82=VABь �S& C =8@:0E 

A0<>: =0 29% ?>@V2=O=> 4> 3@C?8, O:0 A?>6820;0 <0@30@8= ?>ABV9=>.  

"B65, C =8@:0E A0<FV2 B0 A0<>: ?VA;O A?>6820==O ��$ B0 �+� 

0:B82V7C20;0Aь >4=0 V7 ?5@H8E ;0=>: 0=B8>:A840=B=>3> 70E8ABC, I> 

?V4B25@46CєBьAO 2V4ACB=VABN 7<V= @V2=O #� (@8A. 5.1 �). "B@8<0=V @57C;ьB0B8 

2V4?>2V40NBь ?>?5@54=V< 4>A;V465==O<, 0465 2V4><>, I> @><0H:0 7030;>< [22], 

B0 0?V35=V= 7>:@5<0 [236, 260, 261], ?V428ICNBь 0:B82=VABь �# B0 7=86CNBь @V25=ь 

<0@:5@V2 "% ?@8 ?>H:>465==V =8@>:. "B@8<0=V @57C;ьB0B8 ?VA;O 70AB>AC20==O 

�+� 2V4?>2V40NBь 4>A;V465==N Cadenas et al. (1994), 2 O:><C B56 A?>AB5@V30;8 

?V428I5==O 0:B82=>ABV �# ?@8 2C3;52>4=52><C >1<565==V [238]. #@>B5 V=HV 

4>A;V465==O AB25@46CNBь, I> ?5@V>48G=5 3>;>4C20==O 7=86Cє 0:B82=VABь 

0=B8>:A840=B=8E D5@<5=BV2 G5@57 7<5=H5==O :V;ь:>ABV AC1AB@0BC [237, 262]. 

�<V=0 0:B82=>ABV �# B0 �S& 2 A5@FV <8H59 ?@>V;NAB@>20=> =0 @8A. 5.4. ' 

A0<FV2 CAVE 4>A;V4=8E 3@C? 0:B82=VABь �# 1C;0 28I>N, =V6 C :>=B@>;ь=>W (@8A. 5.4 

�). �:B82=VABь Fь>3> D5@<5=BC 1C;0 C B@8 @078 28I>N ?VA;O A?>6820==O 

<0@30@8=C ad libitum B0 ?VA;O 26820==O ��$, 0 B0:>6 2 420 7 ?>;>28=>N @078 

28I>N 3 ?VA;O 70AB>AC20==O �+�. �:B82=VABь �S& C A5@FV A0<FV2 1C;0 2 <560E 

:>=B@>;ь=8E 7=0G5=ь (@8A. 5.4 �). 
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$8A. 5.4. �:B82=VABь 3;NB0BV>=?5@>:A84078, �# (�) B0 3;NB0BV>=-S-

B@0=AD5@078, �S& (�) C A5@FV 4>A;V4=8E <8H59. ��$ 3 2>4=89 2V420@ @><0H:8; 

�+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 

:>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> 

A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=6. 

 

' A0<>:, I> A?>6820;8 <0@30@8= ad libitum, 0:B82=VABь �# 1C;0 28I>N, 

=V6 2 :>=B@>;ь=>W 3@C?8, =0 61% (@8A. 5.4 �). #VA;O 4>4020==O 4> W6V ��$ 

0:B82=VABь D5@<5=BC 2 A5@FV 1C;0 =0 30% <5=H>N, =V6 ?VA;O A?>6820==O 

<0@30@8=C 157 ��$. #VA;O ?5@V>48G=>3> 3>;>4C20==O B20@8=8 <0;8 =0 51% 28IC 

0:B82=VABь �#, =V6 :>=B@>;ь=0 3@C?0. �:B82=VABь �S& C A5@FV A0<>:, I> 

A?>6820;8 <0@30@8= ad libitum, 1C;0 =0 66% 28I>N, =V6 C :>=B@>;ь=>W 3@C?8. 

�>4020==O 4> E0@GC20==O 71030G5=>3> <0@30@8=>< ��$ 28:;8:0;> 7=865==O 

0:B82=>ABV Fь>3> D5@<5=BC =0 23% ?>@V2=O=> 4> :>=B@>;N, B0 =0 53% 3 ?>@V2=O=> 

4> 3@C?8, O:0 A?>6820;0 <0@30@8= 157 2V420@C. �0AB>AC20==O �+� B56 7<5=H8;> 

0:B82=VABь �S& =0 26% ?>@V2=O=> 4> 3@C?8, I> A?>6820;0 <0@30@8= ?>ABV9=>. 

"B65, O: C A0<FV2, B0: V 2 A0<>:, C A5@FV ?VA;O A?>6820==O <0@30@8=C ad 

libitum 71V;ьH8;0Aь 0:B82=VABь 0=B8>:A840=B=8E D5@<5=BV2, I> ?>OA=Nє 

2V4ACB=VABь 7<V=8 @V2=O #� 2 Fь><C >@30=V (@8A. 5.1 �). ' A0<FV2, O:8< 4>4020;8 

��$ B0 70AB>A>2C20;8 �+�, =02?0:8 1C2 28I8< 2<VAB #� C A5@FV =0 D>=V 28A>:>W 
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0:B82=>ABV �#, I> A2V4G8Bь ?@> @>728B>: "%. #5@V>48G=5 3>;>4C20==O ?@>O28;> 

0=B8>:A840=B=C 4VN 2 A5@FV A0<>:, 71V;ьH82H8 0:B82=VABь �#.  

$57C;ьB0B8, O:V 1C;8 >B@8<0=V C A5@FV <8H59, I> A?>6820;8 <0@30@8= ad 

libitum, =5 C73>46CNBьAO 7 ?>?5@54=V<8 4>A;V465==O<8 [235, 263]. Noeman et al. 

(2011) AB25@46CNBь, I> C A5@FV IC@V2 7 >68@V==O< 2<VAB  �� 1C2 28A>:8< =0 

D>=V 7=865=>W 0:B82=>ABV 3;NB0BV>=-70;56=8E D5@<5=BV2 [235]. #@>B5 C =0H><C 

5:A?5@8<5=BV =V C A0<FV2, =V C A0<>: =5 @>728=C;>Aь >68@V==O, I> <>65 

?>OA=N20B8 2V4<V==VABь 0:B82=>ABV D5@<5=BV2. Gujjala et al. (2022) B56 28O28;8 

@>728B>: "% C Fь><C >@30=V G5@57 V=381C20==O �# B0 �S& C A5@FV IC@V2 ?VA;O 

A?>6820==O W6V 7 28A>:8< 2<VAB>< 68@C [263].  

�V4><>, I> =0:>?8G5==O &�� C <V>:0@4V <>65 1CB8 ?@8G8=>N @>728B:C 

"%. +5@57 ?V428I5=5 =020=B065==O =0 <V>:0@4, 2 =ь><C 71V;ьHCєBьAO CB2>@5==O 

2V;ь=8E @048:0;V2, I> 9 28:;8:0є "% [235]. Gujjala et al. (2022) A?>AB5@V30;8 

71V;ьH5==O 2<VABC &�� C A5@FV 4>A;V4=8E B20@8= [263]. ' =0H><C 6 28?04:C 2<VAB 

&�� 1C2 =02?0:8 7=865=89. &0:>6 C 4>A;V465==V Gujjala et al. (2022) [263] 4> 

A:;04C ��� 2E>482 A<0;5Fь, 0 2 =0H><C 4>A;V465==V 465@5;>< ;V?V4V2 1C2 

<0@30@8=.  

 8 28O28;8, I> 4>4020==O ��$ 4> W6V, 71030G5=>W <0@30@8=><, 0:B82Cє 

A8AB5<C 45B>:A8:0FVW H2O2 70 4>?><>3>N �# C A5@FV A0<FV2 <8H59. *59 D5@<5=B є 

>4=8< 7 ?5@H8E 70E8A=8E 0=B8>:A840=B=8E D5@<5=BV2, O:89 @53C;Nє @V25=ь �(�. 

�V= 740B=89 7=5H:>46C20B8 =5 ;8H5 H2O2, 0;5 9 3V4@>?5@>:A848, I> 

CB2>@NNBьAO 2 @57C;ьB0BV >:8A;5==O =5=0A8G5=8E �� [264]. � >3;O4C =0 B5, I> C 

A5@FV A0<FV2 B0:>6 1C2 28A>:89 @V25=ь #�, <8 4V9H;8 28A=>2:C, I>, =572060NG8 

=0 28A>:C 0:B82=VABь �#, 0=B8>:A840=B=0 A8AB5<0 A5@FO A0<FV2 =5 A?@02;O;0AO 7V 

A2>єN DC=:FVєN. �:B82=VABь �# ?VA;O 70AB>AC20==O �+� :>@5;Nє 7 @57C;ьB0B0<8, 

>?8A0=8<8 Mladenovic Djordjevic et al. (2021) C A5@FV IC@V2, O:8< =0 50% 

>1<56C20;8 :V;ь:VABь :0;>@V9, >B@8<0=8E 7 W65N [26].  

�>2545=>, I> B@820;5 V=B5@20;ь=5 3>;>4C20==O 0:B82Cє A8AB5<C 

0=B8>:A840=B=>3> 70E8ABC V 70E8I0є A5@F5 2V4 VH5<VG=>3> ?>H:>465==O [265, 266, 

267]. #@>B5 <8 28O28;8, I> C A0<FV2 =02?0:8 @>72820єBьAO "% ?@8 ?5@V>48G=><C 
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3>;>4C20==V, 0465 @V25=ь #� C A5@FV 2A5 6 B0:8 ;8H02AO ?V428I5=8<. &0:>6 

28I89 2<VAB #� =0 FV9 4VєBV C A0<FV2 <8 A?>AB5@V30;8 C 68@>2V9 B:0=8=V (@8A. 5.1 

�). "B65 C A5@FV <8H59 >1>E AB0B59 <0@30@8= 0:B82C202 A8AB5<C 

0=B8>:A840=B=>3> 70E8ABC, 0 4>4020==O ��$ B0 70AB>AC20==O �+� =02?0:8 

28:;8:0;8 "% C A0<FV2. 

�V4><>, I> A?>6820==O W6V, 4> A:;04C O:>W 2E>48Bь 28A>:89 2V4A>B>: 

;V?V4V2 B0 2C3;52>4V2, <>65 7=86C20B8 0:B82=VABь 0=B8>:A840=B=8E D5@<5=BV2 B0 

71V;ьHCNG8 2<VAB #� C :>@V 3>;>2=>3> <>7:C [250].  8 =5 A?>AB5@V30;8 7<V= 

0:B82=>AB59 �# B0 �S& C B20@8= ?VA;O A?>6820==O <0@30@8=C ad libitum (@8A. 5.5), 

?@>B5 @V25=ь #� C B20@8= >1>E AB0B59 1C2 ?V428I5=89 (@8A. 5.1 �). *5 <>65 

A2V4G8B8 ?@> @>728B>: >:8A=8E ?>H:>465=ь :>@8 3>;>2=>3> <>7:C. Maciejczyk et 

al. (2022) B56 =5 A?>AB5@V30;8 7<V= 0:B82=>ABV �# C :>@V 3>;>2=>3> <>7:C IC@V2 

?VA;O A?>6820==O W6V 7 28A>:8< 2<VAB>< ;V?V4V2. !0C:>2FV ?>OA=NNBь F5 A;01H8< 

0=B8>:A840=B=8< 70E8AB>< :>@8 3>;>2=>3> <>7:C [251]. 
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$8A. 5.5. �:B82=VABь 3;NB0BV>=?5@>:A84078, �# (�) B0 3;NB0BV>=-S-

B@0=AD5@078, �S& (�) C :>@V 3>;>2=>3> <>7:C 4>A;V4=8E <8H59. ��$ 3 2>4=89 

2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 

2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± 

SEM, n=6. 
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)@>=VG=0 3V?5@3;V:5<VO, V=AC;V=>@578AB5=B=VABь, 48A;V?V45<VO B0 70?0;5==O 

є >A=>2=8<8 D0:B>@0<8 ?>@CH5==O >:8A=>-2V4=>2=>3> 10;0=AC 2 <>7:C. 

�1V;ьH5==O @V2=O �(� 2 :;VB8=0E <>7:C <>65 1CB8 ?>2’O70=8< 7 =04;8H:>< 

3;N:>78 B0 68@=8E :8A;>B [268]. �@V< B>3>, 2V4><>, I> 4>23>B@820;5 A?>6820==O 

W6V 7 28A>:8< 2V4A>B:>< ;V?V4V2 28:;8:0є "% V =59@>70?0;5==O 2 <>7:C [269]. *5 

<>65 1CB8 ?>2’O70=> V7 ?>@CH5==O< @>1>B8 <VB>E>=4@V9, @57C;ьB0B>< G>3> є 

?@>4C:FVO =04;8H:C �(�.  

 VB>E>=4@VW 70157?5GCNBь 35=5@0FVN 1V;ьH>W G0AB8=8 �&(, =5>1EV4=>W 2 

<>7:C 4;O 28:>=0==O @V7=8E DC=:FV9 =59@>=V2 [175]. #@>BO3>< =>@<0;ь=>3> 

:;VB8==>3> 48E0==O :8A5=ь A?>6820єBьAO <VB>E>=4@VO<8, 0 =0 :V=F52V9 AB04VW 

>:8A=>3> D>AD>@8;N20==O 2V= 2V4=>2;NєBьAO 4> 2>48. �0 =>@<0;ь=8E C<>2 

5;5:B@>=-B@0=A?>@B=89 ;0=FN3 <VB>E>=4@V9 ?@>4C:Cє <5=H5 2% :8A=N 7 

CB2>@5==O< �(�, 0;5 ?VA;O WE ?>H:>465==O :V;ь:VABь 2V;ь=8E @048:0;V2 7@>AB0є 

[175].  

�V4><>, I> 4>4020==O @><0H:8 4> @0FV>=C 7=86Cє @V25=ь >:8A;5==O 

;V?V4V2 C <>7:C IC@V2 V7 F5@51@0;ь=>N VH5<VєN [253]. Jabri et al. (2022) 

AB25@46CNBь, I> A?>6820==O ��$ =0 D>=V W6V 7 28A>:8< 2<VAB>< ;V?V4V2 7=86Cє 

@V25=ь  ��, B0 ?V428ICє 0:B82=VABь �# C <>7:C IC@V2 [23]. ' =0H><C 

4>A;V465==V A?>6820==O ��$ B0 <0@30@8=C =5 <0;> 2?;82C =0 3;NB0BV>=-70;56=V 

D5@<5=B8 :>@8 3>;>2=>3> <>7:C 4>A;V4=8E <8H59.  

�8H5 0:B82=VABь �S& C A0<>: 1C;0 C42VGV 28I>N, =V6 C :>=B@>;ь=>W 3@C?8 

(@8A. 5.5 �). *5 <>65 1CB8 ?>2’O70=> V7 7@>AB0==O< 2<VABC 3;NB0BV>=C, O:89 <0є 

0=B8>:A840=B=V 2;0AB82>ABV. /: >?8AC20;8 Jabri et al. (2022), 2<VAB 3;NB0BV>=C 1C2 

28I8< C <>7:C IC@V2 ?VA;O A?>6820==O ��$ [23]. "B@8<0=V =0<8 @57C;ьB0B8 

2V4?>2V40NBь 2V4ACB=>ABV 7<V= @V2=O #� C :>@V 3>;>2=>3> <>7:C B20@8= ?VA;O 

A?>6820==O W6V 7 2V420@>< (@8A. 5.1 �).  

"B65, ��$ =V25;Nє =530B82=89 2?;82 <0@30@8=C =0 :>@C 3>;>2=>3> <>7:C 

<8H59. /: 2V4><>, �+� B56 71V;ьHCє 0:B82=VABь �# B0 �S& C :>@V 3>;>2=>3> 

<>7:C, G8< V 70157?5GCє 0=B8>:A840=B=89 5D5:B [163]. ' =0H><C 4>A;V465==V 

A0<FV, 4> O:8E 70AB>A>2C20;8 �+�, <0;8 =0 76% 28IC 0:B82=VABь �#, =V6 C 
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:>=B@>;ь=8E B20@8= B0 <8H59, O:V A?>6820;8 <0@30@8= ad libitum (@8A. 5.5 �). ' 

<560E 4>A;V4=8E 3@C? A0<>: 4>AB>2V@=8E 2V4<V==>AB59 0:B82=>ABV F8E D5@<5=BV2 

=5 A?>AB5@V30;8. �:B82=VABь �S& ?VA;O ?5@V>48G=>3> 3>;>4C20==O <0;0 B5=45=FVN 

4> 7@>AB0==O C :>@V 3>;>2=>3> <>7:C <8H59 >1>E AB0B59, 0;5 4>AB>2V@=>W 

2V4<V==>ABV =5 1C;> 28O2;5=> (@8A. 5.5 �). /: <>6=0 ?><VB8B8, :>@0 3>;>2=>3> 

<>7:C <8H59 @503Cє =0 �+� ?>-@V7=><C. � A0<FV2 B0:89 @568< E0@GC20==O 

0:B82C202 70E8A=V <5E0=V7<8 <>7:C, 0 2 A0<>: =V, I> ?V4B25@46Cє 28I89 @V25=ь 

#� C B20@8= FVєW AB0BV (@8A. 5.1 �).  

"B65, <8 28O28;8, I> 4>A;V4=V 2848 E0@GC20==O <0NBь >@30=>A?5F8DVG=89 

2?;82, 0 B0:>6 ?>-@V7=><C 4VNBь =0 A0<FV2 B0 A0<>: B20@8=. "@30=8 A0<>: 1V;ьH 

GCB;82V 4> A?>6820==O <0@30@8=C ad libitum, 7>:@5<0 >7=0:8 "% ?@>O2;O;8AO 2 

?5GV=FV, =8@:0E B0 :>@V 3>;>2=>3> <>7:C, 0 C A0<FV2 3 ;8H5 2 =8@:0E B0 :>@V. *O 

W60 0:B82C20;0 0=B8>:A840=B=C A8AB5<C A5@FO B20@8= >1>E AB0B59. �V420@ 

@><0H:8 B0 �+� B56 <0;8 @V7=89 5D5:B =0 A0<FV2 B0 A0<>: <8H59. ' A0<>: FV 

4>40B:8 4> E0@GC20==O ?@>O28;8 70E8A=C 4VN =0 D>=V W6V 7 <0@30@8=><, 7=86CNG8 

"% C 4>A;V4=8E >@30=0E.  

#@>B5 C A5@FV A0<FV2 ��$ B0 �+�, =02?0:8, ?V428I8;8 <0@:5@8 "%. 

 >6;82>, F5 ?>2’O70=> V7 @>728B:>< 70?0;ь=8E ?@>F5AV2 C >@30=V7<V A0<FV2, 0465 

<8 A?>AB5@V30;8 28A>:89 2<VAB ;59:>F8BV2 =0 4VєBV 7 �+� (@8A. 4.1 �), 0 B0:>6 

71V;ьH5==O :V;ь:>ABV <>=>F8BV2 C :@>2V ?VA;O A?>6820==O ��$ (@8A. 4.1 �). ' 

?;07<V :@>2V A0<FV2 <8 A?>AB5@V30;8 B5=45=FVN 4> 7@>AB0==O @V2=O ?@>70?0;ь=>3> 

F8B>:V=C ��-1³ (@8A. 4.2 �), I> B56 ?V428ICє 2V@>3V4=VABь @>728B:C 70?0;5==O C 

A5@FV. �V4><>, I> ?V428I5==O @V2=O ��-1³ 2 ?;07<V :@>2V є >4=8< V7 <0@:5@V2 %%� 

[270].  

�030;><, 1C;> 28O2;5=>, I> >@30=V7< A0<FV2 70;8H0єBьAO 1V;ьH 70E8I5=8< 

2V4 @>728B:C "%, O:89 <>65 28=8:=CB8 2V4 A?>6820==O <0@30@8=-2<VA=>W W6V. 

!572060NG8 =0 B5, I> 4>A;V4=V 2848 E0@GC20==O <0;8 B:0=8=>A?5F8DVG=89 2?;82, 

=0 @8A. 5.6 7>1@065=> WE 7030;ь=89 2?;82 =0 >@30=V7< A0<FV2 <8H59.  
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$8A. 5.6. '7030;ь=NNG0 AE5<0 2?;82C E0@GC20==O 7 4>4020==O< <0@30@8=C 

=0 A8AB5<C 0=B8>:A840=B=>3> 70E8ABC 2 >@30=V7<V A0<FV2 <8H59. +5@2>=8< 

:>;ь>@>< ?>7=0G5=> 2?;82 A?>6820==O <0@30@8=C ad libitum, 75;5=8< 3 2?;82 

E0@GC20==O 7 <0@30@8=>< B0 2>4=8< 2V420@>< @><0H:8 (��$), ?><0@0=G528< 3 

2?;82 3>;>4C20==O G5@57 45=ь =0 B;V E0@GC20==O 7 <0@30@8=>< (�+�). 6(�� 3 6-

D>AD>3;N:>=>;0:B>=; �6( 3 3;N:>7>-6-D>AD0B; �6(�� 3 3;N:>7>-6-

D>AD0B453V4@>35=070; �# 3 3;NB0BV>=?5@>:A84070; �$ 3 3;NB0BV>=@54C:B070; �S-

:>=’N30B8 3 A?>;C:8 :A5=>1V>B8:V2 7 3;NB0BV>=><; �S& 3 3;NB0BV>=-S-

B@0=AD5@070; �S! (�SS�) 3 3;NB0BV>= 2V4=>2;5=89 (>:8A;5=89); ��& 3 :0B0;070; 

�-"! 3 68@=V A?8@B8; !��( (!��(!) 3 =V:>B8=0<V4045=V=48=C:;5>B84D>AD0B 

>:8A;5=89 (2V4=>2;5=89); #� 3 ?5@>:A848 ;V?V4V2; %"� 3 AC?5@>:A8448A<CB070. 

 

�C;> 28O2;5=>, I> W60 7 <0@30@8=>< ?V428I8;0 0:B82=VABь :0B0;078, I> 

?V4A8;8;> 45B>:A8:0FVN �(� (O2·-) B0 70E8I0;> 2V4 CB2>@5==O #� (>:@V< 68@>2>W 

B:0=8=8 B0 :>@8 3>;>2=>3> <>7:C). %?>6820==O <0@30@8=C @07>< 7 ��$ 01> �+� 

B56, 2 FV;><C, ?V428IC20;> 0:B82=VABь 0=B8>:A840=B=8E D5@<5=BV2 ?5@H>W ;V=VW 

70E8ABC 3 %"�, :0B0;078 B0 �# (@8A. 5.6). #@>B5, 2 68@>2V9 B:0=8=V B0 A5@FV A0<FV2 

=0 F8E @568<0E E0@GC20==O V=B5=A8DV:C202AO "%. 
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$8A. 5.7 V;NAB@Cє 7030;ь=89 2?;82 4>A;V4=8E @568<V2 E0@GC20==O =0 

>@30=V7< A0<>: <8H59. �C;> 28O2;5=>, I> A?>6820==O <0@30@8=C ad libitum 

V=B5=A8DV:Cє "% C 1V;ьH>ABV >@30=V2 (>:@V< 68@>2>W B:0=8=8 B0 A5@FO). �>4020==O 

4> W6V 7 <0@30@8=>< ��$ B0 70AB>AC20==O �+� 70?>1V30;> >:8A;5==N ;V?V4V2 B0 

D>@<C20==N #� C A0<>:. *5 @50;V7C20;>AO 42><0 H;OE0<8. �0 C<>2 A?>6820==O 

��$ >@30=V7< B20@8= ?@>4>26C202 ?V4B@8<C20B8 =>@<0;ь=89 10;0=A <V6 

CB2>@5==O< B0 45B>:A8:0FVєN �(�. ' @57C;ьB0BV G>3>, =5 CB2>@N20;>Aь =04;8H:C 

#�, B0 =5 1C;> =5>1EV4=>ABV 2 ?V428I5==V 0:B82=>ABV 0=B8>:A840=B=8E D5@<5=BV2. 

�:B82=VABь �S& 1C;0 =86G>N, I> A2V4G8Bь ?@> B5, I> 7=5H:>46C20B8 

:A5=>1V>B8:8 =5 1C;> ?>B@518. �0 C<>2 70AB>AC20==O �+� C A0<>: 71V;ьHC20;0Aь 

0:B82=VABь %"� B0 �#, O:V 7=5H:>48;8 =04;8H>: �(� B0 45B>:A8:C20;8 #�. 

 

 

 

$8A. 5.7. '7030;ь=NNG0 AE5<0 2?;82C E0@GC20==O 7 4>4020==O< <0@30@8=C 

=0 A8AB5<C 0=B8>:A840=B=>3> 70E8ABC 2 >@30=V7<V A0<>: <8H59. +5@2>=8< 

:>;ь>@>< ?>7=0G5=> 2?;82 A?>6820==O <0@30@8=C ad libitum, 75;5=8< 3 2?;82 

E0@GC20==O 7 <0@30@8=>< B0 2>4=8< 2V420@>< @><0H:8 (��$), ?><0@0=G528< 3 

2?;82 3>;>4C20==O G5@57 45=ь =0 B;V E0@GC20==O 7 <0@30@8=>< (�+�). 6(�� 3 6-

D>AD>3;N:>=>;0:B>=; �6( 3 3;N:>7>-6-D>AD0B; �6(�� 3 3;N:>7>-6-
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D>AD0B453V4@>35=070; �# 3 3;NB0BV>=?5@>:A84070; �$ 3 3;NB0BV>=@54C:B070; �S-

:>=’N30B8 3 A?>;C:8 :A5=>1V>B8:V2 7 3;NB0BV>=><; �S& 3 3;NB0BV>=-S-

B@0=AD5@070; �S! (�SS�) 3 3;NB0BV>= 2V4=>2;5=89 (>:8A;5=89); ��& 3 :0B0;070; 

�-"! 3 68@=V A?8@B8; !��( (!��(!) 3 =V:>B8=0<V4045=V=48=C:;5>B84D>AD0B 

>:8A;5=89 (2V4=>2;5=89); #� 3 ?5@>:A848 ;V?V4V2; %"� 3 AC?5@>:A8448A<CB070. 
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$"���� 6. �#���  �$��$�!-� �%!"� ��� "�$� " &� � 
#"Є�!�!!� � �����$"  $" �,�� &� #�$�"��+!�  

�"�"�'��!!/  !� �!�$��&�+!��  �&��"���   �,�� 

 
6.1. �<V=8 @V2=O 3>;>2=8E <5B01>;VBV2 C ?;07<V :@>2V 4>A;V4=8E B20@8= 

 
$V25=ь 2V;ь=>W 3;N:>78 C ?;07<V :@>2V 5:A?5@8<5=B0;ь=8E B20@8= 

?@>V;NAB@>20=> =0 @8A. 6.1 �. #VA;O A?>6820==O <0@30@8=C ad libitum 2<VAB 

3;N:>78 4>AB>2V@=> =5 7<V=82AO =V 2 A0<FV2, =V 2 A0<>:. ' ?;07<V A0<FV2, O:V 

A?>6820;8 ��$, @V25=ь 3;N:>78 B56 1C2 C <560E :>=B@>;ь=8E 7=0G5=ь. �8H5 

?VA;O �+� WW 2<VAB 1C2 =0 37% 28I8<, =V6 C :>=B@>;ь=>W 3@C?8. �>4020==O ��$ 4> 

E0@GC20==O A0<>: 7=0G=> 7=878;> @V25=ь 3;N:>78 ?>@V2=O=> 4> :>=B@>;ь=>W 

3@C?8, B0 3@C?8, O:0 A?>6820;0 <0@30@8= ad libitum, =0 42% B0 36% 2V4?>2V4=>. 
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$8A. 6.1. �<VAB 2V;ь=>W 3;N:>78 (�), 7030;ь=>3> E>;5AB5@>;C (�) B0 

B@80F8;3;VF5@84V2, &�� (�) C ?;07<V :@>2V 4>A;V4=8E <8H59. ��$ 3 2>4=89 2V420@ 

@><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь.*#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 

:>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> 

A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=3-6. 

 

�>AB>2V@=8E 7<V= 2<VABC 7030;ь=>3> E>;5AB5@>;C C ?;07<V :@>2V 4>A;V4=8E 

A0<FV2 =5 1C;> 28O2;5=> (@8A 6.1 �). 
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�<VAB &�� C ?;07<V :@>2V 4>A;V4=8E B20@8= 7>1@065=> =0 @8A. 6.1 �. �E 

2<VAB C A0<FV2 1C2 =86G89 =0 35% ?VA;O A?>6820==O <0@30@8=C ad libitum, =0 38% 

3 ?VA;O A?>6820==O ��$ B0 =0 35% 3 ?VA;O 70AB>AC20==O �+� ?>@V2=O=> 4> 

:>=B@>;ь=>W 3@C?8. ' A0<>: 4>AB>2V@=8E 7<V= Fь>3> ?>:07=8:0 =5 A?>AB5@V30;8.  

$57C;ьB0B8, >B@8<0=V C ?;07<V :@>2V ?VA;O 4>4020==O <0@30@8=C ad libitum, 

G0AB:>2> C73>46CNBьAO 7 ?>?5@54=V<8 4>A;V465==O<. �>:@5<0, ?VA;O A?>6820==O 

W6V 7 28A>:8< 2<VAB>< 68@C B0 D@C:B>78 B56 A?>AB5@V30;8 2V4ACB=VABь 7<V= @V2=O 

3;N:>78 B0 E>;5AB5@>;C 2 ?;07<V :@>2V <8H59 [183]. #@>B5 C @>1>BV Bayliak et al. 

(2022) 1C;> 28O2;5=> 28I89 2<VAB &�� C ?;07<V. � =0H><C 6 4>A;V465==V F59 

?>:07=8: 01> 1C2 =86G89 (C A0<FV2), 01> =5 7<V=N202AO (C A0<>:) [183].  

�A=CNBь @V7=V B25@465==O AB>A>2=> :V;ь:>ABV &�� C ?;07<V :@>2V ?VA;O 

A?>6820==O ���. �V;ьHVABь @>1VB AB25@46Cє, I> @V25=ь Fь>3> ?>:07=8:0 7@>AB0є 

[183, 222, 271], 0;5 2V4><V B0:>6 4>A;V465==O, O:V A?>AB5@V30;8 2V4ACB=VABь 7<V= 

@V2=O &�� [98], 01> =02?0:8 9>3> 7=865==O G5@57 48A;V?V45<VN [272, 273]. #@>B5 C 

4>A;V465==V Kim et al. (2021) 2<VAB &�� C ?;07<V :@>2V 1C2 =86G8< =0 D>=V 

28A>:>3> @V2=O 7030;ь=>3> E>;5AB5@>;C, 0 B0:>6 ��-1³ B0 =87ь:>W 0:B82=>ABV #"! 

[272].  

' ?;07<V :@>2V 4>A;V4=8E B20@8= =5 1C;> 28O2;5=> 7<V= 2<VABC 7030;ь=>3> 

E>;5AB5@>;C (@8A. 6.1 �) B0 ��-1³ (@8A. 4.2 �), ?@>B5 0:B82=VABь #"! =0 @568<0E 

E0@GC20==O 7 4>4020==O< <0@30@8=C <0;0 B5=45=FVN 4> 7=865==O C A0<FV2, B0 

1C;0 4>AB>2V@=> =86G>N C A0<>: (@8A. 4.2 �). &><C, <8 =5 <>65<> AB25@46C20B8 

?@> =0O2=VABь 48A;V?V45<VW C <8H59 ?VA;O A?>6820==O <0@30@8=C ad libitum. #@>B5 

=87ь:0 0:B82=VABь #"! @07>< 7 V=H8<8 <0@:5@0<8 <>65 A2V4G8B8 ?@> @>728B>: 

"% 2 >@30=V7<V, I> ?V4B25@46CєBьAO 28A>:8< @V2=5< #� B0 V=381C20==O< 

D5@<5=BV2 0=B8>:A840=B=>3> 70E8ABC 2 @V7=8E >@30=0E. 

!86G89 @V25=ь 2V;ь=>W 3;N:>78 C ?;07<V :@>2V A0<>: <8H59 ?V4 2?;82>< 

��$ ?V4B25@46Cє 5:A?5@8<5=B =0 IC@0E 7 V=4C:>20=8< 4V015B>< [157]. 

�V?>3;V:5<VG=89 5D5:B ��$ ?@>O2;OєBьAO G5@57 28A>:89 2<VAB ?>;VD5=>;ь=8E 

A?>;C:. �>:@5<0, >4=V 7 9>3> :><?>=5=BV2 3 :25@F5B8= B0 ;NB5>;V= 3 740B=V 

V=381C20B8 3;V:>35=D>AD>@8;07C, I> ?@872>48Bь 4> 7<5=H5==O 453@040FVW 
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3;V:>35=C [156]. &><C, <>6=0 ?@8?CAB8B8, I> 7=865==O @V2=O 3;N:>78 2=0A;V4>: 

A?>6820==O ��$ 7C<>2;5=5 ?@83=VG5==O< @>7?04C 3;V:>35=C. �C;> 28O2;5=>, I> 

@><0H:>289 G09 740B=89 7=86C20B8 @V25=ь 3;N:>78, E>;5AB5@>;C B0 &�� C ?;07<V 

:@>2V ?0FVє=BV2 V7 FC:@>28< 4V015B><, ?@>B5 =5 2?;820є =0 � & [274]. ' =0H><C 

28?04:C ��$ 28:;8:02 7=865==O @V2=O 2V;ь=>W 3;N:>78 ;8H5 C A0<>:, 0 2<VABC 

&�� ;8H5 C A0<FV2, I> <>6=0 ?>OA=8B8 2V4ACB=VABN FC:@>2>3> 4V015BC 2 

?V44>A;V4=8E <8H59. �D5:B =0 2<VAB &�� C ?;07<V :@>2V A0<FV2 @04H5 7C<>2;5=89 

4VєN <0@30@8=C, 0465 @V25=ь Fь>3> ?>:07=8:0 1C2 =86G8< C 2AVE 4>A;V4=8E 3@C?0E 

A0<FV2. 

�V4><>, I> ?5@V>48G=5 3>;>4C20==O ?>:@0ICє <5B01>;V7< 3;N:>78 B0 

;V?V4V2 C ?0FVє=BV2 7  %. �>:@5<0, 7=86Cє 2<VAB 3;N:>78 =0BI5, @V25=ь 7030;ь=>3> 

E>;5AB5@>;C B0 &�� [275]. ' =0H><C 28?04:C A0<FV =0 @568<V �+� <0;8 28I89 

2<VAB 3;N:>78 2 ?;07<V :@>2V. &0:>6 A0<FV 70 C<>2 70AB>AC20==O �+� <0;8 

?V428I5=89 @V25=ь ;59:>F8BV2 (@8A. 4.1 �) B0 B5=45=FVW 4> 7<5=H5==O 0:B82=>ABV 

#"! (@8A. 4.2 �) V 71V;ьH5==O :V;ь:>ABV ��-1³ (@8A. 4.2 �) ?>@V2=O=> 4> 

:>=B@>;ь=8E 3@C?. *5 <>65 A2V4G8B8 ?@> @>728B>: A8AB5<=>3> 70?0;5==O C A0<FV2 

?VA;O ?5@V>48G=>3> 3>;>4C20==O =0 D>=V W6V 7 <0@30@8=><. &0:>6 B0:V 5D5:B8 

<>3;8 28=8:=CB8, O: =0A;V4>: ?>H:>465=ь, I> 28=8:;8 C A5@FV B20@8= ?V4 4VєN 

�(�. *5 ?V4B25@46Cє 28A>:89 @V25=ь #� (@8A. 5.1 �) B0 2V4ACB=VABь 7<V= 

0:B82=>ABV �S& (@8A. 5.4 �) C Fь>< >@30=V. 

 

6.2.  5B01>;VG=V 7<V=8 2 ?5GV=FV 4>A;V4=8E B20@8= 

 

Dhibi et al. (2011) ?>:070;8, I> A?>6820==O <0@30@8=C 7 28I8< 2<VAB>< 

&!�� <>65 1CB8 ?@O<8< 465@5;>< "% 4;O >@30=V7<C. &0:>6 4>A;V4=8:8 

?>:070;8, I> &!�� <>6CBь 28:;8:0B8 ?>@CH5==O <5B01>;V7<C ?5GV=:8, I> 

=040;V ?@872>48Bь 4> !��)# [227]. ' =0H><C 5:A?5@8<5=BV ;8H5 A0<:8, O:V 

A?>6820;8 <0@30@8= ad libitum, ?>:070;8 =0O2=VABь "% C ?5GV=FV. !0 @8A. 6.2 

7>1@065=> 7<V=8 @V2=O >A=>2=8E <5B01>;VBV2 ?5GV=:8 B20@8= ?VA;O A?>6820==O 

<0@30@8=C >:@5<> B0 2 ?>є4=0==V 7 ��$ B0 �+�. �V;ь:VABь 3;N:>78 C 35?0B>F8B0E 
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<8H59, O:V ?5@51C20;8 =0 5:A?5@8<5=B0;ь=><C E0@GC20==V @V7=>3> B8?C, 

4>AB>2V@=8E 7<V= =5 <0;0. �8H5 C A0<>: ?VA;O �+� @V25=ь 3;N:>78 1C2 28I8< =0 

31%, =V6 C :>=B@>;ь=>W 3@C?8 (@8A. 6.2 �). 
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$8A. 6.2. �<VAB 2V;ь=>W 3;N:>78 (�), 3;V:>35=C (�), 7030;ь=>3> E>;5AB5@>;C 

(�) B0 B@80F8;3;VF5@84V2, &�� (�) C ?5GV=FV 4>A;V4=8E <8H59. ��$ 3 2>4=89 

2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 

2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. �0=V ?@54AB02;5=V O: M ± 

SEM, n=5-6. 

 

�<VAB 3;V:>35=C 2 ?5GV=FV 4>A;V4=8E <8H59 =02545=> =0 @8A. 6.2 �. ' 

A0<FV2 ;8H5 ?VA;O A?>6820==O W6V G5@57 45=ь F59 ?>:07=8: 1C2 =0 37% =86G89, 
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=V6 C B20@8= :>=B@>;ь=>W 3@C?8. %0<:8, O:V ?8;8 ��$, <0;8 =0 38% =86G89 

@V25=ь 3;V:>35=C, =V6 :>=B@>;ь=0 3@C?0.  

!0 @8A. 6.2 � 7>1@065=> 2<VAB 7030;ь=>3> E>;5AB5@>;C 2 35?0B>F8B0E 

B20@8=. ' A0<FV2 A?>AB5@V30;8 B5=45=FVN 4> 7@>AB0==O Fь>3> ?>:07=8:0 ?VA;O 

A?>6820==O <0@30@8=C ad libitum B0 70AB>AC20==O �+� ?>@V2=O=> 4> :>=B@>;N. 

#VA;O 4>4020==O ��$ 2<VAB E>;5AB5@>;C 1C2 =0 52% =86G8<, =V6 ?@8 A?>6820==V 

<0@30@8=C 157 2V420@C. ' A0<>:, G5@57 28A>:C 20@V0B82=VABь >B@8<0=8E 40=8E, 

4>AB>2V@=8E 7<V= =5 A?>AB5@V30;8, E>G0 2V420@ @><0H:8 28:;8:02 B5=45=FVN 4> 

7=865==O @V2=O E>;5AB5@>;C. 

$V25=ь &�� C ?5GV=FV 4>A;V4=8E B20@8= =02545=> =0 @8A. 6.2 �. ' A0<FV2, 

O:V A?>6820;8 <0@30@8= ad libitum, B0 C B8E, O:V A?>6820;8 ��$, WE 2<VAB 1C2 C 

<560E :>=B@>;ь=8E 7=0G5=ь. #@>B5 ?VA;O �+� @V25=ь &�� 71V;ьH82AO C B@8 7 

?>;>28=>N @078 ?>@V2=O=> 4> :>=B@>;ь=>W 3@C?8, B0 C G>B8@8 7 ?>;>28=>N @078 3 

?>@V2=O=> 4> 3@C?8, O:0 A?>6820;0 <0@30@8= ad libitum. ' ?5GV=FV A0<>:, O:V 

A?>6820;8 <0@30@8= ad libitum, A?>AB5@V30;8 B5=45=FVN 4> 71V;ьH5==O @V2=O &��. 

#VA;O 70AB>AC20==O �+� F59 ?>:07=8: 1C2 =0 44% =86G8<, =V6 C A0<>:, I> W;8 

<0@30@8= ?>ABV9=>.  

$8A. 6.3 � V;NAB@Cє 2?;82 5:A?5@8<5=B0;ь=>3> E0@GC20==O =0 0:B82=VABь 

((�. ' ?5GV=FV A0<FV2, O:V A?>6820;8 <0@30@8= 7 ��$, 0:B82=VABь D5@<5=BC 1C;0 

=0 30% 28I>N, =V6 C :>=B@>;ь=>W 3@C?8. ' ?5GV=FV A0<>:, O:8< 4> W6V 4>4020;8 

<0@30@8= ad libitum, 0:B82=VABь ((� 1C;0 =0 59% 28I>N, =V6 C :>=B@>;ь=>W 

3@C?8. &0:>6 =0 @0FV>=V 7 2V420@>< @><0H:8 0:B82=VABь D5@<5=BC 1C;0 28I>N =0 

43%, =V6 =0 :>=B@>;ь=><C.  

�?;82 5:A?5@8<5=B0;ь=8E 284V2 E0@GC20==O =0 0:B82=VABь #� 

?@54AB02;5=> =0 @8A. 6.3 �. ' ?5GV=FV A0<FV2, O:V A?>6820;8 <0@30@8= ad libitum, 

0:B82=VABь Fь>3> D5@<5=BC 1C;0 =0 22% 28I>N, =V6 C :>=B@>;ь=>W 3@C?8. #VA;O 

A?>6820==O ��$ 0:B82=VABь #� 1C;0 28I>N =0 35% ?>@V2=O=> 4> B20@8=, O:V 

A?>6820;8 107>2C W6C. ' A0<FV2, O:8E 3>4C20;8 G5@57 45=ь, 0:B82=VABь D5@<5=BC 

1C;0 28I>N =0 23%, =V6 C :>=B@>;ь=>W 3@C?8. ' 35?0B>F8B0E A0<>: ;8H5 ?VA;O 
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A?>6820==O <0@30@8=C ad libitum 0:B82=VABь #� 1C;0 =0 28% 28I>N, =V6 C 

:>=B@>;ь=>W 3@C?8.  
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$8A. 6.3. �:B82=VABь D>AD>D@C:B>:V=078, ((� (�) B0 ?V@C20B:V=078, #� 

(�) 2 ?5GV=FV 4>A;V4=8E <8H59. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O 

G5@57 45=ь. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. 

�0=V ?@54AB02;5=V O: M ± SEM, n=6. 

 

#V428I5==O 0:B82=>ABV ((� B0 #� A2V4G8Bь, I> A?>6820==O <0@30@8=C 

ad libitum 71V;ьHCє V=B5=A82=VABь 3;V:>;V7C 2 ?5GV=FV. *5 ?V4B25@46CєBьAO 

?>?5@54=V< 4>A;V465==O<, O:5 ?>:070;>, I>, ?>@V2=O=> 7 <8H0<8 :>=B@>;ь=>W 

3@C?8, C ?5GV=FV B20@8=, O:V A?>6820;8 W6C 7 28A>:8< 2<VAB>< ;V?V4V2, @V25=ь 

<$!� 3;V:>;VB8G=8E D5@<5=BV2 1C2 28I8< [276]. *5 <>65 1CB8 ?>2’O70=> 7 

3V?5@V=AC;V=5<VєN ?@8 V=AC;V=>@578AB5=B=>ABV [277]. &0:>6 Liu et al. (2018) 

A?>AB5@V30;8 7=865==O @V2=O 3;V:>35=C ?@8 @>728B:C 68@>2>W E2>@>18 ?5GV=:8 

[276]. ' =0H><C 4>A;V465==V B20@8=8 =5 <0;8 4>AB>2V@=8E 7<V= @V2=O 3;V:>35=C B0 

&�� C 35?0B>F8B0E ?VA;O A?>6820==O <0@30@8=C ad libitum, 0;5 C A0<>: <8 

?><VB8;8 B5=45=FVN 4> 7=865==O @V2=O 3;V:>35=C (@8A. 6.2 �) B0 7@>AB0==O @V2=O 

&�� (@8A. 6.2 �).  
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$V25=ь 3;V:>35=C <>65 7=86C20B8Aь 2 @57C;ьB0BV 3;V:>35=>;V7C ?V4 2?;82>< 

3;V:>35=D>AD>@8;078. �:B82=VABь >AB0==ь>W <>65 ?V428IC20B8Aь ?V4 4VєN 

:>@B87>;C, O: 2V4?>2V4ь =0 AB@5A, B@02<C, 01> ?@8 FC:@>2><C 4V015BV [278]. Gomez-

Muñoz et al. (1991) ?><VB8;8, I> =5=0A8G5=V �� <>6CBь ?V4A8;N20B8 @>7?04 

3;V:>35=C 2 35?0B>F8B0E [278]. �> A:;04C <0@30@8=C B56 2E>4OBь =5=0A8G5=V ��. 

*5 <>3;> 28:;8:0B8 B5=45=FVN 4> 7=865==O @V2=O 3;V:>35=C 2 =0H><C 

5:A?5@8<5=BV. �=865==O 2<VABC 3;V:>35=C <>3;> A?@8OB8 28=8:=5==N B5=45=FVW 4> 

71V;ьH5==O @V2=O 3;N:>78 C ?5GV=FV A0<>: (@8A. 6.2 �), I> =0B><VABь AB0;> 

?@8G8=>N 71V;ьH5==O 0:B82=>ABV D5@<5=BV2 3;V:>;V7C (@8A. 6.3). &0:>6 1C;> 

28O2;5=>, I> 4>4020==O <0@30@8=C 4> W6V 7=86Cє 0:B82=VABь �6(�� (@8A. 5.2 �) C 

A0<>: <8H59, I> A2V4G8Bь ?@> ?@83=VG5==O @>1>B8 #(,. ":@V< Fь>3>, C ?5GV=FV 

A0<>: A?>AB5@V30;0AO V=B5=A8DV:0FVO "%. *5 <>65 A2V4G8B8 ?@> @0==N AB04VN 

@>728B:C <5B01>;VG=8E ?>@CH5=ь C ?5GV=FV A0<>: 70 C<>2 A?>6820==O <0@30@8=C 

?@>BO3>< G>B8@ь>E <VAOFV2. 

%?>6820==O ��$ B56 ?V4A8;N20;> 3;V:>;V7 C ?5GV=FV 4>A;V4=8E B20@8= 

H;OE>< ?V428I5==O 0:B82=>ABV ((� B0 #� (@8A. 6.3). /: V ?VA;O A?>6820==O 

<0@30@8=C 157 ��$, A0<:8 <0;8 =86G89 @V25=ь 3;V:>35=C 2 ?5GV=FV (@8A. 6.2 �). 

&0:>6 <8 ?><VB8;8, I> ?VA;O A?>6820==O ��$, 2<VAB 7030;ь=>3> E>;5AB5@>;C 2 

35?0B>F8B0E 7=0G=> 7=8782AO (@8A. 6.2 �), ?@>B5 @V2=V 3;N:>78 B0 &�� 1C;8 2 

<560E :>=B@>;ь=8E 7=0G5=ь (@8A. 6.2 �, 6.2 �).  

' ?;07<V :@>2V A0<>: <8 A?>AB5@V30;8 =86G89 @V25=ь 3;N:>78, =V6 2 V=H8E 

3@C? B20@8= (@8A. 6.1 �). *5 ?V4B25@46Cє 4>A;V465==O =0 <>45;V :@>;V2 7 4V015B><, 

45 1C;> 28O2;5=>, I> >;VO @><0H:8 7=86Cє @V25=ь 3;N:>78 B0 7030;ь=>3> 

E>;5AB5@>;C 2 :@>2V G8< 70?>1V30є @>728B:C 4V015B8G=8E CA:;04=5=ь [279]. 

�024O:8 7=865==N @V2=O 3;N:>78 2 :@>2V, ��$ ?@872>48Bь 4> 7<5=H5==O �(�, V 

70157?5GCє ?V4B@8<0==O 10;0=AC <V6 �(� V 0=B8>:A840=B=>N A8AB5<>N [279].  

' =0H><C 28?04:C ��$ ?V428IC202 0:B82=VABь B0:8E 0=B8>:A840=B=8E 

D5@<5=BV2, O: %"� (@8A. 5.2 �) V :0B0;070 (@8A. 5.2 �), C ?5GV=FV A0<FV2. � B>9 65 

G0A, 2V= =5 2?;8=C2 =0 2<VAB #�, 0465 W60 7 <0@30@8=>< >:@5<> B56 =5 <0;0 

7=0G=>3> 2?;82C =0 @V25=ь #� C 35?0B>F8B0E A0<FV2 (@8A. 5.1 �).  
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%0<:8, O:8< 4> W6V 7 <0@30@8=>< 4>4020;8 ��$, ?>:070;8 ?>:@0I5==O 

10;0=AC <V6 CB2>@5==O< B0 45B>:A8:0FVєN �(�. "B65, C =8E =0 D>=V =86G>3> 

@V2=O 3;N:>78 2 :@>2V (@8A. 6.1 �), @V25=ь #� (@8A. 5.1 �) B0 0=B8>:A840=B=8E 

D5@<5=BV2 (@8A. 5.2) 1C2 C <560E :>=B@>;ь=8E 7=0G5=ь. *5 ?V4B25@46Cє 70E8A=89 

5D5:B ��$ ?@8 "%. 

#VA;O 70AB>AC20==O �+� 0:B82=VABь ((� B0 #� 1C;0 2 <560E :>=B@>;ь=8E 

7=0G5=ь (@8A. 6.3), I> A2V4G8Bь ?@> =>@<0;ь=89 ?5@51V3 3;V:>;V7C. �0 C<>2 

3>;>4C20==O 70?0A8 3;V:>35=C, I> 715@V30NBьAO 2 ?5GV=FV, ?>ABC?>2> 

28A=06CNBьAO, I>1 ?V4B@8<0B8 DV7V>;>3VG=89 @V25=ь 3;N:>78 2 :@>2V. �=865==O 

:V;ь:>ABV 3;V:>35=C 28:;8:0є 7<V=C <5B01>;VG=>W 0:B82=>ABV ?5GV=:8, I> 

?@872>48Bь 4> ?5@5B2>@5==O =0:>?8G5=8E &�� C 3;N:>7C H;OE>< 3;N:>=5>35=57C 

[280].  

 8 B56 A?>AB5@V30;8 7=865==O @V2=O 3;V:>35=C 2 ?5GV=FV A0<FV2, 0;5 =5 C 

A0<>: (@8A. 6.2 �). �0 B0:8E C<>2 A0<FV, O:V E0@GC20;8AO G5@57 45=ь, <0;8 28I89 

@V25=ь 3;N:>78 (@8A. 6.1 �) B0 =86G89 @V25=ь &�� (@8A. 6.1 �) 2 ?;07<V, =V6 

:>=B@>;ь=0 3@C?0. *5 <>65 A2V4G8B8 ?@> B5, I> 0:B82CєBьAO ?@>F5A :0B01>;V7<C 

&�� 2 ?;07<V, 0 ?@>4C:B8 WE @>7?04C 28:>@8AB>2CNBьAO 4;O A8=B57C 3;N:>78.  

*V @57C;ьB0B8, @07>< V7 ?V428I5=8< @V2=5< &�� C ?5GV=FV (@8A. 6.2 �), 

A2V4G0Bь ?@> ?>@CH5==O @>1>B8 35?0B>F8BV2, V <>6CBь 1CB8 >7=0:>N 

V=AC;V=>@578AB5=B=>ABV B0 !��)# [276]. !530B82=89 2?;82 ?5@V>48G=>3> 

3>;>4C20==O A?>AB5@V30;8 @0=VH5 [281]. �>A;V465==O Cerqueira et al. (2011) 

28O28;8, I> ?5@V>48G=5 3>;>4C20==O ?@872>48Bь 4> ?>@CH5==O B>;5@0=B=>ABV 4> 

3;N:>78, B0 7=0G=> 71V;ьHCє H284:VABь 282V;ь=5==O �(�. 

!0C:>2FV AB25@46CNBь, I> 4>23>B@820;V F8:;8 3>4C20==O/3>;>4C20==O 

<>6CBь 1CB8 D0:B>@>< @878:C 2V:>2>3> >68@V==O B0 V=AC;V=>@578AB5=B=>ABV, I> 

?@872>48Bь 4> 4V015BC [281].  >6;82>, B0:V 7<V=8 C A0<FV2 ?>2'O70=V 7 1V;ьH8< 

A?>6820==O< W6V 2 4=V 3>4C20==O, B0 =87ь:>N 740B=VABN ?5@5=>A8B8 25;8:C 

:V;ь:VABь <0@30@8=C 2 @0FV>=V. � >3;O4C =0 B5, I> <8 =5 4>A;V46C20;8 2?;82 

E0@GC20==O =0 @V25=ь V=AC;V=C, <8 =5 <>65<> AB25@46C20B8 ?@> @>728B>: 

V=AC;V=>@578AB5=B=>ABV C B20@8=.  8 ?5@5410G0є<>, I> A0<FV =0 @568<V �+� 
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28:>@8AB>2C20;8 3;V:>35= 4;O 5=5@35B8G=8E ?>B@51 C 4=V 3>;>4C20==O, I> 

?@8725;> 4> :><?5=A0B>@=>W 2V4?>2V4V C 283;O4V 1V;ьH>3> =0:>?8G5==O &��. !0 

@8A. 6.4 =02545=> C7030;ь=NNGC AE5<C 2?;82C 4>A;V4=8E 284V2 E0@GC20==O =0 

5=5@35B8G=89 <5B01>;V7< ?5GV=:8 A0<FV2 <8H59. 

 

 

 

$8A. 6.4. %E5<0 2?;82C 4>A;V4=8E 4VєB =0 <5B01>;VG=V ?@>F5A8 C ?5GV=FV 

A0<FV2. +5@2>=8< :>;ь>@>< 2:070=> 2?;82 W6V 7 <0@30@8=>< ad libitum, 75;5=8< 3 

E0@GC20==O 7 4>4020==O< <0@30@8=C B0 2V420@>< @><0H:8 (��$), ?><0@0=G528< 3 

5D5:B 3>;>4C20==O G5@57 45=ь =0 B;V <0@30@8=-2<VA=>W W6V (�+�). 1,3�(� 3 1,3-

48D>AD>3;VF5@0B; 2(� 3 2-D>AD>3;VF5@0B; 3(� 3 3-D>AD>3;VF5@0B; ��( 3 

045=>78=48D>AD0B; ��>�-A8=B070 3 0F5B8;-�>�-A8=B070; �&( 3 

045=>78=B@8D>AD0B; �1( 3 3;N:>7>-1-D>AD0B; �1('& 3 3;N:>7>-1-

D>AD0BC@848;B@0=AD5@070; (1,6�(-070 3 D@C:B>7>-1,6-48D>AD0B070; �6( 3 

3;N:>7>-6-D>AD0B; �6(-070 3 3;N:>7>-6-D>AD0B070; �6(� 3 3;N:>7>-6-

D>AD0BV7><5@070; ��3( 3 3;VF5@0;ь453V4-3-D>AD0B; ��3(�� 3 3;VF5@0;ь453V4-3-

D>AD0B453V4@>35=070; ��( 3 3C0=>78=48D>AD0B; �� 3 35:A>:V=070; �&( 3 

3C0=>78=B@8D>AD0B; �( 3 3;VF5@>;-3-D>AD0B; �(-070 3 3;V:>35=D>AD>@8;070; 
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�(�� 3 3;VF5@>;-3-D>AD0B453V4@>35=070; ��� 3 480F8;3;VF5@848; ���( 3 

483V4@>:A80F5B>=D>AD0B; �� 3 68@=V :8A;>B8; !�� (!��!) 3 

=V:>B8=0<V4045=V=48=C:;5>B84 >:8A;5=89 (2V4=>2;5=89); "� 3 >:A0;>0F5B0B; 

#��� 3 ?V@C20B453V4@>35=07=89 :><?;5:A; #� 3 ?V@C20B:V=070; #�� 3 

?V@C20B:0@1>:A8;070; &�� 3 B@80F8;3;VF5@848; &(� 3 B@V>7>D>AD0BV7><5@070; 

'�(� 3 '�(-3;N:>70; (1,6�( 3 D@C:B>7>-1,6-48D>AD0B; (6( 3 D@C:B>7>-6-

D>AD0B; (�� 3 D>AD>3;VF5@0B:V=070; (��  3 D>AD>3;VF5@><CB070; (�  3 

D>AD>3;N:><CB070; (�(� 3 D@C:B>7>-1,6-48D>AD0B0;ь4>;070; (�# 3 

D>AD>5=>;?V@C20B; (�#�� 3 D>AD>5=>;?V@C20B:0@1>:A8:V=070; ((� 3 

D>AD>D@C:B>:V=070; *&� 3 F8:; B@8:0@1>=>28E :8A;>B. 

 

$8A. 6.5 45<>=AB@Cє 7<V=8 <5B01>;V7<C, O:V 2V41C;8AO C A0<>: 4>A;V4=8E 

<8H59 ?VA;O A?>6820==O @0FV>=V2 7 <0@30@8=><, ��$ B0 �+�.  0@30@8= ad libitum 

V=B5=A8DV:C202 3;V:>;V7 C 35?0B>F8B0E A0<>:. &0:>6 B0:89 @568< E0@GC20==O 

28:;8:02 B5=45=FVW 4> 7=865==O @V2=O 3;V:>35=C B0 71V;ьH5==O @V2=O 3;N:>78 B0 

&�� C ?5GV=FV F8E B20@8= (=0 @8A. 6.5 ?>7=0G5=> G5@2>=8<8 HB@8E>28<8 ;V=VO<8). 

*5 <>65 A2V4G8B8 ?@> ?>G0B:>2C AB04VN @>728B:C  %.  

%?>6820==O ��$ V=B5=A8DV:C20;> ?>G0B:>2C AB04VN 3;V:>;V7C, I> <>3;> 

A?@8OB8 3;N:>35=>;V7C. #@> F5 A2V4G8Bь =86G89 @V25=ь 3;V:>35=C 2 35?0B>F8B0E 

A0<>: ?VA;O E0@GC20==O 7 4>4020==O< ��$. &0:>6 1C;> 28O2;5=> B5=45=FVN 4> 

7=865==O @V2=O E>;5AB5@>;C 2 ?5GV=FV F8E B20@8= (=0 @8A. 6.5 ?>7=0G5=> 75;5=8<8 

HB@8E>28<8 ;V=VO<8). #VA;O 70AB>AC20==O �+� A?>AB5@V30;8 28I89 @V25=ь 

3;N:>78 2 ?5GV=FV A0<>:, ?@>B5 V=B5=A82=VABь 3;V:>;V7C =5 7@>A;0, B0 =5 

A?>AB5@V30;>Aь =0:>?8G5==O &��, 0 B0:>6 7<V=8 @V2=O 3;V:>35=C. �030;>< 

>B@8<0=V @57C;ьB0B8 A2V4G0Bь ?@> ?@>B5:B>@=89 5D5:B ��$ B0 �+� C ?5GV=FV 

A0<>: 70 C<>2 A?>6820==O <0@30@8=C.  
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$8A. 6.5. %E5<0 2?;82C 4>A;V4=8E 4VєB =0 <5B01>;VG=V ?@>F5A8 C ?5GV=FV 

A0<>:. +5@2>=8< :>;ь>@>< 2:070=> 2?;82 W6V 7 <0@30@8=>< ad libitum, 75;5=8< 3 

E0@GC20==O 7 4>4020==O< <0@30@8=C B0 2V420@>< @><0H:8 (��$), ?><0@0=G528< 3 

5D5:B 3>;>4C20==O G5@57 45=ь =0 B;V <0@30@8=-2<VA=>W W6V (�+�). 1,3�(� 3 1,3-

48D>AD>3;VF5@0B; 2(� 3 2-D>AD>3;VF5@0B; 3(� 3 3-D>AD>3;VF5@0B; ��( 3 

045=>78=48D>AD0B; ��>�-A8=B070 3 0F5B8;-�>�-A8=B070; �&( 3 

045=>78=B@8D>AD0B; �1( 3 3;N:>7>-1-D>AD0B; �1('& 3 3;N:>7>-1-

D>AD0BC@848;B@0=AD5@070; (1,6�(-070 3 D@C:B>7>-1,6-48D>AD0B070; �6( 3 

3;N:>7>-6-D>AD0B; �6(-070 3 3;N:>7>-6-D>AD0B070; �6(� 3 3;N:>7>-6-

D>AD0BV7><5@070; ��3( 3 3;VF5@0;ь453V4-3-D>AD0B; ��3(�� 3 3;VF5@0;ь453V4-3-

D>AD0B453V4@>35=070; ��( 3 3C0=>78=48D>AD0B; �� 3 35:A>:V=070; �&( 3 

3C0=>78=B@8D>AD0B; �( 3 3;VF5@>;-3-D>AD0B; �(-070 3 3;V:>35=D>AD>@8;070; 

�(�� 3 3;VF5@>;-3-D>AD0B453V4@>35=070; ��� 3 480F8;3;VF5@848; ���( 3 

483V4@>:A80F5B>=D>AD0B; �� 3 68@=V :8A;>B8; !�� (!��!) 3 

=V:>B8=0<V4045=V=48=C:;5>B84 >:8A;5=89 (2V4=>2;5=89); "� 3 >:A0;>0F5B0B; 

#��� 3 ?V@C20B453V4@>35=07=89 :><?;5:A; #� 3 ?V@C20B:V=070; #�� 3 

?V@C20B:0@1>:A8;070; &�� 3 B@80F8;3;VF5@848; &(� 3 B@V>7>D>AD0BV7><5@070; 
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'�(� 3 '�(-3;N:>70; (1,6�( 3 D@C:B>7>-1,6-48D>AD0B; (6( 3 D@C:B>7>-6-

D>AD0B; (�� 3 D>AD>3;VF5@0B:V=070; (��  3 D>AD>3;VF5@><CB070; (�  3 

D>AD>3;N:><CB070; (�(� 3 D@C:B>7>-1,6-48D>AD0B0;ь4>;070; (�# 3 

D>AD>5=>;?V@C20B; (�#�� 3 D>AD>5=>;?V@C20B:0@1>:A8:V=070; ((� 3 

D>AD>D@C:B>:V=070; *&� 3 F8:; B@8:0@1>=>28E :8A;>B. 
 

6.3. �?;82 4>A;V4=>3> E0@GC20==O =0 @V25=ь B@80F8;3;VF5@84V2 C 

@V7=8E >@30=0E <8H59 

 

%?>6820==O W6V 7 28A>:8< 2<VAB>< 68@C <>65 28:;8:0B8 ?V428I5=5 

=0:>?8G5==O ;V?V4V2 C @V7=8E >@30=0E. &0:5 =0:>?8G5==O 740B=5 ?>@CHC20B8 

10;0=A <V6 ;V?>35=57>< B0 ;V?>;V7><, I> 2545 4> ?V428I5=>3> >:8A;5==O ;V?V4V2 

[235]. !0 @8A. 6.6 � ?@54AB02;5=> 2<VAB &�� C =8@:0E 4>A;V4=8E B20@8=. 

%?>6820==O <0@30@8=C ad libitum, 0 B0:>6 4>4020==O ��$ 7=0G=> =5 2?;8=C;> =0 

@V25=ь 70?0A=8E ;V?V4V2 C Fь><C >@30=V. #VA;O �+� ;8H5 C A0<FV2 @V25=ь &�� 1C2 

=0 42% =86G89, =V6 C B20@8=, O:V A?>6820;8 <0@30@8= ?>ABV9=>.  

' A5@FV B20@8= 4>AB>2V@=V 7<V=8 A?>AB5@V30;8 ;8H5 C A0<>: (@8A. 6.6 �). 

$V25=ь &�� ?VA;O A?>6820==O <0@30@8=C ad libitum C =8E 1C2 =0 41% <5=H8<, =V6 

C :>=B@>;ь=>W 3@C?8. #VA;O 4>4020==O ��$ F59 ?>:07=8: C A0<>: ?>25@=C2AO 4> 

@V2=O :>=B@>;ь=8E 7=0G5=ь, B0 1C2 =0 60% 28I8<, =V6 C 3@C?8, I> A?>6820;0 

<0@30@8= 157 ��$. 

"B@8<0=V @57C;ьB0B8 A2V4G0Bь, I> 71V;ьH5==O @V2=O #� 2 >@30=0E B20@8= 

?VA;O A?>6820==O <0@30@8=C =5 ?>2'O70=> V7 =0:>?8G5==O< ;V?V4V2. /: <8 

2AB0=>28;8, C =8@:0E A0<>: ?VA;O A?>6820==O <0@30@8=C ad libitum 2<VAB #� 1C2 

28A>:8<, ?@>B5 @V25=ь &�� =5 7<V=82AO. &0:>6 <8 =5 A?>AB5@V30;8 71V;ьH5==O 

@V2=O &�� C A5@FV. *5 <>65 A2V4G8B8 ?@> B5, I> FV >@30=8 <5=H5 @503CNBь =0 

A?>6820==O ���, 0 ?>H:>465==O B0 ?>@CH5==O <5B01>;V7<C 2 =8E 28=8:0NBь 

?V7=VH5, =V6 C ?5GV=FV.  

 



133 
 

%4@JV %4@><
0

1

2

3

4

5
&�
�,

 @
7/7

.E
.@

.
!<D><

✱✱

%4@JV %4@><
0

1

2

3

&�
�,

 @
7/7

.E
.@

.

%9DJ9

✱ ✱✱

� �

КBAтрB?ь МаргариA МаргариA+��Р МаргариA+�Ч�

 

 

$8A. 6.6. �<VAB B@80F8;3;VF5@84V2 (&��) C =8@:0E (�) B0 A5@FV (�) 

4>A;V4=8E <8H59. ��$ 3 2>4=89 2V420@ @><0H:8; �+� 3 3>;>4C20==O G5@57 45=ь. 

*#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 :>=B@>;ь=>W 3@C?8, Df0,05. **#>:07=8: 

4>AB>2V@=> 2V4@V7=OєBьAO 2V4 3@C?8, I> A?>6820;0 <0@30@8= ad libitum, Df0,05. 

�0=V ?@54AB02;5=V O: M ± SEM, n=6. 

 

  



134 
 

$"���� 7. '�����Ь!�!!/ $��'�Ь&�&�� ��%#�$� �!&' � 
�"����!!/   �$��$�!', �����$' $" �,�� &� 

��%&"%'��!!/  #�$�"��+!"�" �"�"�'��!!/ 

 

/: 2V4><>, A?>6820==O ��� 28:;8:0є @>728B>: ?>@CH5=ь <5B01>;V7<C 

@V7=>3> ABC?5=O, I> =040;V ?@872>48Bь 4> >68@V==O, V=AC;V=>@578AB5=B=>ABV, 

FC:@>2>3> 4V015BC B0 %%� [1, 2, 6, 41]. �0 @>728B:C F8E AB0=V2 C >@30=0E B0 

B:0=8=0E =0 1V>EV<VG=><C @V2=V <>6=0 A?>AB5@V30B8 @>728B>: 70?0;5==O, "%, 0 

B0:>6 ?>@CH5==O ?@>F5AV2 0=01>;V7<C B0 :0B01>;V7<C 70?0A=8E <5B01>;VBV2. ' FV9 

@>1>BV <8 E>BV;8 4>A;V48B8, G8 W60 71030G5=0 <0@30@8=>< 28:;8:0B8<5 ?>@CH5==O 

2 >@30=V7<V <8H59. �V4><>, I> A?>6820==O W6V 7 28A>:8< 2<VAB>< ?>;VD5=>;V2, 

7>:@5<0 ��$ [15, 22], B0 70AB>AC20==O ?5@V>48G=>3> 3>;>4C20==O [27, 29, 158] 

<>6CBь 7=86C20B8 @V25=ь 70?0;5==O B0 "%, 0 B0:>6 ?>:@0IC20B8 <5B01>;V7< 

3;N:>78. &><C, <8 28@VH8;8 70AB>AC20B8 ��$ B0 �+� O: ?>B5=FV9=V :><?>=5=B8 

E0@GC20==O, I> 7<>6CBь 70?>1V3B8 01> ?><’O:H8B8 @>728B>: ?>@CH5=ь, 

>B@8<0=8E 2 @57C;ьB0BV 4>23>B@820;>3> A?>6820==O <0@30@8=C. 

$57C;ьB0B8, O:V <8 >B@8<0;8, A2V4G0Bь ?@> B5, I> A0<FV B0 A0<:8 <8H59 ?> 

@V7=><C @503CNBь =0 A?>6820==O 4>A;V4=>3> E0@GC20==O (@8A. 7.1).  8 28O28;8, 

I> ?VA;O A?>6820==O <0@30@8=C ad libitum ?@8@VAB <0A8 BV;0 1C2 28I8< ;8H5 C 

A0<>:. !5 72060NG8 =0 B5, I> <0@30@8= 7=8782 V=B5=A82=VABь A?>6820==O W6V C 

B20@8= >1>E AB0B59, ?@8 G><C A0<:8 W;8 <5=H5, =V6 A0<FV. "AB0==V >B@8<C20;8 

1V;ьH5 :0;>@V9 2V4 W6V, =V6 :>=B@>;ь=0 3@C?0. %0<:8 7030;>< A?>6820;8 ABV;ь:8 6 

5=5@3VW, O: V :>=B@>;ь=V B20@8=8. #@>B5 2>=8 >B@8<C20;8 1V;ьH5 :0;>@V9 2V4 

<0@30@8=C, =V6 A0<FV. "B65, A0<:8 =04020;8 1V;ьHC ?5@5203C <0@30@8=C, =V6 

A0<FV. &0:>6 C =8E A?>AB5@V30;8 =86G5 A?>6820==O 2>48, =V6 2 :>=B@>;ь=V9 

3@C?V. !5 72060NG8 =0 A8;ь=VH89 ?@8@VAB <0A8 C A0<>:, � & B0 V=45:A >68@V==O 

�V 1C;8 C <560E DV7V>;>3VG=8E 7=0G5=ь, I> A2V4G8Bь ?@> 2V4ACB=VABь 2848<8E 

>7=0: >68@V==O. #@>B5, @57C;ьB0B8 1V>EV<VG=8E 4>A;V465=ь ?>:070;8 =87:C 

<5B01>;VG=8E ?>@CH5=ь. !0 @8A. 7.1 7<V=8 28:;8:0=V W65N 7 <0@30@8=>< ad 

libitum, ?>7=0G5=V @>6528< :>;ь>@><. 
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$8A. 7.1. �?;82 W6V 7 4>4020==O< <0@30@8=C, ��$ B0 �+� =0 1V>EV<VG=V 

7<V=8 2 :@>2V, 68@>2V9 B:0=8=V, ?5GV=FV, =8@:0E, A5@FV B0 :>@V 3>;>2=>3> <>7:C 

4>A;V4=8E B20@8=. $>6528< :>;ь>@>< ?>7=0G5=> 7<V=8, O:V 2V41C;8AO 2 >@30=V7<V 



136 
 

B20@8=, O:V A?>6820;8 <0@30@8= ad libitum, 75;5=8< 3 ?VA;O 4>4020==O< 2V420@C 

@><0H:8 (<0@30@8=+��$), 1;0:8B=8< 3 ?VA;O A?>6820==O W6V G5@57 45=ь 

(<0@30@8=+�+�). �# 3 3;NB0BV>=?5@>:A84070; �S& 3 3;NB0BV>=-S-B@0=AD5@070; ��-

1³ 3 V=B5@;59:V=-1³;  #" 3 <Vє;>?5@>:A84070; "% 3 >:A840B82=89 AB@5AA; #� 3 

?V@C20B:V=070; #"! 3 ?0@0>:A>=070; &�� 3 B@80F8;3;VF5@848; ((� 3 

D>AD>D@C:B>:V=070. ↑ 3 ?>7=0G0є 4>AB>2V@=5 7@>AB0==O ?>:07=8:0 =0 2V4?>2V4=><C 

284V E0@GC20==O. ↓ 3 ?>7=0G0є 4>AB>2V@=5 7=865==O ?>:07=8:0 =0 2V4?>2V4=><C 

284V E0@GC20==O.  

 

' ?;07<V :@>2V A0<FV2 @V25=ь &�� 1C2 =86G8<, =V6 2 :>=B@>;ь=V9 3@C?V, I> 

A2V4G8Bь ?@> ?>@CH5==O ;V?V4=>3> >1<V=C. &0:>6 A0<FV <0;8 =57=0G=5 

?V428I5==O @V2=O ?0;8G:>O45@8E =59B@>DV;V2. #@8 Fь><C 0:B82=VABь  #" 1C;0 2 

<560E :>=B@>;ь=8E 7=0G5=ь, I> <>65 A2V4G8B8 ?@> <V3@0FVN F8E :;VB8= 4> A09BC 

70?0;5==O 2 B:0=8=V G8 >@30=V.  

!0 @8A. 7.2 G5@2>=8< :>;ь>@>< 7>1@065=> <5E0=V7< 2?;82C <0@30@8=C 2 

>@30=V7<V A0<FV2. )>G0 C B20@8= =5 A?>AB5@V30;8 71V;ьH5==O <0A8 BV;0, C 68@>2V9 

B:0=8=V A0<FV2 @V25=ь #� 1C2 28I89, I> є <0@:5@>< "% 2 048?>F8B0E. /: 

AB25@46Cє Furukawa et al. (2017), "% C 68@>2V9 B:0=8=V <>65 28=8:0B8 =0 @0==VE 

AB04VOE  %, B0 1CB8 ?@8G8=>N CB2>@5==O ?@>70?0;ь=8E F8B>:V=V2 [240].  

' =0H><C 28?04:C 1C;0 ?><VB=0 B5=45=FVO 4> 71V;ьH5==O @V2=O ��-1³ C 

68@>2V9 B:0=8=V A0<FV2 (=0 @8A. 7.2 ?>7=0G5=> G5@2>=>N HB@8E>2>N AB@V;:>N). 

*5 <>65 ?V4B25@46C20B8 =0O2=VABь 70?0;ь=8E ?@>F5AV2 =0 @0==V9 AB04VW. ' ?5GV=FV 

A0<FV2 <0@30@8= 7=8782 V=B5=A82=VABь "% H;OE>< ?V428I5==O 0:B82=>ABV 

:0B0;078. &0:>6 FO W60 V=B5=A8DV:C20;0 3;V:>;V7 H;OE>< 71V;ьH5==O 0:B82=>ABV 

#� 2 35?0B>F8B0E. *5 70157?5G8;> 2V4ACB=VABь ?><VB=8E 7<V= 2<VABC 3;N:>78 2 

?;07<V :@>2V B0 35?0B>F8B0E.  

�:B82=VABь �# C A5@FV A0<FV2 1C;0 28I>N, I>1 ?V4B@8<0B8 10;0=A <V6 

CB2>@5==O< B0 CB8;V70FVєN �(�, I> ?V4B25@46Cє 2V4ACB=VABь 7@>AB0==O @V2=O #�. 

�C;> 28O2;5=>, I> 4>23>B@820;5 A?>6820==O <0@30@8=C ?V428I8;> V=B5=A82=VABь 

"% C :>@V 3>;>2=>3> <>7:C A0<FV2.  
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$8A. 7.2. #>B5=FV9=89 <5E0=V7< 2?;82C <0@30@8=C >:@5<> (?>7=0G5=> 

G5@2>=8< :>;ь>@><), =0 D>=V 2V420@C @><0H:8 (��$, 75;5=8< :>;ь>@><) B0 70 

C<>2 ?5@V>48G=>3> 3>;>4C20==O (�+�, ?><0@0=G528< :>;ь>@><) =0 @>728B>: 

<5B01>;VG=8E ?>@CH5=ь 2 >@30=V7<V A0<FV2 4>A;V4=8E <8H59. �(� 3 0:B82=V 

D>@<8 :8A=N; ��� 3 2V;ь=V 68@=V :8A;>B8; �(-070 3 3;V:>35=D>AD>@8;070; �& 3 

68@>20 B:0=8=0; �&� 3 5;5:B@>=-B@0=A?>@B=89 ;0=FN3 <VB>E>=4@V9; ��-1³ 3 

V=B5@;59:V=-1³; !��! 3 =V:>B8=0<V4045=V=48=C:;5>B84 2V4=>2;5=89; &�� 3 

B@80F8;3;VF5@848; AMPK 3 AM(-70;56=0 ?@>B5W=:V=070; mTOR 3 <5E0=VAB8G=0 

<VH5=ь 4;O @0?0<VF8=C; NF-κB 3 O45@=89 D0:B>@-κB; Nrf2 3 O45@=89 D0:B>@ 

5@8B@>W4=>3> ?>E>465==O 2; PPAR´ 3 @5F5?B>@, O:89 0:B82>20=89 

?@>;VD5@0B>@>< ?5@>:A8A>< ´. 

 

�>4=89 2V420@ :2VBV2 @><0H:8 ;V:0@Aь:>W =0 B;V E0@GC20==O 7 <0@30@8=>< 

=5 2?;8=C2 =0 7<V=C <0A8 BV;0 A0<FV2 <8H59. &0:89 284 E0@GC20==O ?V428I82 
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V=B5=A82=VABь A?>6820==O W6V B20@8=0<8. #VA;O 26820==O ��$ 2>=0 1C;0 B0:>N 6, 

O: 2 :>=B@>;ь=>W 3@C?8. #@>B5 :V;ь:VABь :0;>@V9, O:V 2>=8 >B@8<0;8, 1C;0 28I>N C 

?>@V2=O==V O: 7 :>=B@>;5<, B0: V 7 3@C?>N, O:0 A?>6820;0 <0@30@8= 157 2V420@C. *5 

?>OA=NєBьAO B8<, I> =0 2V4<V=C 2V4 A0<FV2, O:8< 4>4020;8 <0@30@8= ad libitum, 

A0<FV, O:V ?8;8 ��$, ?>G0;8 A?>6820B8 1V;ьH5 107>2>3> :>@<C. &0:>6 ��$ 

7=86C202 A5@54=є A?>6820==O 2>48 B20@8=0<8 >1>E AB0B59, I>, 2V@>3V4=>, 

?>2’O70=5 V7 A?>6820==O< <0@30@8=C.  

!0 @8A. 7.1 75;5=8< :>;ь>@>< ?>7=0G5=> 1V>EV<VG=V 7<V=8 C ?;07<V :@>2V, 

68@>2V9 B:0=8=V B0 @V7=8E >@30=0E <8H59, O:V ?@>BO3>< G>B8@ь>E <VAOFV2 

A?>6820;8 <0@30@8= 7 ��$. ' ?;07<V :@>2V A0<FV2, O: V ?VA;O A?>6820==O 

<0@30@8=C ad libitum, @V25=ь &�� 1C2 =86G8< 2V4 :>=B@>;ь=>W 3@C?8. #@>B5 ?VA;O 

4>4020==O ��$ C ?;07<V :@>2V A?>AB5@V30;8 B5=45=FVN 4> 7@>AB0==O @V2=O ��-1³. 

&0:>6 C :@>2V 1C2 28I89 @V25=ь <>=>F8BV2, I> <>65 ?V4B25@46C20B8 =0O2=VABь 

?52=8E 70?0;ь=8E ?@>F5AV2, O:V ?@8725;8 4> ?>H:>465==O :;VB8=. �5;5=8< 

:>;ь>@>< =0 @8A. 7.2 ?>7=0G5=> <5E0=V7< 4VW ��$ C >@30=V7<V A0<FV2 =0 D>=V 

A?>6820==O <0@30@8=C. ' 68@>2V9 B:0=8=V A0<FV2, O:V V ?VA;O A?>6820==O 

<0@30@8=C 157 ��$, 1C2 28I89 @V25=ь #�. #@>B5, =0 2V4<V=C 2V4 3@C?8, O:0 W;0 

<0@30@8= ad libitum, @V25=ь ��-1³ 1C2 C <560E :>=B@>;ь=8E 7=0G5=ь. *5 <>65 

A2V4G8B8 ?@> A;01:5 ?><’O:H5==O 70?0;ь=8E ?@>F5AV2 C @57C;ьB0BV 4VW ��$.  

#5GV=:0 A0<FV2 ?@>@503C20;0 B0: A0<>, O: V C 3@C?8 B20@8=, O:V A?>6820;8 

<0@30@8= 157 ��$ 3 7<5=H5==O< V=B5=A82=>ABV "% B0 ?V428I5=>N 0:B82=VABN 

3;V:>;VB8G=8E D5@<5=BV2. ' =8@:0E ?VA;O A?>6820==O ��$ 0:B82=VABь �# 1C;0 

28I>N, I> 7C<>2;N20;> 0=B8>:A840=B=89 5D5:B. !5 72060NG8 =0 B5, I> 2 A5@FV 

B56 1C;0 28A>:0 0:B82=VABь �#, C =ь><C A?>AB5@V30;8 "%, 0465 @V25=ь #� 

70;8H82AO 28A>:8<. "B65, ��$ <0є A;01:89 70E8A=89 2?;82 =0 >@30=V7< A0<FV2, 

0;5 28:;8:0є @>728B>: "% C A5@FV. &0:V 5D5:B8 <>6CBь 1CB8 ?>2’O70=V 7 B8<, I> 

26820==O <0@30@8=C >:@5<> =5 28:;8:0;> 2V4GCB=8E 7<V= C <5B01>;V7<V A0<FV2. 

$568< �+� 4;O A0<FV2 1C2 1V;ьH H:V4;828<, =V6 A?>6820==O <0@30@8=C 

ad libitum. ' =8E A?>AB5@V30;8 1V;ьH89 ?@8@VAB <0A8 BV;0, =V6 C A0<>:, E>G0 

V=45:A8 >68@V==O ;8H0;8AO 2 <560E =>@<8.  8 28O28;8, I> B20@8=8 FVєW 3@C?8 
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<0;8 AE8;ь=VABь 4> ?5@5W40==O C 4=V, :>;8 2>=8 <0;8 4>ABC? 4> W6V. �;5 7030;>< 

O: A0<FV, B0: V A0<:8, A?>6820;8 <5=H5 W6V, =V6 :>=B@>;ь=V B20@8=8. ' B0:89 

A?>AV1 >@30=V7< A0<FV2 :><?5=AC202 2V4ACB=VABь =04E>465==O 4>AB0B=ь>W :V;ь:>ABV 

:0;>@V9 C 4=V 3>;>4C20==O, I> 7C<>28;> =0:>?8G5==O 70?0A=8E 68@V2 C ?5GV=FV.  

�<V=8, O:V 28=8:;8 2 ?;07<V :@>2V, 68@>2V9 B:0=8=V B0 @V7=8E >@30=0E 

<8H59 =0 @568<V �+�, ?>7=0G5=> 1;0:8B=8< :>;ь>@>< =0 @8A. 7.1. !0 @8A. 7.2 

?><0@0=G528< :>;ь>@>< 7>1@065=> C7030;ь=NNGC AE5<C 2?;82C �+� =0 >@30=V7< 

A0<FV2 <8H59. /: 1C;> 73040=> 28I5, B20@8=8 A?>6820;8 1V;ьH5 W6V C 4=V, :>;8 

<0;8 4> =5W 4>ABC?. *5 7C<>28;> 3V?5@B@>DVN 68@>2>W B:0=8=8. �48?>F8B8 

?>G0;8 28@>1;OB8 1V;ьH5 �(� 7024O:8 AB8<C;OFVW >:8A;5==O 3;N:>78 G5@57 

<VB>E>=4@V0;ь=5 48E0==O. �8A>:89 @V25=ь �(� 28:;8:02 0:B820FVN D0:B>@0 

B@0=A:@8?FVW NF-κB. "AB0==V9 7C<>282 28@>1;5==O ?@>70?0;ь=8E F8B>:V=V2. 

�>:@5<0, C ?;07<V :@>2V A0<FV2 1C;0 ?><VB=0 B5=45=FVO 4> 7@>AB0==O @V2=O ��-1³. ' 

:@>2V A0<FV2 1C2 28O2;5=89 ;59:>F8B>7, I> B56 A2V4G8Bь ?@> @>728B>: 70?0;5==O 

2 >@30=V7<V. �:B820FVO NF-κB V=381C20;0 PPAR´. "AB0==V9 70?>1V30є CB2>@5==N 

?@>70?0;ь=8E F8B>:V=V2 B0 ?V428ICє GCB;82VABь :;VB8=8 4> V=AC;V=C. � 

3V?5@B@>D>20=8E 048?>F8B0E ?>3V@HC20;0Aь ?5@540G0 A83=0;C V=AC;V=C. *5 

7C<>28;> ?V428I5==O @V2=O 3;N:>78 C ?;07<V :@>2V A0<FV2. &0:>6 C ?;07<V :@>2V 

A?>AB5@V30;8 7=865==O @V2=O &��.  >6;82>, F5 ?>2’O70=> 7 B8<, I> 3;VF5@>; 

(O:89 CB2>@NєBьAO ?V4 G0A :0B01>;V7<C &��) 28:>@8AB>2CєBьAO 4;O A8=B57C 

3;N:>78 H;OE>< 3;N:>=5>35=57C.  

$578AB5=B=VABь 4> V=AC;V=C <>3;0 V=B5=A8DV:C20B8 ;V?>;V7 [15]. �V;ь=V 

68@=V :8A;>B8, O:V CB2>@8;8AO 2 @57C;ьB0BV Fь>3> ?@>F5AC, B@0=A;>:C20;8AO 2 

?5GV=:C. � 35?0B>F8B0E A0<FV2 1C2 =86G89 @V25=ь 3;V:>35=C B0 28A>:89 2<VAB &��, 

E>G0 V=B5=A82=VABь 3;V:>;V7C 1C;0 B0:0 A0<0, O: V 2 :>=B@>;ь=>W 3@C?8. &0:V 7<V=8 

<>6CBь 1CB8 ?>2’O70=V 7 B8<, I> 70 C<>2 ?5@V>48G=>3> 3>;>4C20==O <5B01>;V7< C 

?5GV=FV ?5@5:;NG0єBьAO =0 A8=B57 70?0A=8E &��, 9<>2V@=> 28:>@8AB>2CNG8 4;O 

Fь>3> 3;V:>35= B0 2V;ь=V 68@=V :8A;>B8, I> B@0=A;>:C20;8AO 7 :@>2V.  

�8A>:89 @V25=ь 3;N:>78 2 :@>2V, 0 B0:>6 7=865==O @V2=O 3;V:>35=C =0 D>=V 

71V;ьH5==O @V2=O &�� C ?5GV=FV є >4=8<8 V7 >7=0: V=AC;V=>@578AB5=B=>ABV B0 
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!��)# [276, 282]. ' ?5GV=FV A0<FV2, 70 C<>2 �+�, =5 1C;> 28O2;5=> "%. �8A>:0 

0:B82=VABь :0B0;078 C 35?0B>F8B0E F8E B20@8= A2V4G8Bь ?@> B5, I> ?V428I5==O 

0:B82=>ABV Fь>3> D5@<5=BC 4>AB0B=ь>, I>1 =59B@0;V7C20B8 �(�.  8 =5 <>65<> 

AB25@46C20B8 ?@> @>728B>: F8E ?0B>;>3V9 C A0<FV2 ?VA;O �+�, 0;5 B0:V @57C;ьB0B8 

A2V4G0Bь ?@> ?>@CH5==O >1<V=C @5G>28= 70 FVєW 4VєB8.  

' =8@:0E A0<FV2 �+� G0AB:>2> 0:B82C202 0=B8>:A840=B=C A8AB5<C, 

?V428ICNG8 0:B82=VABь �#. &0:>6 <8 28O28;8, I> FO 4VєB0 28:;8:0;0 @>728B>: 

"% C A5@FV. �V4><>, I> V=AC;V=>@578AB5=B=VABь <>65 1CB8 >4=VєN V7 >7=0: %%�, 

7>:@5<0 A5@F52>W =54>AB0B=>ABV [283]. &><C <8 22060є<>, I> ?>@CH5==O, O:V 1C;8 

28O2;5=V C ?;07<V :@>2V B0 ?5GV=FV, <>6CBь ?>OA=N20B8 7@>AB0==O V=B5=A82=>ABV 

"% C A5@FV. ' :>@V 3>;>2=>3> <>7:C =5 1C;> 28O2;5=> "%, =0 2V4<V=C 2V4 3@C?8, 

O:0 A?>6820;0 <0@30@8= ?>ABV9=>. *5 <>65 1CB8 ?>OA=5=> 28I>N 0:B82=VABN �#. 

"B65, <>6;82>, �+� =0 D>=V A?>6820==O W6V 7 <0@30@8=>< C A0<FV2 28:;8:0є 

?>O2C A;01:8E >7=0:  %, 0;5 =8@:8 B0 :>@0 3>;>2=>3> <>7:C 70;8H0NBьAO 

70E8I5=8<8 2V4 4VW B0:>3> @568<C E0@GC20==O. 

' A0<>: <8H59, O:V ?@>BO3>< G>B8@ь>E <VAOFV2 A?>6820;8 <0@30@8= ad 

libitum, 1C;8 28O2;5=V A8;ь=VHV ?>@CH5==O, =V6 C A0<FV2. �<V=8 1V>EV<VG=8E 

?>:07=8:V2 C >@30=V7<V A0<>: <8H59 70 Fь>3> B8?C E0@GC20==O ?@>V;NAB@>20=V =0 

@8A. 7.1, B0 ?>7=0G5=V @>6528< :>;ь>@><. ' ?;07<V :@>2V 0:B82=VABь #"! 1C;0 

=86G>N, I> A2V4G8Bь ?@> @>728B>: "% 2 >@30=V7<V. *5 ?V4B25@46CNBь @57C;ьB0B8 

>B@8<0=V C ?5GV=FV, 45 1C2 ?V428I5=89 @V25=ь #� =0 D>=V 2V4ACB=VE 7<V=, 01> 

?V428I5==O 0:B82=>ABV D5@<5=BV2 0=B8>:A840=B=>3> 70E8ABC. *5 3>2>@8Bь ?@> 

A8;ь=89 "% C ?5GV=FV.  

Є 2V@>3V4=VABь, I> A?>6820==O <0@30@8=C 7=878;> @V25=ь 5AB@>35=C 2 

A0<>: <8H59, I> ?>OA=Nє 2V4<V==VABь @V2=O #� <V6 AB0BO<8. $8A. 7.3 V;NAB@Cє 

?>B5=FV9=89 <5E0=V7< 2?;82C 4>A;V4=8E 284V2 E0@GC20==O =0 >@30=V7< A0<>:. 

�<V=8, O:V 28=8:;8 2=0A;V4>: A?>6820==O <0@30@8=C ad libitum, ?>7=0G5=V 

G5@2>=8< :>;ь>@><. %?>6820==O W6V 7 <0@30@8=>< 71V;ьH8;> <0AC BV;0 A0<>:, I> 

<>3;> 1CB8 ?@8G8=>N 3V?5@B@>DVW 68@>2>W B:0=8=8. #@>B5, 0=V 2 ?;07<V :@>2V, 0=V 
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2 048?>F8B0E A0<>:, =5 1C;> 28O2;5=> ?V428I5=>3> @V2=O ?@>70?0;ь=>3> F8B>:V=C 

��-1³.  

' ?5GV=FV A0<>: A?>AB5@V30;8 B5=45=FVN 4> 7@>AB0==O @V2=O 3;N:>78 V &�� 

=0 B;V B5=45=FVW 4> 7=865==O @V2=O 3;V:>35=C.  >6;82>, 26820==O <0@30@8=C 

?V428I8;> 0:B82=VABь 3;V:>35=D>AD>@8;078 (0:B82Cє 3;V:>35=>;V7), I> V 7C<>28;> 

B0:89 5D5:B. &0:>6 1C;> 28O2;5=> ?V428I5=C 0:B82=VABь 3;V:>;VB8G=8E D5@<5=BV2 

(((� B0 #�) C 35?0B>F8B0E A0<>:. $07>< 7 "% F5 A2V4G8Bь ?@> ?>@CH5==O 

=>@<0;ь=>3> DC=:FV>=C20==O ?5GV=:8. 

 

 

 

$8A. 7.3. #>B5=FV9=89 <5E0=V7< 2?;82C E0@GC20==O 7 <0@30@8=>< ad 

libitum, =0 B;V A?>6820==O 2V420@C @><0H:8 (��$) B0 3>;>4C20==O G5@57 45=ь 

(�+�) =0 <5B01>;V7< A0<>: <8H59. +5@2>=8<8 AB@V;:0<8 ?>7=0G5=> 5D5:B 

<0@30@8=C; 75;5=8<8 3 A?>6820==O ��$ =0 B;V W6V 7 <0@30@8=><; ?><0@0=G528<8 

3 �+� =0 B;V A?>6820==O W6V 7 <0@30@8=><. �(� 3 0:B82=V D>@<8 :8A=N; ��� 3 
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2V;ь=V 68@=V :8A;>B8; �(-070 3 3;V:>35=D>AD>@8;070; �& 3 68@>20 B:0=8=0; �&� 

3 5;5:B@>=-B@0=A?>@B=89 ;0=FN3 <VB>E>=4@V9; ��-1³ 3 V=B5@;59:V=-1³; !��! 3 

=V:>B8=0<V4045=V=48=C:;5>B84 2V4=>2;5=89; &�� 3 B@80F8;3;VF5@848; AMPK 3 

AM(-70;56=0 ?@>B5W=:V=070; mTOR 3 <5E0=VAB8G=0 <VH5=ь 4;O @0?0<VF8=C; NF-

κB 3 O45@=89 D0:B>@-κB; Nrf2 3 O45@=89 D0:B>@ 5@8B@>W4=>3> ?>E>465==O 2; 

PPAR´ 3 @5F5?B>@, O:89 0:B82>20=89 ?@>;VD5@0B>@>< ?5@>:A8A>< ´. 

 

�8A>:0 0:B82=VABь 3;V:>;VB8G=8E D5@<5=BV2 <>65 1CB8 ?>2’O70=0 7 

V=381C20==O< AMPK. � @57C;ьB0BV Fь>3> 0:B82CєBьAO H;OE mTOR, O:89 ?>A8;Nє 

V=B5=A82=VABь 3;V:>;V7C [284]. $57C;ьB0B>< Fь>3> є CB2>@5==O 25;8:>W :V;ь:>ABV 

!��!, O:0 <>65 ?>ABC?0B8 4> 5;5:B@>=-B@0=A?>@B=>3> ;0=FN30 <VB>E>=4@V9, V 

B0< 1@0B8 CG0ABь C 35=5@C20==V =04;8H:C �(�.  

":@V< Fь>3>, "% B0:>6 A?>AB5@V30;8 C =8@:0E B0 :>@V 3>;>2=>3> <>7:C 

A0<>:. %5@F5 B20@8= 70;8H0;>Aь 70E8I5=8< 2V4 4VW <0@30@8=C. �>:@5<0, C =ь>3> 

1C;0 =86G0 V=B5=A82=VABь "% B0 @V25=ь &��. "B65, A0<:8 A8;ь=VH5 @503CNBь =0 

4>23>B@820;5 A?>6820==O &!��, =V6 A0<FV. 

%?>6820==O ��$ @07>< 7 <0@30@8=>< 28O28;> ?@>B5:B>@=89 5D5:B 2 

>@30=V7<V A0<>:. !0 @8A. 7.1 75;5=8< :>;ь>@>< ?>7=0G5=> 7<V=8, O:V 28=8:;8 2 

>@30=V7<V F8E B20@8= 70 C<>2 A?>6820==O ��$. $8A. 7.3 V;NAB@Cє ?>B5=FV9=89 

<5E0=V7< 4VW ��$ (7<V=8 ?>7=0G5=V 75;5=8< :>;ь>@><). %?>6820==O ��$ 7 

<0@30@8=>< 70?>1V30;> 3V?5@B@>DVW 68@>2>W B:0=8=8. �V420@ @><0H:8 2V@>3V4=> 

0:B82C202 PPAR´, I> 70?>1V30;> @>728B:C 70?0;5==O B0 ?>:@0I8;> GCB;82VABь 

:;VB8= 4> V=AC;V=C. *5 70?>1V3;> 71V;ьH5==N @V2=O 3;N:>78 2 ?;07<V :@>2V B0 

;V?>;V7C 2 048?>F8B0E.  

' 35?0B>F8B0E ��$ AB8<C;N202 3;V:>35=>;V7, I> <>3;> 1CB8 ?@8G8=>N 

7@>AB0==O 0:B82=>ABV ((�. &0:>6 ��$ 70?>1V302 =0:>?8G5==N &��, 71V;ьH5==N 

@V2=O 3;N:>78 B0 E>;5AB5@>;C 2 ?5GV=FV. �V420@ @><0H:8 70E8I02 35?0B>F8B8 2V4 

V=B5=A8DV:0FVW "%. *5 <>3;> 1CB8 >1C<>2;5=> :V;ь:><0 ?@8G8=0<8: 7=865==O< 

35=5@0FVW �(�, 0:B820FVєN @53C;OB>@0 D0:B>@0 B@0=A:@8?FVW Nrf2 (?>A8;Nє 
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5:A?@5AVN 0=B8>:A840=B=8E B0 ?>2’O70=8E 7 =8<8 D5@<5=BV2) B0 0:B820FVєN 

AMPK (V=381Cє mTOR, I> 70?>1V30є ?>A8;5==N 3;V:>;V7C).  

' =8@:0E A0<>: ��$ 7=8782 0:B82=VABь �S&. *5 28:;8:0;> B5=45=FVN 4> 

7@>AB0==O #� C F8E >@30=0E. #@>B5, @V25=ь #� 2A5 >4=> 1C2 =86G8<, =V6 70 

E0@GC20==O 157 2V420@C, I> B56 <>65 A2V4G8B8 ?@> ?@>B5:B>@=89 2?;82 ��$. 

#>:07=8:8 C A5@FV B0 :>@V 3>;>2=>3> <>7:C A0<>: <8H59 1C;8 2 <560E 

:>=B@>;ь=8E 7=0G5=ь. "B65, ��$ ?@>O2;Oє 0=B8>:A840=B=V 2;0AB82>ABV C A0<>: 

<8H59 B0 <>65 ?><’O:H8B8 =530B82=C 4VN, O:C 28:;8:0є W60 7 <0@30@8=>< ad 

libitum. 

!0 2V4<V=C 2V4 A0<FV2, C A0<>: <8H59 �+� ?@>O28;> 70E8A=89 5D5:B. 

�;0:8B=8< :>;ь>@>< =0 @8A. 7.1 ?@>V;NAB@>20=> 7<V=8, O:V 28=8:;8 2 <8H59 ?VA;O 

A?>6820==O �+�. #>B5=FV9=89 <5E0=V7< 2?;82C �+� 2 >@30=V7<V A0<>: <8H59 

?>:070=> ?><0@0=G528< :>;ь>@>< =0 @8A. 7.3. *59 @568< E0@GC20==O 7=8782 

?@8@VAB <0A8 BV;0 A0<>:. ' ?;07<V :@>2V F8E B20@8= A?>AB5@V30;8 =86GC 0:B82=VABь 

 #", 0 B0:>6 2V4ACB=VABь 7<V= @V2=O ��-1³, I> A2V4G8Bь ?@> 2V4ACB=VABь 

A8AB5<=>3> 70?0;5==O.  

#@>B5, C ?;07<V :@>2V 1C2 =86G89 @V25=ь #"!, I> 3>2>@8Bь ?@> =0O2=VABь 

?>@CH5==O 10;0=AC <V6 ?@>4C:FVєN B0 45B>:A8:0FVєN �(� 2 >@30=V7<V. 

�V4ACB=VABь 70?0;ь=8E ?@>F5AV2 B0:>6 ?V4B25@46CєBьAO 7=865==O< @V2=O ��-1³ 2 

68@>2V9 B:0=8=V A0<>:. #VA;O �+� ?5GV=:0 A0<>: 1C;0 70E8I5=0 2V4 @>728B:C "%. 

*5, 2V@>3V4=>, ?>2’O70=> 7 0:B820FVєN Nrf2 B0 AMPK. #@>B5, 2 35?0B>F8B0E 1C2 

28I8< @V25=ь 3;N:>78, E>G0 @V25=ь 3;V:>35=C, &�� V E>;5AB5@>;C 1C2 C <560E 

:>=B@>;ь=8E 7=0G5=ь.  

/: 2 =8@:0E, B0: V 2 A5@FV A0<>: A?>AB5@V30;8 G0AB:>2C 0:B820FVN 

0=B8>:A840=B=>W A8AB5<8, I> ?@>O2;O;>Aь C ?V428I5=V9 0:B82=>ABV �#. ' :>@V 

3>;>2=>3> <>7:C, O: V ?@8 A?>6820==V <0@30@8=C ?>ABV9=>, 2 A0<>: @>728202AO "%. 

"B65, 70AB>AC20==O ?5@V>48G=>3> 3>;>4C20==O =0 B;V A?>6820==O <0@30@8=C 

70?>1V30;> CB2>@5==N 70?0;5==O, 0 B0:>6 "% C ?5GV=FV, =8@:0E B0 A5@FV A0<>:, 

?@>B5 :>@0 3>;>2=>3> <>7:C ;8H8;0AO GCB;82>N 4> @>728B:C "%. 
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$"���� 8. $��'�Ь&�&� ��%#�$� �!&' �� ��%&"%'��!!/  
���"$��!"�" "� ���!!/ &� �) "��"�"$�!!/ 

 

�V4><>, I> C B20@8= B0 ;N459 2 @57C;ьB0BV AB0@V==O 7<V=NєBьAO H284:VABь 

5=5@35B8G=>3> <5B01>;V7<C B0 >:8A=>-2V4=>2=8E ?@>F5AV2. �030;><, 2V:>2V 

<5B01>;VG=V 7<V=8 <>6CBь 2:;NG0B8: 7<5=H5==O ?@8?;82C :@>2V 4> >@30=V2, I> 

<>65 2?;8=CB8 =0 4>AB02:C :8A=N B0 ?>682=8E @5G>28= 4> =8E, 0 B0:>6 7<V=8 

<5B01>;V7<C 3;N:>78, B0 ?>A8;5==O "% [163, 170, 285]. )>G0 AB0@V==O 2?;820є =0 

2AV >@30=8 V B:0=8=8, 45O:V 7 =8E 22060NBь 1V;ьH 2@07;828<8. �>:@5<0, 

<5B01>;VG=V >7=0:8 AB0@V==O 4>1@5 282G5=V C <>7:C B0 A5@F52>-AC48==V9 A8AB5<V 

[36, 37, 38], ?@>B5 ?5GV=:0 B0 =8@:8 70;8H0NBьAO =54>AB0B=ь> 4>A;V465=8<8, 0465 

2V4><>, I> 2>=8 ?>2V;ь=VH5 @503CNBь =0 2V:>2V 7<V=8 [39, 40]. 

' =0HV9 @>1>BV 1C;> 4>A;V465=> 2?;82 �" =0 <8H59 A5@54=ь>3> B0 

AB0@H>3> 2V:C O: B0:>3> @568<C E0@GC20==O, I> ?>B5=FV9=> <>65 7<5=H8B8 

@>728B>: 2V:>28E ?>@CH5=ь. Ingram & de Cabo (2017) 28O28;8, I> 70AB>AC20==O 

�" ?@>BO3>< 1V;ьH5 =V6 >4=>3> <VAOFO 1C;> 4>AB0B=V< 4;O 4>AO3=5==O 

2V4<V==>ABV <V6 :>3=VB82=8<8 ?>:07=8:0<8 B0 V=H8<8 DV7V>;>3VG=8<8 

?0@0<5B@0<8 <V6 :>=B@>;ь=>N 3@C?>N B0 3@C?>N 7 �" [286]. ' =0H><C 

4>A;V465==V �" B@820;> 2/3 68BBO 4>A;V4=8E B20@8=.  8HV A5@54=ь>3> 2V:C 

?5@51C20;8 =0 @568<V �" ?@>BO3>< H5AB8 <VAOFV2, 0 AB0@H>3> 2V:C 3 ?@>BO3>< 

420=04FOB8. 

 

8.1. �?;82 :0;>@V9=>3> >1<565==O =0 7<V=C V=B5=A82=>ABV 

>:A840B82=>3> AB@5AC 2 <8H59 @V7=>3> 2V:C  
 

/: 2V4><>, ?><V@=5 �" <>65 28:;8:0B8 7<5=H5==O V=B5=A82=>ABV "%. 

"1<565=5 A?>6820==O :0;>@V9 D0:B8G=> 4Vє O: AB@5A>289 D0:B>@ =87ь:>3> @V2=O, 

I> V=4C:Cє <5E0=V7< 70E8ABC 2V4 �(�, 0 B0:>6 ?V428ICє ABV9:VABь 4> AB@5AC [287]. 

$57C;ьB0B8 287=0G5==O #� B0 D5@<5=BV2 0=B8>:A840=B=>3> 70E8ABC 2 ?5GV=FV 

4>A;V4=8E B20@8= =02545=> C B01;. 8.1. $V25=ь #� C 2AVE 5:A?5@8<5=B0;ь=8E 3@C? 
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1C2 ?@0:B8G=> >4=0:>28<, ;8H5 C 3@C?V <8H59 A5@54=ь>3> 2V:C 7 �" A?>AB5@V30;8 

B5=45=FVN 4> 28I>3> @V2=O Fь>3> ?>:07=8:0.  

 

&01;8FO 8.1. 

�?;82 :0;>@V9=>3> >1<565==O (�") =0 ?0@0<5B@8 >:A840B82=>3> AB@5AC 

?5GV=:8 <8H59 @V7=>3> 2V:C. 

#>:07=8: 

 8HV A5@54=ь>3> 2V:C,  

9 <VA. 

 8HV AB0@H>3> 2V:C,  

18 <VA. 

�>=B@>;ь �" �>=B@>;ь �" 

#�,  

<:<>;ь 5:2.�#�/3.A.<. 
463±85 702±153 539±175 583 ± 210 

%"�, "4/<3 1V;:C 122±11 98,7±20,1 76,6±20,7 67,4±3,6 

�0B0;070, "4/<3 1V;:C 280±67 166±11 187±19 277±125 

�#, <"4/<3 1V;:C 375±31 363±33 305±20 303±29 

�S&, "4/<3 1V;:C 3,66±0,38 4,26±0,56 3,20±0,33 2,62±0,36 

�6(��, <"4/<3 1V;:C 5,60±0,41 7,52±0,41* 7,72±1,26# 3,58±1,05*,# 

�0=V ?@54AB02;5=V O:  ±SEM, n=3-6. *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

2V4 2V4?>2V4=>W :>=B@>;ь=>W 3@C?8, Df0,05. ##>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 

<V6 @V7=8<8 2V:>28<8 3@C?0<8 2 <560E >4=>3> 284C E0@GC20==O, Df0,05. 

 

�:B82=VABь 0=B8>:A840=B=8E D5@<5=BV2, B0:8E O: %"�, :0B0;070, �# B0 

�S&, =5 <0;0 AB0B8AB8G=>W 2V4<V==>ABV, =5 72060NG8 =0 B5, I> 0:B82=VABь %"� 

:>=B@>;ь=>W 3@C?8 <8H59 A5@54=ь>3> 2V:C 1C;0 28I>N (B01;. 8.1). �8H5 

0:B82=VABь �6(�� 1C;0 4>AB>2V@=> 28I>N =0 34% C ?5GV=FV <8H59 A5@54=ь>3> 

2V:C, O:V ?5@51C20;8 =0 �", ?>@V2=O=> 4> 2V4?>2V4=>W :>=B@>;ь=>W 3@C?8. ' <8H59 

AB0@H>3> 2V:C, O:V ?5@51C20;8 =0 �", 0:B82=VABь Fь>3> D5@<5=BC 1C;0 =0 54% 

=86G>N, =V6 C :>=B@>;ь=>W 3@C?8. &0:>6 1C;> 28O2;5=>, I> C :>=B@>;ь=8E 

<8H59 AB0@H>3> 2V:C 0:B82=VABь �6(�� 1C;0 28I>N =0 38%, =V6 C <8H59 

A5@54=ь>3> 2V:C, 0 ?VA;O 70AB>AC20==O �" 0:B82=VABь Fь>3> D5@<5=BC 1C;0 =0 52% 

=86G>N, =V6 C 3@C?8 <8H59 A5@54=ь>3> 2V:C =0 �". �V4ACB=VABь 7<V= @V2=O #� B0 
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0:B82=>ABV %"� C ?5GV=FV C73>46CNBьAO 7 Stankovic et al. (2013). *V =0C:>2FV 

B0:>6 =5 28O28;8 7<V= @V2=O  �� B0 0:B82=>ABV %"� C ?5GV=FV IC@V2, 4> O:8E 

70AB>A>2C20;8 �" [287]. �:B82=VABь �6(�� C <8H59 AB0@H>3> 2V:C <>65 

?V428IC20B8Aь C 2V4?>2V4ь =0 "%, O:89 28=8:0є ?@>BO3>< AB0@V==O, G5@57 

?>A8;5=5 28@>1;5==O !��(! [170, 285]. 

!8@:8 B20@8= A5@54=ь>3> 2V:C 28O28;8Aь 1V;ьH GCB;828<8 4> 4VW �". #VA;O 

70AB>AC20==O B0:>3> >1<565==O 2 E0@GC20==V @V25=ь #� C B20@8= A5@54=ь>3> 2V:C 

1C2 =0 63% =86G8<, =V6 C :>=B@>;ь=>W 3@C?8 (@8A. 8.1 �). ' B20@8= AB0@H>3> 2V:C 

B0:>W 2V4<V==>ABV =5 1C;> 28O2;5=>, E>G0 B20@8=8, O:8< 70AB>A>2C20;8 �", <0;8 2 

B@8 @078 28I89 @V25=ь #�, =V6 2V4?>2V4=0 3@C?0 B20@8= A5@54=ь>3> 2V:C (@8A. 8.1 

�). �:B82=VABь �# B0 �S& =5 ?>:070;8 4>AB>2V@=>W @V7=8FV 0=V ?VA;O 70AB>AC20==O 

�", 0=V <V6 @V7=8<8 2V:>28<8 3@C?0<8 (@8A. 8.1 �, �). 
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$8A. 8.1. �<VAB ?5@>:A84V2 ;V?V4V2, #� (�), 0:B82=VABь 

3;NB0BV>=?5@>:A84078, �# (�) B0 3;NB0BV>=-S-0=AD5@078, �S& (�) C =8@:0E <8H59 

@V7=>3> 2V:C, O:8E ?V44020;8 2?;82C :0;>@V9=>3> >1<565==O (�"). *#>:07=8: 

4>AB>2V@=> 2V4@V7=OєBьAO 2V4 2V4?>2V4=>W :>=B@>;ь=>W 3@C?8, Df0,05. ##>:07=8: 

4>AB>2V@=> 2V4@V7=OєBьAO <V6 @V7=8<8 2V:>28<8 3@C?0<8 2 <560E >4=>3> 284C 

E0@GC20==O, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=3-6. 
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#>4V1=> 4> ?5GV=:8 (B01;. 8.1), C =8@:0E <8H59 7 2V:>< A?>AB5@V30;8 

B5=45=FVN 4> 7=865==O 0:B82=>ABV �# B0 �S& (@8A. 8.1 �, �), I> A2V4G8Bь ?@> 

28A=065==O A8AB5<8 0=B8>:A840=B=>3> 70E8ABC 2 >1>E >@30=0E. 

&01;. 8.2 V;NAB@Cє 7<V=C @V2=O #� B0 0:B82=VABь 3;NB0BV>=-70;56=8E 

D5@<5=BV2 C :>@V 3>;>2=>3> <>7:C 4>A;V4=8E B20@8=. /: 1C;> 28O2;5=> 2 

@57C;ьB0BV >1@0EC=:V2 AB0B8AB8G=>3> 0=0;V7C, FV ?0@0<5B@8 =5 <0;8 AB0B8AB8G=>W 

2V4<V==>ABV <V6 :>=B@>;ь=>N B0 4>A;V4=>N 3@C?>N, 0 B0:>6 <V6 B20@8=0<8 

@V7=>3> 2V:C. #@8 Fь><C @V25=ь #� C :>=B@>;ь=V9 3@C?V <8H59 A5@54=ь>3> 2V:C 1C2 

C42VGV 28I8<, =V6 ?@8 �". 

 

&01;8FO 8.2. 

�?;82 :0;>@V9=>3> >1<565==O (�") =0 ?0@0<5B@8 >:A840B82=>3> AB@5AC 

:>@8 3>;>2=>3> <>7:C <8H59 @V7=>3> 2V:C. 

#>:07=8: 

 8HV A5@54=ь>3> 2V:C,  

9 <VA. 

 8HV AB0@H>3> 2V:C,  

18 <VA. 

�>=B@>;ь �" �>=B@>;ь �" 

#�,  

=<>;ь 5:2.�#�/3.A.<. 
529±101 241±123 324±75 328±57 

�#, <"4/<3 1V;:C 177±16 185±15 193±16 201±12 

�S&, <"4/<3 1V;:C 652±58 734±122 646±114 722±85 

�0=V ?@54AB02;5=V O:  ±SEM, n=3-6. 

 

/: 284=> 7 B01;. 8.2, C :>@V 3>;>2=>3> <>7:C 7 2V:>< A?>AB5@V30;8 

B5=45=FVN 4> 71V;ьH5==O 0:B82=>ABV 0=B8>:A840=B=>3> D5@<5=BC �#. *5 

70157?5G8;> =86G89 @V25=ь #� C B20@8= AB0@H>3> 2V:C, =V6 C 452’OB8<VAOG=8E. 

"B65, ?>@V2=O=> 7 ?5GV=:>N B0 =8@:0<8, :>@0 3>;>2=>3> <>7:C 1V;ьH 70E8I5=0 

2V4 4VW �(� 7024O:8 0:B820FVW A8AB5<8 0=B8>:A840=B=>3> 70E8ABC. #5GV=:0 1C;0 

1V;ьH 2@07;82>N 4> ?@>F5AV2 AB0@V==O, I> ?V4B25@46CєBьAO 28I>N 0:B82=VABN 

�6(�� B0 B5=45=FVєN 4> 7=865==O 0:B82=>ABV V=H8E 0=B8>:A840=B=8E D5@<5=BV2 

=0 B;V 28I>3> @V2=O #� (B01;. 8.1). 
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�030;>< =0HV @57C;ьB0B8 A2V4G0Bь ?@> B5, I> C <8H59 A5@54=ь>3> 2V:C, O:V 

?5@51C20;8 =0 �", V=B5=A82=VABь "% 1C;0 <5=H>N, =V6 C <8H59 :>=B@>;ь=>W 

3@C?8. �024O:8 �" C B20@8= 7<5=H8;0Aь :V;ь:VABь ?>H:>465=ь, O:V 28=8:;8 

2=0A;V4>: 4VW �(�, 7024O:8 G><C =5 1C;> ?>B@518 2 ?>A8;5==V 0:B82=>ABV 

0=B8>:A840=B=8E D5@<5=BV2. #>4V1=V @57C;ьB0B8 1C;8 >B@8<0=V @0=VH5 C <8H59, 

O:V ?5@51C20;8 =0 @568<V E0@GC20==O �+�. �>=8 45<>=AB@C20;8 =86GC 

V=B5=A82=VABь "% 157 0:B820FVW 0=B8>:A840=B=>3> 70E8ABC [28]. !5 28:;NG5=>, I> 

�" A?@8O;0 7030;ь=><C 7=865==N 35=5@0FVW �(�, B><C =5 1C;> =5>1EV4=>ABV 

71V;ьHC20B8 ?>B5=FV0; 2V4?>2V4=8E A8AB5< 70E8ABC. $0=VH5 1C;> ?>:070=> 

7=865==O CB2>@5==O �(� 157 0:B820FVW 01> =02VBь 7=865==O 0:B82=>ABV 

0=B8>:A840=B=8E D5@<5=BV2 C @V7=8E B:0=8=0E <8H59 C 2V4?>2V4ь =0 >1<565==O 

4>ABC?C 4> W6V [288]. 

 

8.2. �?;82 :0;>@V9=>3> >1<565==O =0 @V25=ь AC1AB@0BV2 3;V:>;V7C B0 
0:B82=VABь 3;V:>;VB8G=8E D5@<5=BV2 

 
�5:V;ь:0 4>A;V465=ь ?>:070;8, I> �" <>65 ?>78B82=> 2?;820B8 =0 

<5B01>;V7< >:@5<8E >@30=V2 B0 >@30=V7<C 7030;>< [33, 289]. �>:@5<0, �" <>65 

?>:@0IC20B8 CB8;V70FVN 3;N:>78, B0 7<5=HC20B8 V=B5=A82=VABь "% C <>7:C B0 

?5GV=FV [33, 35, 290]. !0H5 4>A;V465==O =5?>2=VABN 2V4?>2V40є ?>?5@54=V<. #VA;O 

70AB>AC20==O �" @V25=ь 2V;ь=>W 3;N:>78 C ?;07<V :@>2V >1>E 2V:>28E 3@C? 1C2 

1V;ьH8<. #@>B5, ;8H5 C B20@8= A5@54=ь>3> 2V:C 1C;> 28O2;5=> 4>AB>2V@=C 

@V7=8FN, @V25=ь Fь>3> ?>:07=8:0 1C2 C 420 7 ?>;>28=>N @078 28I8<, =V6 C 

2V4?>2V4=>W :>=B@>;ь=>W 3@C?8 (@8A. 8.2 �). �V4?>2V4=> 4> Ayala et al. (2010), 

<8HV, 2 ?;07<V :@>2V O:8E @V25=ь 3;N:>78 ?5@528ICє 10 <<>;ь/;, <0NBь 

3V?5@3;V:5<VN [291]. "B65, C =0H><C 28?04:C, 3V?5@3;V:5<VG=8<8 1C;8 B20@8=8 

?VA;O �", 0 B0:>6 B20@8=8 AB0@H>3> 2V:C :>=B@>;ь=>W 3@C?8. ' A2>є<C >3;O4V 

Regan et al. (2020) 707=0G0NBь, I> �", >:@V< ?>4>265==O B@820;>ABV 68BBO, <>65 

7=0G=> ?>A;01;N20B8 V=AC;V=>2C A83=0;V70FVN [292]. 
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$8A. 8.2. �<VAB 2V;ь=>W 3;N:>78 C ?;07<V :@>2V (�) B0 ?5GV=FV (�), 0 B0:>6 

2<VAB 3;V:>35=C 2 ?5GV=FV (�) <8H59 @V7=>3> 2V:C, O:8E ?V44020;8 :0;>@V9=><C 

>1<565==N (�"). *#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 2V4?>2V4=>W :>=B@>;ь=>W 

3@C?8, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=3-6. 

 

' ?5GV=FV B20@8= ?VA;O 70AB>AC20==O �", =02?0:8, @V25=ь 3;N:>78 1C2 

=86G8<, 0;5 AB0B8AB8G=> 203><0 2V4<V==VABь 1C;0 28O2;5=0 B0:>6 ;8H5 C <8H59 

A5@54=ь>3> 2V:C. $V25=ь 3;N:>78 C F8E <8H59 1C2 C B@8 @078 =86G8<, =V6 C 

:>=B@>;ь=V9 3@C?V (@8A. 8.2 �).  8HV A5@54=ь>3> 2V:C, O:V ?5@51C20;8 =0 �", <0;8 

=86G89 2<VAB 3;V:>35=C 2 ?5GV=FV, 0;5 AB0B8AB8G=>W 2V4<V==>ABV =5 1C;> 28O2;5=> 

(@8A. 8.2 �). ' <8H59 AB0@H>3> 2V:C F59 ?>:07=8: 1C2 C <560E :>=B@>;ь=8E 

7=0G5=ь. &0:>6 <8 28O28;8, I> @V25=ь 3;V:>35=C 2 ?5GV=FV :>=B@>;ь=8E B20@8= 7 

2V:>< <02 B5=45=FVN 4> 7=865==O.  

� @57C;ьB0BV B>3>, I> 2<VAB AC1AB@0BV2 3;V:>;V7C 2 ?5GV=FV <8H59 ?VA;O �" 

1C2 =86G8<, C =8E B0:>6 A?>AB5@V30;8 A;01HC V=B5=A82=VABь ?5@51V3C A0<>3> 

3;V:>;V7C. �C;> 28O2;5=>, I> C <8H59 A5@54=ь>3> 2V:C 0:B82=VABь ((� B0 #� 1C2 

=86G8< 2V4 :>=B@>;ь=>W 3@C?8 =0 59% B0 69% 2V4?>2V4=> (@8A. 8.3 � B0 � 

2V4?>2V4=>). ' <8H59 AB0@H>3> 2V:C A?>AB5@V30;8 B5=45=FVN 4> 7=865==O 

0:B82=>ABV ((� ?VA;O 70AB>AC20==O �". *59 ?>:07=8: 1C2 =0 77% 28I8< C 

2VAV<=04FOB8<VAOG=8E B20@8=, =V6 C <8H59 A5@54=ь>3> 2V:C ?VA;O �" (@8A. 8.3 �). 
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$8A. 8.3. �:B82=VABь D>AD>D@C:B>:V=078 (((�) B0 ?V@C20B:V=078 (#�) C 

?5GV=FV <8H59 @V7=>3> 2V:C, O:8E ?V44020;8 :0;>@V9=><C >1<565==N (�"). 

*#>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO 2V4 2V4?>2V4=>W :>=B@>;ь=>W 3@C?8, Df0,05. 

##>:07=8: 4>AB>2V@=> 2V4@V7=OєBьAO <V6 @V7=8<8 2V:>28<8 3@C?0<8 2 <560E 

>4=>3> 284C E0@GC20==O, Df0,05. �0=V ?@54AB02;5=V O: M ± SEM, n=3-6. 

 

!86G0 0:B82=VABь 3;V:>;VB8G=8E D5@<5=BV2, 7>:@5<0 ((�, <>65 1CB8 

?>OA=5=0 28I>N 0:B82=VABN AMPK C ?5GV=FV <8H59, 4> O:8E 70AB>A>2C20;8 �". 

/: 2V4><>, AMPK V=381Cє mTOR, O:89 0:B82Cє 3;V:>;V7 [284]. �8I89 @V25=ь 

3;N:>78 2 :@>2V <8H59 ?VA;O �" C73>46CєBьAO V7 =86G>N 0:B82=VABN ((� 2 

?5GV=FV. *5 A2V4G8Bь ?@> ?>A;01;5==O V=AC;V=>2>W A83=0;V70FVW C F8E B20@8= [170].  

� >4=>3> 1>:C, 3;N:>70 <>65 B@0=A?>@BC20B8AO 7 35?0B>F8BV2 C :@>2, ?@> 

I> A2V4G8Bь =86G89 @V25=ь 3;N:>78 2 ?5GV=FV (@8A. 8.2 �), 0 7 V=H>3> 1>:C, �6(, 

O:89 CB2>@NєBьAO H;OE>< 3;N:>=5>35=57C, <>65 1CB8 704VO=89 C #(,. *5 

?V4B25@46CєBьAO 28I>N 0:B82=VABN �6(�� C ?5GV=FV <8H59 A5@54=ь>3> 2V:C =0 

�" (B01;. 8.1). &0:>6 <8 A?>AB5@V30;8 B5=45=FVN 4> 7=865==O 0:B82=>ABV #� C 

35?0B>F8B0E <8H59 7 2V:><.  

�V4><>, I> 7=865==O 0:B82=>ABV ((� V #� 4>72>;Oє ?5@5=0?@02;OB8 �6( 

=0 #(,, O:89 є 465@5;>< !��(H. !0B><VABь, >AB0==V9 є :>D5@<5=B>< 4;O 

D5@<5=BV2, ?>2'O70=8E 7 0=B8>:A840=B=8< 70E8AB>< [170]. ' =0H><C 4>A;V465==V 
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0:B82=VABь �6(�� 1C;0 28I>N C <8H59 AB0@H>3> 2V:C (B01;. 8.1), I> ?V4B25@46Cє 

?V4A8;5==O V=B5=A82=>ABV #(,. 

"B65, 1C;> 28O2;5=>, I> �" <0є 5D5:B82=VH89 2?;82 70 C<>2 9>3> 

70AB>AC20==O <8H0< A5@54=ь>3> 2V:C. !0 @8A. 8.4 A8=V< :>;ь>@>< ?@54AB02;5=> 

?>B5=FV9=89 <5E0=V7< 4VW �" =0 <8H59 452’OB8<VAOG=>3> (A5@54=ь>3>) 2V:C. #V4 

G0A 4>A;V465==O 1C;> 28O2;5=>, I> �" <>65 ?V428IC20B8 0:B82=VABь AMPK. 

"AB0==O V=381Cє mTOR, I> 70?>1V30є V=B5=A8DV:0FVW 3;V:>;V7C. &0:>6 AMPK 

0:B82Cє Nrf2, O:89 ?V428ICє 0:B82=VABь 0=B8>:A840=B=8E D5@<5=BV2, G8< 

70157?5GCє 45B>:A8:0FVN �(�. #V428I5==O 0:B82=>ABV �6(�� 70 C<>2 �" A?@8Oє 

70;CG5==N 3;N:>78 4> #(,. *5 <>65 1CB8 ?@8G8=>N =86G>3> @V2=O 3;N:>78 B0 

3;V:>35=C 2 <8H59 A5@54=ь>3> 2V:C, 4> O:8E 70AB>A>2C20;8 �".  

 

 

 

$8A. 8.4. #>B5=FV9=89 <5E0=V7< 2?;82C :0;>@V9=>3> >1<565==O (�") 

B@820;VABN 6 <VA. =0 <5B01>;V7< <8H59 A5@54=ь>3> 2V:C. 6(�� 3 6-

D>AD>3;N:>;0:B>=; �(� 3 0:B82=V D>@<8 :8A=N; �6( 3 3;N:>7>-6-D>AD0B; 

�6(�� 3 3;N:>7>-6-D>AD0B453V4@>35=070; #(, 3 ?5=B>7>D>AD0B=89 H;OE; 
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AMPK 3 AM(-70;56=0 ?@>B5W=:V=070; mTOR 3 <5E0=VAB8G=0 <VH5=ь 4;O 

@0?0<VF8=C; Nrf2 3 O45@=89 D0:B>@ 5@8B@>W4=>3> ?>E>465==O 2. 
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��%!"��� 

 

1. �>4020==O <0@30@8=C 4> E0@GC20==O <8H59 7=86Cє V=B5=A82=VABь 

A?>6820==O W6V B0 2>48, 0;5 =5 7<5=HCє :V;ь:>ABV A?>68B8E :0;>@V9, ?@8 Fь><C 

>@30=V7< A0<FV2 B0 A0<>: <8H59 ?>-@V7=><C @503Cє =0 B0:5 E0@GC20==O. 

2. %?>6820==O <0@30@8=C ad libitum ?@>BO3>< G>B8@ь>E <VAOFV2 28:;8:0є 

A;01:V 70?0;ь=V ?@>F5A8 C A0<FV2, A?@8Oє @>728B:C >:A840B82=>3> AB@5AC 2 

68@>2V9 B:0=8=V B0 :>@V 3>;>2=>3> <>7:C, 2>4=>G0A 7=86CNG8 9>3> V=B5=A82=VABь 

C ?5GV=FV, =8@:0E B0 A5@FV. ' A0<>: <0@30@8= 71V;ьHCє ?@8@VAB <0A8 BV;0, 

V=B5=A82=VABь >:A840B82=>3> AB@5AC B0 71V;ьHCє 0:B82=VABь 3;V:>;VB8G=8E 

D5@<5=BV2. 

3. �>4020==O 2V420@C @><0H:8 4> E0@GC20==O 7 <0@30@8=>< 70?>1V30є 

V=B5=A8DV:0FVW >:A840B82=>3> AB@5AC 2 A0<FV2, 0;5 =5 ?@>O2;Oє 7=0G=>3> 70E8A=>3> 

5D5:BC 4;O A5@FO. ' A0<>: 2V420@ @><0H:8 7=86Cє @V25=ь 3;N:>78 2 :@>2V, 0:B82Cє 

0=B8>:A840=B=89 70E8AB C ?5GV=FV, =8@:0E B0 :>@V 3>;>2=>3> <>7:C. 

4. �>;>4C20==O G5@57 45=ь =0 D>=V A?>6820==O <0@30@8=C =530B82=> 

2?;820є =0 A0<FV2 <8H59, 28:;8:0NG8 >7=0:8 <5B01>;VG=>3> A8=4@><C, 

71V;ьH5==O ?@8@>ABC <0A8 BV;0, 70?0;5==O B0 V=B5=A8DV:0FVN >:A840B82=>3> 

AB@5AC 2 68@>2V9 B:0=8=V B0 A5@FV, 0 B0:>6 ?V428ICє @V25=ь 3;N:>78 2 :@>2V B0 

7=86Cє @V25=ь 3;V:>35=C 2 ?5GV=FV. 

5. %?>6820==O <0@30@8=C G5@57 45=ь ?@>BO3>< G>B8@ь>E <VAOFV2 

?>78B82=> 2?;820є =0 A0<>:. &0:89 @568< E0@GC20==O 7=86Cє ?@8@VAB <0A8 BV;0 

B0 V=B5=A82=VABь >:A840B82=>3> AB@5AC 2 ?5GV=FV, 71V;ьHCє 0:B82=VABь 

0=B8>:A840=B=8E D5@<5=BV2 C =8@:0E B0 A5@FV, 0;5 =5 70?>1V30є @>728B:C 

>:A840B82=>3> AB@5AC 2 :>@V 3>;>2=>3> <>7:C. 

6. %B0@V==O =5 ?>A8;Nє >:A840B82=89 AB@5A B0 =5 7=86Cє V=B5=A82=VABь 

3;V:>;V7C 2 3@C?V <8H59 AB0@H>3> 2V:C ?>@V2=O=> 7 3@C?>N A5@54=ь>3> 2V:C. 

�0;>@V9=5 >1<565==O =0 30% 45<>=AB@Cє 70E8A=C 4VN 2 ?5GV=FV, =8@:0E B0 :>@V 

3>;>2=>3> <>7:C BV;ь:8 C <8H59 A5@54=ь>3> 2V:C, I> 2:07Cє =0 2V:>2C 70;56=VABь 

5D5:B82=>ABV FVєW AB@0B53VW.  
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