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ANNOTATION 

Shayakhmetova G.M. The particularities of the adverse antituberculosis drugs 

reactions on male reproductive function and proof of the approaches to their 

pharmacological correction (experimental study). - Qualifying scientific work 

published as a manuscript. 

Thesis for scientific degree of Doctor of Biological Sciences in specialty 

14.03.05 - Pharmacology. - SI "Institute of Pharmacology and Toxicology of NAMS 

of Ukraine" (implementation of the thesis), Kyiv; - SI "Institute of Pharmacology and 

Toxicology of NAMS of Ukraine" (defense), Kyiv, 2018. 

The dissertation describes the experimental foundation of the particularities of 

the adverse antituberculosis drugs reactions on male reproductive function and proof 

of the approaches to their pharmacological correction. 

It is well known that drug’s side effects continue to be the most prominent 

medical and social problem. Apparently, the actual level of adverse reactions may be 

much higher than reported. There are certain difficulties in their verification due to 

the fact that changes in internal organs caused by medicines are often difficult to 

distinguish from the independent diseases which subsequently are not recorded. 

Beside this, the huge problem of a significant number of drugs that have long been in 

the pharmaceutical market is associated with an inadequate level of investigation 

their side effects. Clinically, a significant number of diseases require the use of long-

term pharmacotherapeutic regimens. One of them is tuberculosis, which still 

preserves the status of an important medical and social problem. The extensive use of 

polychemotherapy for tuberculosis ultimately led to a substantial increase in number 

of adverse reactions. The co-administration of several chemotherapeutic agents 

causes their metabolic interaction predominantly due to induction or inhibition of 

various isoforms of cytochrome P-450, such as highly inducible cytochrome P-450 

2E1 (CYP2E1). The toxicity of the drugs (CYP2E1 inducers) increase in case of their 

combined administration and/or use under conditions, which are characterized by the 

induction of this isoform. 

At  the  same  time,  despite  the  fact  that  80  %  of  men  with  pulmonary  
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tuberculosis are individuals of reproductive age, the adverse effects of anti-

tuberculosis drugs (ATD) on their reproductive potential are often have been 

neglected and insufficiently studied. In the scientific literature there are only 

fragmentary experimental and few contradictory clinical data. Obviously, all of the 

above has determined the scientific and practical significance of an in-depth study of 

the 1st line ATD' adverse effects on male reproductive function both in single and 

combined use, as well as under the pathological states accompanied by induction of 

CYP2E1. The results of the current work serve as the proof for establishing 

approaches to predict the side effects of drugs on male reproductive function and its 

further pharmacological correction. 

The following experimental conditions were used to achieve the goal: the 

combined and single administration of AND (isoniazid, pirazinamide, rifampicin, 

ethambutol or streptomycin) in male rats; the co-administration of antituberculosis 

drugs into the rats with induced CYP2E1 (experimental alcoholism and diabetes 

mellitus); the administration of the supplements with metabolic action (methionine 

and Metovitan) into the rats received the combination of antituberculosis drugs. 

Through the all  stages of  the study,  the antituberculosis  drugs were administered to 

animals at a dose regimen equivalent to the one used in clinic for short-term 

treatment of tuberculosis. The doses were calculated based on the coefficient of 

species sensitivity. Besides that, an assessment of the morphological and functional 

status of the testicles and the parameters of the antenatal and postnatal development 

of the offspring, obtained from experimental male and intact female, the level of 

CYP2E1 mRNA and protein expression, as well as its catalytic activity in the 

testicles, the biochemical parameters of the testicles, and the level nuclear DNA 

fragmentation in the testes and epididymis has been established. 

Apparently, it has been demonstrated that combination of the first line anti-

tuberculosis drugs (ATD) – ethambutol, isoniazid, rifampicin, and pyrazinamide (in 

comparison with single administration) significantly increased in severity of 

morphological disorders in spermatogenic epithelium; decreased in the sperm 

production (threefold); decreased in sperm viability (by 74 %) and mobility time (by 
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80 %). These changes altogether led to a fatal limitation of male rats’ fertility 

(fertilization index dropped to 17 %), a decreasing of the fertility of the females that 

were previously fertilized by the male rats by 81 % and a significant increasing of the 

levels of pre- and post-implantational embryonic mortality by 55 % and 73 %, 

respectively. Importantly, among the ATD drugs, ethambutol and isoniazid play a 

major role in reproductive toxicity formation. Overall, the obtained data make it 

possible to conclude that co-administration of ATD drugs in male rats leads to a 

testicular CYP2E1 induction. That has been proven by a significant increase in 

expression of CYP2E1 mRNA as well as protein itself, moreover its enzymatic 

activity has been also elevated in testicular cells. It was also found out that among the 

ATD used as a combination in tuberculosis polychemotherapy, the highest potency to 

induce CYP2E1 production and the most severe testicular toxicity were found for 

isoniazid and ethambutol. Apart from the induction of testicular CYP2E1 enzyme, the 

co-administration  of  4  ATD,  as  well  as  a  single  administration  of  ethambutol  and  

isoniazid were accompanied by several pathological processes, namely an imbalance 

between pro- and antioxidant systems in the testes tissues (decrease in SOD activity 

and quantity of reduced glutathione; increase in glutathione-S-transferase activity as 

well as lipid peroxidation activation), an intensification in the testes cells of the DNA 

fragmentation, and a decrease in total serum testosterone 1.6-2.8 folds. 

In contrast, it was observed that a single administration of streptomycin, 

unlike ethambutol, did not influence on expression of CYP2E1 mRNA in testes. 

Furthermore, the replacement of ethambutol by streptomycin, when combined with 

ATD, even reduced the negative influence on biochemical parameters of rats’ testes, 

their morpho-functional state, reproductive capacity of the male rats and embryo-fetal 

development of their offspring. 

Degenerative disorders in spermatogenic epithelium and deterioration of 

sperm quantitative and qualitative parameters detected under the condition of 

excessive ethanol consumption were accompanied by serious changes in rats’ testes 

and liver at the molecular and biochemical levels. 

Particularly it was established that long-continued use of ethanol by rats 
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during the spermatogenesis period caused significant increase in expression of 

CYP2E1 mRNA and protein in the liver and testes, as well as its enzymatic activity. 

Under these conditions, complex metabolic changes occur in the organism. According 

to our results, ethanol chronic exposure leads to the development of 

oxidative/nitrosative stress in the liver; changes in serum, testes and type I collagen 

amino acid composition; increase in testicular total and esterified cholesterol 

contents, decrease in content of proteins’ SH-groups; inhibition of the enzymatic 

activity of testicular SDH with the simultaneous growth of LDH. The revealed 

metabolic disturbances in testes have negative consequences for the cellular 

regulation of spermatogenesis processes. Testicle cells’ DNA fragmentation processes 

significantly intensify under experimental chronic alcoholismindicating the initiation 

of apoptosis, the final stage of the deregulationof spermatogenesis control. The 

testicular abnormalities were observed at the molecular as well as biochemical levels 

and accompanied by degenerative changes in spermatogenic epithelium and 

deterioration of sperm quantitative and qualitative indices.  

In general, the results of the investigations evident the worsening in 

abnormalities of spermatogenic epithelium cells differentiation and disturbances in 

normospermia in alcoholic rats, that received a combination of ATD. The histological 

examination of spermatogenic epithelium revealed that in group of animals with 

chronic alcoholism proportion of epithelium exfoliation into the lumen of tubules was 

increased 4 folds, while in the group with administration of ATD – 5 folds; proportion 

of the vacuoles occurrences rose 7 and 9 folds in each group, respectively; the 

number of spermatogonia decreased in 14 % and 20 % in comparison with control. 

Spermatogenetic disorders as well as reduction of sperm quantity and quality in male 

rats receiving ATD with ethanol exposure, led to a significant decrease in fertility and 

100 % post-implantation death of offspring, when mated with intact females. 

Administration of ATD combination in male rats under experimental chronic 

alcoholism leads to a progressive increase in hepatic and testicular CYP2E1 

expression  level  5  and  5.9  folds,  as  well  as  growth  in  activity  of  p-nitrophenol 

hydroxylase (a marker of CYP2E1) in microsomal fraction of liver cells 1.5 folds as 
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compared with rats, which consumed only alcohol, and triple as compared with the 

control group. 

Additionally, it has been demonstrated that experimental streptozotocin 

diabetes in rats caused an increase in CYP2E1 mRNA expression in the testes 

threefold in comparison with control. This was accompanied by a significant increase 

in testicular DNA damage. Interestingly, the co-administration of ATD drugs under 

diabetes led to further stimulation of CYP2E1 gene expression and changes in level 

and nature of nuclear DNA fragmentation in gonads. Taking all these facts into 

consideration, the obtained data proved more severe adverse reactions of anti-

tuberculosis drugs on testes morpho-functional state and reproductive capacity of 

male rats with diabetes. As such, diabetes and ATD caused pathological changes in 

the spermatogenic epithelium of male rats leading to significant decrease in the 

number  of  spermatozoa,  and  also  have  a  harmful  effect  on  the  offspring  of  such  

males. 

More than that, it has been found on different experimental models, that an 

expression level of CYP2E1 gene in testes had a high negative correlation with the 

value of spermatogenic index (r = -0.99, p = 0.001), the number of spermatogonia (r 

= -0.99, p = 0.001) and the number of spermatozoa (r = -0.87, p = 0.001), as well as a 

high positive correlation with the percentage of epithelium exfoliation into tubules’ 

lumens  (r= 0.99; p = 0.001) and vacuoles occurrence (r = 0.96; p = 0.001). 

The investigations of the drugs capable to inhibit CYP2E1 demonstrated that 

effects on reproductive function of male rats with ATD administration included 

following: methionine and a composition of biologically active substances - 

Metovitan inhibited transcriptional activation of CYP2E1 gene and its enzymatic 

activity in testes, thereby preventing changes in testicular pro/antioxidant systems. 

Moreover, Metovitan inhibited expression of CYP2E1 mRNA and its catalytic 

activity more efficiently compared with methionine. Accordingly, it contributed to the 

maintenance of the seminiferous epithelium integrity, the increase of sperm count and 

the enhance of male rats fertility. 

Overall, our data, including the data regarding the correlation between 
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CYP2E1 mRNA expression in testis and spermatogenic abnormalities, indicate the 

involvement of this enzyme in pathogenetic mechanisms of testicular disorders and 

male infertility.Induction of CYP2E1 in the testes results in the formation of large 

amounts of free radicals and other toxic adducts, breaking the normal metabolic 

processes and mainly negatively influencing the metabolism of nucleic acids, 

proteins, lipids, carbohydrates, as well as disturbs energy metabolism and 

biosynthesis of low molecular bioregulators. Such cascade, in turn, leads to 

pathological changes in the testes and serves as a trigger for apoptotic processes in 

testicular cells. The final result is the inhibition of androgen function, the disruption 

of germ cells normal differentiation and the loss of fertility. 

The results referred to the gonadoprotective action of methionine and the 

composition of biologically active substances - Metovitan administered after use of 

CYP2E1 inducers, experimentally proved the perspective of using the substances 

(that have effective inhibitory for this isoform and antioxidant properties) in the 

therapeutic schemes of male subfertility and infertility, especially in the case of 

receiving chemotherapeutic agents capable to induce CYP2E1 and conditions 

associated with that induction. 

The practical significance of the thesis includes systematization new factual 

data that allowed to proof the approaches to predicting and preventing the ATD' 

negative impact on male gonads. In particular, it was determined the 

gonadoprotective efficacy of preparations with antioxidant activity capable to inhibit 

both expression and activity of CYP2E1 during ATD administration. The unrevealing 

of the isoform CYP2E1 contribution to development of ATD adverse reactions on 

male reproductive function in general add the knowledge to the concept of 

mechanisms for xenobiotics' negative effects on gonads and serves as the basis for the 

developing methods for diagnosis and prevention of male subfertility.The practical 

significance is confirmed by newsletters ( 286-2010, 295-2011 and 212-2018). 

Key words: ethambutol, isoniazid, rifampicin, pyrazinamide, streptomycin, 

experimental chronic alcoholism, methionine, Metovitan, cytochrome P-450 2E1, 

testicles, epididymis, male reproductive function. 
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,  

 [143].   

,  CYP2 1  1,3-

,  

 in situ , 

 CYP2 1  

 [144].  

,     

-450 2 1- .  

,  Cyp2e1+/+,  

 

,  

. , ,  Cyp2e1  

,    

 CYP2E1- . , 

 

 CYP2E1 [145].  ,  
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 — ,  

 CYP2E1 [145].  

,  

 

, -450 2 1  

.  

 CYP2E1,  

 

. 

 

1.2 ,    

 

 

, 

, -450, 

. , ,  

, -

450 2 1. ,  

 [146, 147, 148, 149, 150, 151].  

 

 

.  

,  

 (95 % : 1,2-23).  

,  10-20  

,  

 12 % [152].  in vivo  in vitro ,  

,  

,  [153]. , 

. 
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,  

. 

,  

 [154]. , ,  

 -  ( , )  

 ( , ) [155].  

 

). . 

 

+) H.  

 [155]. ,  

YP,  CYP2E1, 1A2  3A4,  

 [154, 155].  

450.  

 CYP2E1 ,  

, .  

,  

 [155].  

 [155]. ,  

, ,  

.  

 [155]. 

 

. , 

,  

,  [156].  

 

,  D,  

,  [154]. 



70 
 

 

, ,  

 [154]. 

 D. Wu  A.I. Cederbaum,  

,  

. , 

 

. ,  

,  

,    

[157]. , -

,  1980- .  

,  50 ,  

 

,  

 ( )  

,  [158]. 

 

,  (2,5  50 %  /  

 90 ) [159].  

 

,  

 [160, 161, 162]. 

,  

. ,  

,  

 [163]. ,  

 [164, 165].  

 GPx1, GPx3, mGPx4, cGPx4  GPX5,  

, 
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 mGPx4  snGPx4,  

 [164].  

,  

 [166]. 

 

, ,  (50 

) .  

.  

 

 [167]. 

L. M.Wallock-Montelius . ,  

-

. ,  

, , .  

,  

,  [168]. 

, ,  

 (TNF- )  (IL) 6  ,  

 [169]. 

,  

 

, .  

 

, .  

 

 [170]. 

 

 

 [139]. ,  
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. , .  

 ( )  - 

, ,  [168].  

,  

.  

 

[171]. 

 

+-  [160, 172]. ,  

 

 [172].  

 3  3  

 4-  [173]. 

,  

-  

.  

 CYP2E1, 450-  

 /  [139]. 

,    

 47  

20 ,  

 26 .  (4-

)  

,    

  ,  

 [139]. 

,  

, ,  

 C -  [174], 
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-/  

 [175]. 

,  

 c-Jun (  

)  

 Nur77 (  

,  

),  [176]. 

 StAR,  

 P450scc ,  

. ,  

 

[177].  
+  

, ,  

.  

  ,  

,  
+ .  
+  

 

 

.  

 [178]. 

Y. B. Chiao . , , 

,  

 3  

) [179]. 

+  

,  [180]. 
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,  

, , 

, +  

5- -3- ,  17-

, +  

 C17,20 [181]. 

,  17 -

 17,20-  

 17-  [182].  

 

 

-  per se.  

 [183]. 

,  8  3%  

 [184],  10  

 (36%  

)   

/  [185]. ,  

,  

,  

 [160].  

, . 

 

.  

, , 

 Ca2+ ,  

 3  17 -

 [186]. 

, 

,  
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,  [187].  

,  90  

 3- -3-  

-6- , 

 [188]. 

 

.  

. ,  

 3  (3 -HSD)  17-

,  

 [189]. ,  

,  

 -  

 [190],  

, ,  

. 

, ,  

,  

,  [159, 188].  

 

:  ( , 

) ,  

.  

, ,  

)  -  [189]. 

,  

 

 PACAP [191].  in situ 

, , 

 I  



76 
 

 

[192].  

 in vitro  

 

, ,  Bax-

-3  [193].  

 in vitro  in vivo . 

,  

 StAR, 3 -HSD  17  (17 -HSD); 

-3, 53,  (Fas)  Fas-

 (FasL);  Bax/Bcl-2 (Bcl-2  

)  

. -3, p53, 

Fas, Fas-L; -3 -8;  

 3 -HSD, 17 -HSD ;  

,  

  [194].  

,  FasL 

,  

 [195]. , ,  

 Fas  FasL [196]. ,  

 

 B (pAkt)  

 1/2 (pErk1/2),  

 –  Bad (  

Bcl-2)  Ser112  Ser136 [197]. 

 

,  

(NOS)  [198].  nNOS  

 - TnNOS,    
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 [199].  

, M. Herman . 

 TnNOS,  

 NO  

 (hCG) [200]. 

 

 iNOS, ,    

.  

. ,  

 iNOS  

 NO  [201]. 

H. Y. Lee . ,  

 

,  

 [202]. 

,  

,  

.  

 

, ,  

, , .  

 

. ,  

 

 

. 

 

CYP2E1, , . 

,  
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CYP2E1 [203]. ,  

,  ,   

 [204].  

,  

 Mycobacterium tuberculosis [205].  

 2141  

,  

 [206].   

, , 

 

 [207, 208],  

.  

70-  25  24 

 (16-22 ) ,  2  

,  

 [209].  

 65  77  

: ,  

,  [210].  

1984  

 

. ,  

,  

 [211].  

 

,  

 

 [212]. ,  

 [213]. M. J. 

Niven .  1 
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,  

 [214].  

,  2002  

, 

, ,  

,  [215]. , 

,  1  2 , ,  

 

.  

 

,  [216]. 

,  

 in vivo ,  

.  

 

.  

,  

 

[217].  

.   

,  

,  

. ,  

 

, . , 

 

.  

,  

 [217]. 

,  



80 
 

 (GLUT), . 

 in vitro ,  [218] 

 [219] ,  

,  

. 

, , , 

,  GLUT1  1, 

. ,  

,  

 

 [220]. 

, , 

, ,  

.  

 70-   [221],  80-  

 

BBWistar  [222, 223].  

,  

 ( ) . ,  

,  

 [224].  

,  ( )  

, 

,  

 [225]. ,  

, ,  

, ,  

. 

 [226]. 
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,  

 

 [227].  1  2  

,  Goto-Kakizaki , 

 

 [228]. S.T. Kim  K.H. Moley ,  

,  [229]. 

,  

. ,  

 

,  [230]. 

 

, ,  

. ,  

, ,  

,   

 [211]. , ,  

 

,  

. ,  

.  

, ,  

,  

 

 [231].  80-  C. Hutson  

,  

, ,  

 in vitro  [232]. 

, 

, , , ,  
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 [233],  

 [234]. ,  

 

, .  

 GLUT1  GLUT3  AMP-

, -3-  (PI3K)/PKB p38 

MAPK-  [218]. ,  

 

 GLUT. , ,  GLUTs  

,  [219].  

, , ,  

,  

. , , ,  

 

 [219]. , ,  

:  4.  

,  

, ,  

. ,  

, in vivo  

, ,  in vitro .  

, , ,  

. ,  

,  

. , 17  

,  

 4, ,  GLUT [235]. , 

,  

,  
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 [236].  

 

, .  

, ,  

,  

. , ,  

-

. , , 

,  

,  [237].  

 

.  

,  

,  

,  [238]. 

,  

,  

, .  

,  

, . 

 

. ,  

,  

,  

 

,  

. 

,  CYP2E1, 

,  

, .  
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,  CYP2E1 ,  

, ,  

. ,  

 

.  

  [239]. , 

 

 CYP2 1,  

 [240].  

,  ,   

 

-450 2 1 ,  

,  

.  

 

1.3. -450,  

 

 

,  

-450  

. ,  

, .  

-450  

 2-4 . -450 

– .  

,  

,   -450  

.  

,  

-450 2 1  -  [241].  
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,  

,  

.  C.K. Mathews . ,  - 

.  

, .  

 

 [242]: 

-  

.  

.  

; 

- -

. ,  

.  

,  

;  

- ,  

, . 

 

, ,  

.  

,  

; 

- ,  

,  

. 

 

 CYP450. , 

,  (Salvia 

miltiorrhiza),  CYP1A2  CYP2C9,  
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 CYP3A4  CYP2E1 [243]. 

,  

,  

,  [242].  

. 

 (  

)[244]. 

 CYP450.  

, ,  

 [245]. ,  CYP450 

, , - -1,2,4-  

[246, 247, 248, 249].  

 

. , ,  

 CYP450  [246,250].  

, ,  

 

 CYP2E1 [251]. ,  

.  

. , 17 -

,  

,  CYP3A4 [252]. 

-450 2 1 

. ,  CYP2 1 

,  

, ,  

, ,  

, .  

 CYP2E1 -  -  
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 [253, 254].  

 

 CYP2E1  

.  

: 1) 

; 2)  

; 3)  CYP2E1 , 

,  

; 4) CYP2E1  

 

[255]. 

 

(VELCADE,  PS-341, LDP-341  MLN341),  

,  

 (FDA)   

 [256]. ,  

 [257],  

 CYP2E1,  1 (IRE-

)(31). ,  CYP2E1  

,  

,  

, CCl4  [258]. 

 

 CYP2E1  

. ,  in vitro  

 [259].  

 CYP2E1  

 [260]. 

,  
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, ,  

CYP2E1  –  [261].   

,  (Nigella sativa) 

 CCl4  

 CYP2B, CYP3A2, CYP2C11  CYP1A2,  

 NO  10 

[262].  

 CYP2E1 ,  

 (Asparagus racemosus) [263].  

 (Salvia miltiorrhiza), 

 CYP2E1,  

 [264]. ,  

 

 CYP2E1 [265]. 

 

 S-  –    

 (Allium sativum L.). 

,  S-  

 CYP2E1 [266].  

,  

 (Eriobotrya japonica)  CYP2E1  

 JNK, , , 

 [267].  

 (Sasa veitchii)  CYP2E1  

, ,  

 [268]. 

,  

, , , . 

,  CYP450  

 ( )  
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.  

, . , , ,  

in vivo ,  in vitro,   

, ,  

 in vivo [269]. , , 

 CYP450, ,  

,  CYP450 [270]. 

 

 (OH-) .  

 [271, 272]. ,  

 CYP450,  

. ,  OH- , 

, in vitro  CYP2E1  

CYP3A4 [271, 273]. 

, ,  

, , ,  

,  [274].  

 CYP,  CYP1A2  

CYP2E1 in vitro  CYP3A4,  in vitro,   in vivo [275].  

 CYP2E1  [276, 277, 278, 

279].  in vitro ,  CYP2E1  

-1  

,  [280, 281]. 

, -

-1  CYP2E1  

.  

 

 CYP2E1 [277]. 

,  ( )  

 CYP2E1 ,  
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,  NO  (TNF , IL-6  IL-1 )  

 RAW264 [282]. , 

,  

 -   CYP2E1 [283]. 

,  –  CYP2E1 

. , 

,  

 CYP2E1, , ,  

.  

, N-  

 [284].  

, . ,  

CYP2E1  

 ( ),  

 [285]. 

, ,  

.  

 NF- B,  2  TNF-  

 CYP2E1 .  

 

 CYP2E1  

,  

 NF- B [286]. , ,  

,  CYP2E1 [287]. 

In vitro  

(Hydrastis anadensis) ,  CYP2E1, 

,  

[288].  

   

-450 , , 
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. 

 

 CYP3A4, CYP1A2, CYP2C9,  

CYP2D6. ,  

 CYP3A4.  

.  

 CYP3A4. ,  

 CYP1A2, CYP2C9, CYP2C19  CYP2D6,  

CYP3A4. -450  CYP2E1 

. 

 

-450  CYP2A6  CYP2C19 [289]. 

, , ,  

, 

 CYP2E1-  [290]. 

  C57BL/6,  

-450 2 1 – ,  S- -L-  

)  S- -L-    

 

 CYP2E1 [291].   

 CYP2E1  

 S- -L- , 

, , , , 

 [292]. 

 S- -L-     

 CYP2E1-  ob/ob .  

 ob/ob ,  

.  

 S- -L-  (50 .  12  3-  

) ,  
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,  3   TNF-  

.  S- -L-  CYP2E1  

 [293]. 

,  

-450 2 1 ,  

, .  CYP2E1  

, ,  

. , ,  

 

 CYP2E1 .  

, ,  

, .  

,  

, ,  

, .  

 

,  

. ,  

, , ,  

, . ,  

 

, -450. 

 CYP2E1,  

 

.  

, ,  

 CYP2E1- ,  

, 

. ,  

 CYP2E1 
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, .  

,  

.  

,  (  

),  CYP2E1  

,  

, , , . , 

 

, ,  

,  CYP2E1  

. ,  CYP2E1  

 

 

.  CYP2E1,  

, ,  

 

,  

.  
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 2 

 

 

 

 

 

,  

, .  

 CYP2E1 , ,  

,  

 

. ,   

CYP2E1, . 

 

2.1.  

 
 

. .  « », :  

, , , , 

, , ,  

).  

 

«Sigma-Aldrich»: ; ; ; ; 

 ( ); TRI-Reagent, 5, 5’- -(2-

); ; «BioRad»:  

; , ; “Fermentas”:  

 ( ) – Revert Aid TMH 

Minus  First  Strandc  DNA  Synthesis  Kit;   DEPC- ;  aq  ;   

; ; ; “Metabion”: 

 CYP2 1; 
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Testosterone ELISA  «DRG Instruments GmbH».  

: 

1.  (Isoniazid, ) –  

 „ ,  

07066/12H.  

2.  (Pyrazinamide, -2- ) –  

 „ ,  pyz/p-139/09. 

3.  (Rifampicinum) –  „  

,  201009026. 

4.  (Ethambutolum, (+)-N,N’- -(2- -1- ) –  

,  092501145. 

5.  (Streptomicyn) –  

 „ ”, ,  770510 

6.  (Methionine)  “  

”,  50511. 

7. . . 

. : , , 

, ,  .  

8.  Sigma-Aldrich, . 

,  

 25 0 . 

: 

 Sigma 2-16  ( );  

 Joan ( );  (BioRad, 

);  (BioRad, );  

 (BioRad, );  BHL 96  LaB  ( ); -

 MyCycle (BioRad, );  UVC/T-M-AR (BioSan, 

);  Julabo SW22 ( );  

UVVIS BioMate 5 ( ); -2-  4,2; 
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-881 ( );  

CRYSTAL-100 Cal (Gibertini, ); -301 (Mettler Toledo, );  

 Smartest Optima (BiotestT Medical 

Corporation,  ),  (Eppendorf, ) 

. 

 

(Rattus norvegicus)  150-170 ,  10-12 , 

 «  

». 

 

 10 .  

 

.  

 22-24 0C   30-70  %,   

.  

 

”, , .  

  (660  370  140)  

.  

.  

.  

3447-IV «  

»  21.02.2006 .  

 24.11.1986 . 

(86/609 / ).  

 

” ( 03/10/13), ,  

,  

.  
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2.2.  

 

2.2.1.  

 

,  

 

,  

, . 

, ,  

 

.  6  12 .  

- 1- : , 155 ; 

- 2- : , 74,4 ; 

- 3- : , 62 ; 

- 4- : , 217 ; 

- 5- : , ,  

; 

- 6- :  –  1 % . 

 2 . 

 5 : 

- 1- : , 155  – 6 ; 

- 2- :  – 14  – 6 ; 

- 3- : , ,  

 60  (  1) – 22 

; 

- 4- : , ,  

 – 14  60  

 2) – 16 ; 

- 5- :  –  1 %  – 22 

. 
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 2 . 

 

 

. 

 ( ) ) 

,  

 15%  (« » ,  

) [294]. 

 

. 28  

, 

 15%  150 .  

15% . 

 10 .  

 

 2  -  14 . 

1- :  15%  150 

 ( ); 

2- : , ,  

,  91  

; 

3- ,   

, ,  

,  ad libitum.  

,  

,  1 % . 

, 

,  

.  

.  60 
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,    10    ( 4,5) [295].  

 2 ,  

 

 Smartest Optima  BiotestT Medical 

Corporation,  .  

,  3,9 - 11,56  

[296].  

, ,  16,5 ± 0,8 

.  12  

: 

1- : ; 

2- : , ,  

 60 ; 

3-  (  1 %  

 60 ). 

   

 - , 

.  

 4  8 : 

1- :   1  60 ; 

2- :   1  

 (50 ); 

3- :   1  

 (50 ); 

4- :  –  1 % . 

 

,    

 [297]. , 

 [298]. 

, , 



100 
 

 1 %  

. , 

,  

, , ,  

 

,  

 [299].  

 

  2 . 

 « », : 

10111 .  

 60 

,  

,  

, ,  

 [300].  

 

 (  2 

). 

 

.  

 

.  80 

;  5 .  

.  

 700 .  

.  

.  

.  
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. 

 

2.2.2.  

 

 14 -

 (  

 :  – 1 : 2)  2-3- . -

.  

 

,  

 [300].  

 5  

),  

.  

,  

: 

 

     (2.1) 

 

 20-  

. 

,  

,  ,   

, .  

-  

 [300].  

: 
 

%  (2.2) 
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: 
 

%    (2.3) 

 

, ,  

, , . 

   4, 7, 14  21  

.  

.  

   « »,  

 ( , , , 

, , ,  

) [301, 302]. 

 

2.2.3.  

 

, , ,  

. , ,  

.  

 

. 

 ( )  6-8 .  

,  70 % .  

, ,              

70 % .  

, .  

 

.  5-6  

;  ( )  
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.  [303].  

 Olimpus BX41 (200 ; 400 x). 

   

 

.  

,  

 4-  

,  – 

,  ( ), 

. : 1  –  

; 2  – ; 3  -  

, ,  ( )  <5 ; 

4  – ,  25 

.  12-  

. : 

 

;=
200

      (2.4) 

 

 – ;  

200 – . 

 

, : 

, , 

 –  (« »),  

, .  

,  

 ( ),  

 [304].  

,  
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,  

,  

 MBL 2000 ( ). 

,  

 K.C. Chitra .,  

 (200 ) [305].  

 

2.2.4.  

 

 

 

 (4 0C).  25 % .  

 0,05 ris-HCl, =7,4; 0,005  MgCl2 ; 0,025M KCl; 0,008 M CaCl2. 

,  Joan 

), AG 100.80, rad=99,  10 000 , 15 .  

 10000 g, 15 , 4  5  (  1 ) 

 25  0,01  

,  0,008 M CaCl2  0,005  MgCl2.  

 15000 g, 10 

.  15000 g, 

10  (0,0125 )  0,05 ris-HCl, 

7,5,  0,005  MgCl2  0,008 M CaCl2 [306]. 

-

 ( ).  

 (  

) ,  

 ( ), 

.  

– 535  [307].   

Fe3+. :  0,5-1 , -HCl 



105 
 

 40  (  7,4),  1 , Fe(NH4)2(SO4)2 x 6H2O, 

Na4P2O7 x 10H2O.  (37 0 )  30  

,  30 %  

 3000  10 .  

 95 0  10 .  

, 

: 

;              ‘(2.5) 

 

E=E  – E , 

V – , 

t – , 

E-  1,56 × 105 -1 -1.  

 

 

 SH- , ,  

 9 5%.  SH- ,  50%  

 

,  [308]. 

: 0,01  5, 5 -(2-  

) – ;  0,4 ,  8,9; 0,02  (  

);  50 %. : 

 2,5  (4-5 )  - 2 ,  50 % - 

0,5 .  15  (  

). 15 , 3000 g, 4 0 ,  

.  1  2  0,4 ,  8,9  

0,05 .  5  412  1 

.  

,  2,5  0,02  

. 
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 SH-  

 SH-  [308].  SH- ,  50 % 

,  

.  SH- ,  

. :  –

0,75 ,  1   0,4 ,  8,2  0,05 , 

 3,95  95 % .  15  

 ( ). 15 , 3000 g, 

.  412  1   .  

 

,  2,5  0,02 .  

-S  

 1- -2,4-

 340 

 25 0  [309].  : 0,1 -

 6,5 - 2,8 ;  1 - 0,1 ,  

- 1  1- -2,4-  - 0,1 ,  

 50 .  

, .  

: 

 

;             (2.6) 

 

E –  1 ; 

V – ; 

 –  9,6 -1 -1.   

 

 

„Current protocols in Toxicology” [310].  

,  
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.  340 ,  

. 

 30 . ,  

, : 500  (0,2  

, =7,0 ), 50  20 , 50  

2 .  1 ,  

,  340 

. ,  

 -  0,02 – 0,05.  

.  

. ,  

,  1  

 1  (  1  1 ).  

: 

;              (2.7) 

 

 – ; 

t – ; 

 – ; 

l – ; 

 –  9,6 -1 -1.   

 

 2,5%-  

.    

 

 [311]. : 2  0,03 % 

2 2, 0,1  HCl  0,05  7,8,  2  1  4 

%  (NH4)2MoO4  1   H2SO4.  

: 2 , 0,1  HCl  0,05   7,8, 

 2  1  4 %  ((NH4)2MoO4)  1  H2SO4.  
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: 2  0,03 % 2 2, 0,1  (0,2 – 0,3  

),  2  1  4 %  (NH4)2MoO4  1  H2SO4. 

: 2 , 0,1  

 (0,2 – 0,3 ),  2  1  4 %  

(NH4)2MoO4  1  H2SO4.  

 5  3000 .  

 410 .  5  3000 . 

 410 .  

:  

;              (2.8) 

 

E=E  - E ; 

V – ; 

t – ; 

E-  22,2 × 103 -1 -1.  

 Misra   Fridovich  

. .  [312]  

. ,  

, ,  

 

.  

.  

,  – ,  

 480 , .  

. .  

, ,  

 347  (  30 ). 

. 

  D. R. Koop 

[313],   4-
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 (1,2 –  -4- ) : 

100  (KH2PO4 ,  K2HPO4),  6,8; 1 ; 10 – 

300  ; 1 .  

 2  37 ° -

 (0,5  0,6 l) .  

 1  0,1  10  NaOH.  

 4-  546 

.  

  ,  

 

 [314].  2,5  0,1 Cl ,              

 7,4   10   CaCl2,  0,3  320  

 0,1  1 +.   0,5  

.  0,2  

.  

 37 0  30 .  0,02  

0,02 % .  

 0,2  1,8 , 

 0,2  1% ,  7 .  

,  0,2  1 %                       

 10 .  

 539 .  

: 

 t  
82 N ;           (2.9) 

 N -  NO2 ;  

t –   

 

.  [315].  
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 (FeCl3. 6H2O),  )   

 

.  3 

 0,1 % ,  

,  2  ( .). 

 55-65 0  (FeCl3. 6H2O)  

,  20 0  

 2- .  

 (  

).  

. 

.  1  

 3 %  

 10  4 0 . 

 (5000 g, 10 , 4 0 ) [316]. 

.  

-881 ( ). 

 I ,  

[317]. .  

 (20 )  100  0,1  Na-  

 (  4,0)  0,01  NaHPO4  4 0C.  

 (6000 g, 20 , 4 0 ).  

 (100  10 )  0,1  (  2,5),  

 (20 )  3-  

 4 0 .  ,   

 (  7,4). 

 (35000 g, 40 , 4 0 ). ,  

. 

 I  NaCl.                

1,5  NaCl ,  III.  
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 (40000 g, 40 , 4 ° ).  

,  2,2  NaCl, .  

 (65000 g, 60 , 4 0 ).  

 (  15 % KCl  0,02  NaHPO4                 

4 0 )  (65000 g, 60 , 4 0 ).  

.  

 24  6  HCl  105 0 .  

 

-881 ( ). 

 O. H. Lowry  

. [318],  750  

 

, , .  

.  

,  

 

.  

. 

 

 Total Protein Kit, MicroLowry, 

Onishiand Barr Modification (Sigma-Aldrich) . 

 

2.2.5.  

 

 TRI-

Reagent  Sigma,  

.  1  TRI-Reagent  100 , 

 200 ,  15 . 

 12000 g,  5 0  20 .  

3 :  -  ( ),  
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),   ( ).  ,  

 0,5 .  

12000 g, 50  25 .  70 % 

,  12000 g, 5 0  25 .  

 100  DEPC .  6  

 (  2 %,  ( )-

). . 

 

 Fermentas, .  

:  – 5 ,  – 1 , 

DEPC-  6 . ,  70 0  5  ,  

.  4  5  

, 1 , 2  10  

, . 

 250  5 .  1  

,  10  25 0  60  42 0 .  

 70 0  10 .  

 -20 0 . 

1, . 

,  

 CYP2E1 (  5'-CTTCGGGCCAGTGTTCAC-3'  5'-

CCCATATCTCAGAGTTGTGC-3'),  

 S. M. Lankford . [319].  

, :  5'-

GCTCGTCGTCGACAACGGCT-3'; 5'-

CAAACATGATCTGGGTCATCTTCT-3'.  

«Metabion», .  BioRad, 

.  :  DEPC-  15  ,  10   Taq  

 3 , 2,5  3 , 2,5  

MgCl2 3 ,  1 ,  3 , -
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 1 .  (744 . – CYP2E1  

353 . – )  2 % ,  

 (5 ), ,  

 GelDoc,  BioRAD, , 

 Quantity One BioRad System ( ). 

YP2E1  

,  

 CYP2E1.  

. -3-  (GAPDH)   

 (Sigma, )  

.  

 [320].  (50 ) 

 SDS-  

.  2 % 

, -CYP2E1 

,  

 (1/400, ),  anti-Rabbit IgG-HRP  

 Sigma, 1/5000, )  1 , . 

 CYP2 1 ,  

 

 ImageJ.  CYP2E1  

,  CYP2E1  

 GAPDH . 

 

 [321].  

 

. 25  0,5  

,  55 0  16  

.  

 (20 )  5  0,5  
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 3  37 0 .  

 0,5  

25:24:1  10  -4 0 , 

 1800 g  10 .  

 0,5 .  

 1:1 , 1/2  7,5  

 2   960 .  20  

,  1700 g, (-40 ) 

 5 .  700 .  

.  

, .  

  (10 -HCl  1 , pH 8)  

2 %  (50–60) V; 3,5 ).  

 (5 ), -

   GelDoc,  BioRad,  

,  Quantity One BioRad 

System ( ). 

,  

 Testosterone ELISA  DRG Instruments GmbH ( )  

 

. , , 

 

.  

c .  

 « », . 

 

, . 

 

.  
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BioTek. , 

.  

 

2.2.6.  

 

   

 -18 °  5 . 

 ( )                  

. Nachlas . [322],  ( )  

. ,  

 15  37 ° .  

.  

. 

 R. Hess 

.  [323],  A. G. E.  Pearse [324].  

, ,  15  37 ° . 

 

.  

. 

                       

. .  [325]. ,  

 ( )  2-  37 °  

 0,1 % . 

 

CYP2E1  4 ,  

. , 

,  100 % ,  

, . 

,  10  

 (  6,2)  30 . 
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 CYP2E1 (Thermoscientific, Waltham, 

, ) .  

 

 1,0 %  30  37° . 

 

.  

30  37°  CYP2E1 

 1:100  7,2, 

 (PBS).  

 CYP2E1  anti-Rabbit IgG-HRP  

 (  1:40000),  20 , 

 37 ° .                         

3,3 .  CYP2E1 

, . , ,  

, , ,  /  

. 

 

2.2.7  

 CYP2E1 

 

 

 CYP2E1  [326].  

P450 2E1  SwissModel 

(http://www.expasy.ch/swissmod/SWISSMODEL.html),  [327]. 

 4-  

(PDB-  3 6I)  (PDB-  3E4E) 20  CYP2E1  

 Protein Data Bank (http://www.rcsb.org).  

 FredReceptor (  2.2.3, Open Eye 

Scientific Software, Inc., , , , 

http://www.eyesopen.com, 2005).  
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 HEX 5.0 Software 21,  (5d) 

 

.    

 (  

)  

 NAMD [328].  

 ( )  

 VMD Software [329],  

.  6190  

 TIP3P [330].  

 

NVE-  37 °  Charmm35 [331] 

 10 .  

 ArgusLab 4.01 [332].  

 ShapeDock.  

 Fred Receptor. 

 

2.2.8.  

 

 ±  

(M ± m).  

 t-  

 (ANOVA).  

0,05 [333].  

 (r)  

.  r  0 ,  

.  r  0,1  0,3 (-0,1  -0,3)  

 ( ) ,  -  0,3  0,7 (-0,3 -0,7)  

 ( ) ,  –  0,7  
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1,0 (-0,7  -1,0) -  ( ) . ,  

, , ,  

 t-  [333]. 
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 3 

 

, 

,  

-

 

 

 

 1993  

.  

 1995  [334]. , 

,  

 – . ,  

, 

 

. ,  

, , ,  

 6  [98].  

.  

 

, , ,  

 

. 

 

3.1.  

 

 -  (  

)  ( ), . 

,  

.  
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,  

).  

,  

) [335]. 

,  

, 

 

.  2,8 ,  

 ( . 3.1).  

 

 

 
 

. 3.1.  

 (M ± m, 

n 6). 

. * - p 0,05 . 
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,  1,6  

.  

 ( . 3.1). 

, -

, ,  

. ,  

,  

. 

, ,  

,  

 3  

1,5  ( . 3.2).  

 
. 3.2.  

 (M ± m, 

n 6). 

* - p 0,05 . 
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.  

 

 ( . 3.2).  

,  

 

,   ,  

. ,  

 ( , 

)  

)    (  3.1).  

,  

. , 

,  

.  

 80%  

. , ,  

, , ,  

,  

. ,  

 

,  20 %  

. ,  

,  

.  

. 3.1, ,  

 

,  

  (  

74 %).  
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 3.1 

 

   

 (M ± m, n 6) 

 

 

, . 
, 

% KCL 

 620,58  19,11 2,62  0,11 

 238,00  44,99 * # 1,58  0,29 * # 

 572,08  27,93 # 2,13  0,09 * # 

 636,50  12,72 # 2,21  0,07 * # 

 614,00  16,15 # 2,54  0,14 # 

 115,45  24,75 * 0,67  0,28 * 

: 

* - p 0,05 ; 

# - p 0,05 , . 

 

 

, 

 

,  40 %, 19 %  16 

%.  

,  

,  
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,  ( . 3.2).  24  

 4,  92 %. 

, , 

, , ,  

, ,  

,  66,67 %,  (  33,33 %). 

 ( ),  

   

 [336].  

 

 3.2 

 

 

 
 
 

 

, 
 

 
 

, % 
 24 22 91,7 

 12 4 33,33 

 12 10 83,33 

 12 8 66,67 

 12 10 83,33 

 24 4 17 

 

 ( . 3.2)  

 

, ,  

 

 ( . 3.2).  
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3.2.  

 

,  

, ,  

. ,  

 

, .  

,  

,  -  

 ( ).  

, ,  

.  

 

.  

 

 [336].  

 

, ,  (  

, )  2,4  

, ,  

,    –  5,2  

. 3.3) [337, 338]. ,  

 

.  

 

,  

. -  

.  , 
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,  

, .  

 

 3.3 

, ,  

 

  ( .,  ± m) 

 
 

  
  

 217 9,08  0,52# 

 15 3,75  0,47 * 

 110 11,00  0,57 # 

 111 9,25  1,30 # 

 112 9,33  1,30 # 

 7 1,75 ± 1,43* 

: 

* - p 0,05 ; 

# - p 0,05 , . 

 

 

,  

,  3.4. 

,  

,  

,  

, .  

 

 [339].  
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 3.3 
-  20-  

, ,    

 

 
 

-
 

-
 

-
 

-
   

 
, . 22 4 10 8 10 4 

 
, . 224 34 116 93 123 75 

 
,  

M ± m 

11,09 
± 

0,37 

8,50 
± 

0,73 

11,60 
± 

0,59 

11,63 
± 

0,38 

12,30 
± 

0,65* 

18,75 
± 

3,59 

 
, 

. 
219 16 111 86 114 26 

 
 

, M ± m 

9,95 
± 

0,59 

4,00 
± 

0,45* 

11,10 
± 

0,46 

10,75 
± 

0,42 

11,40 
± 

0,45 

6,50 
± 

3,33 

 
, . / % 18/10,2 18 / 52,9 5 / 4,3 7 / 7,5 9 / 7,3 48 / 65,3 

 
 

, M ± m 

0,82 
± 

0,32 

4,50 
± 

1,03* 

0,50 
± 

0,31 

0,88 
± 

0,23 

0,90 
± 

0,31 

12,00 
± 

3,89* 

 
, . / % 9/4,1 1 / 6,25 1 / 0,9 11 / 12,8 13 / 11,4 20 / 76,9 

 
 

, M ± m 

0,41 
± 

0,15 

0,14 
± 

0,14 

0,10 
± 

0,10 

1,38 
± 

1,24 

1,30 
± 

0,30 

5,00 
± 

3,72 

 
,  

. / % 
217/99 15 / 94 110 / 99 75 / 87 101 / 89 7 / 27 

 
 

, M ± m 

9,08 
± 

0,52 

3,75 
± 

0,47* 

11,00 
± 

0,52 

9,3 
8± 

1,41 

10,10 
± 

0,43 

1,75 
± 

1,43* 

 

, % 
3,1 55,9 5,2 19,4 17,9 90,7 

* - 0,05 . 
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, , , , 

,  

53% [340,341].  , ,  

 4 , - , 

, 65,3 %  76,9 %.  

,  

 

,  

 

 [338, 342]. 

 

3.3.  

 

,  

,  

: ,  

.  3.5, 

,   

 

.  

,  

 

,  

. ,  

 ( )  

.  

 

, ,  

,  

, , 
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,  [343].  

. 

,  ( )  

 [344, 345, 346, 347, 

362, 360]. ,  3.6, ,  

  

 3.5 

 

    

(M m, n  6)  

 

 

 
-

,  

 
 
-

, /100 
 

 

 
, 

3 

 

 
), 

 

 
 

 
), 

/100  
 

 2,98 0,09 0,89 0,03 1137 72 0,51 0,02 0,152 0,007 

 2,93 0,10 0,92 0,06 1167 85 0,43 0,02 0,138 0,008 

 3,11 0,14 0,85 0,04 1192 46 0,53 0,02 0,145 0,005 

 3,09 0,09 0,92 0,02 1127 74 0,53 0,02 0,156 0,005 

 2,85 0,14 0,87 0,04 1145 65 0,49 0,03 0,143 0,007 

 
 2,86 0,07 0,89 0,05 1040 50 0,45 0,02 0,138 0,007 

 

, 

, ,  

, .  

 –  

,  

 [348, 349].  
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,  

 

. ,  XII  

 (  

) ,  

, .  

,  

, .  

 

 3.6 

 

     

(M m, n  6) 

-
 

 
-

,  
 

 / 
 

 
 

 
, 
 

 

 
 

,% 

 
, % 

 3,615 ± 0,011 69,393 ± 0,742 3,563 ± 0,365 0,313 ± 0,120 

 3,484 ± 0,008* 57,840 ± 0,465* 2,000 ± 0,316* 1,000 ± 0,316 

 3,530 ± 0,012* 59,540 ± 0,901* 2,200 ± 0,510 0,600 ± 0,400 

 3,494 ± 0,007* 62,110 ± 0,936* 2,200 ± 0,663 0,800 ± 0,374 

 3,552 ± 0,007* 61,060 ± 1,016* 2,400 ± 0,245 1,000 ± 0,316 

 
 3,535 ± 0,014* 59,573 ± 0,861* 2,412 ± 0,508 1,882 ± 0,363* 

. * - p 0,05 . 
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, ,  

 ( . 3.6). 

 

.  

.    

.  

, 

   ( . 3.3). 

 

 
. 3.3. . . 

.  200  

 

 ( , ) 

 

. ,  

, ,  

 

.  
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, .  

, 

, ,  

. 

,  

,  –  - 

   

,  .  ,  

 

,  

, . ,  

, ,  

.  

,  

 

. 3.4).  

 

 
. 3.4. :  -  

 ( );  -   (  

).  Nachlas .,   400. 
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, 

 

,  ( . 3.4). 

 

. ,  

,  

,  

  . 

,  24  

, , ,  

 [350, 
351, 352, 353]. , 

 ( . 3.5).  

 

 
. 3.5.  

. .  

.  200. 

 

,  

 „ ”, .  
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,  

     ( . 3.6).  

,  2-  6-  

 

,  

  ( . 3.7). 

 
. 3.6.  

. .  

.  200. 

 
. 3.7. . 

.  

.  400. 
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,  

,  

,  

 ( . 3.8). 

 

 
 

. 3.8. .  

. .  400. 

 

 

,  

. 3.9) ,  - " "  

 ( . 3.10).  

,  

. 3.6,    

.  
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. 3.9.  

. . . 

 400. 

 

 

 
. 3.10.  - " ". 

. .  400. 

 

,  

 (  3.11). 
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. 3.11.  

. . . 

 400. 

 

, . 3.12  3.13, , ,  

,  

 (  

, « »).  

 

 

. 3.12.  

. . . 

 400. 
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. 3.13.  - " ". 

. .  400. 

 

 

,  

. , ,  

 

 ( . 3.14),  

 

 

. 3.14.  " ".  

.  .  400. 
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 ( . 3.15) 

 ( . 3.16). 

 

 

. 3.15.  

. . . 

 400. 

   

 

. 3.16. . .  

.  200. 

 

,  
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.  

 

 ( . 3.17  

3.18).  

 
. 3.17.  

. .  

.  400. 

 

 
. 3.18.  

. . . 

 400. 
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, ,  

. 

 [354]  [477]  

   

, , , 

. 

,  

 

, ,  

. 

 

3.4.  

 

,  

 

, ,  

,  

. 

,  

: 

1. ,  

, , , )  

 

 1,6-2,8  ( 0,05). 

2.  

 (  

  - ,   -  74 % 

0,05),  –  80 % ( 0,05),  
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 (  

 17 %). 

3.  

,  

  , 

 

, ,  

. 

4. ,  

, 

, . 

5.  

,  81 % ( 0,05)  

-  55 % 

0,05)  73 % ( 0,05) .  

. 
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 4 

 

 

 

, , 

,  

 

,  

. ,  -  

,  

, , , 

 

.  

 

,  

 

. 

 

4.1.  CYP2 1  

 

, -450, 

 – .  

,  

.  

: -450  

,  

; ,  

  -450 

[355].  

  -450 ,  



144 
 

, 

.   

,  

,  

. ,  

 ( ) ,  

. , ,  

, ,  

CYP2E1 [356]. , ,  

 CYP2E1, ,  

 –  

 [357]. 

,  CYP2E1  

  ,  

 [126, 128, 129],  

   

, ,  [340, 

341, 358, 359, 360, 361,362, 350, 352, 352, 353]. 

 

 CYP2 1  ( . 

4.1).  

   CYP2 1 

 (  28 ),  (  8,5 )  

 (  19 ).  

 CYP2 1  

 [363]. 

, ,  

 CYP2E1  

 [364].  
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. 4.1.  CYP2 1  

: ) 

 CYP2 1  

(Mr – , 1- ; 2 – ; 3 - ; 4 – ; 5 – 

; 6 – ); )    CYP2 1 - 

 100 % (M m, n  6). 

. *- p 0,05 . 

 

 CYP2E1 ,  

,  

 [351, 352, 353].  CYP2E1  

                                                                  

3,3  

.  

CYP2E1 , .  

, . 4.2,  
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CYP2E1 , ,  

. , , 

. 

 

 
 

. 4.2.  CYP2E1  

 

: A – ; , ,  – 

,  

, ;  –  

, . 

 200. 

 

 CYP2E1                    
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–  

. 4.3.  

. 

 

 
. 4.3.   

        

(M m, n  6). 

: 

*- p 0,05 ; 

# - p 0,05 , . 

 

 

.                     

 3  7  

.  CYP2E1  
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, . 

 16 . 

,  

,  CYP2E1  

-450 2 1  

,  [47]. 

 CYP2 1, 

 

 CYP2 1.  

 

 CYP2 1 .  2,  

 CYP2 1  

.  PubChem (CID 

14052)  ArgusLab (Mark Thompson and 

Planaria Software LLC),  

 UFF.  CYP2 1  

 ArgusLab  

(Lamarkian Genetic Algorithm).  

 CYP2 1-  ( . 4.1, . 4.4).  

,  

 CYP2 1. 

 4.1 

 ( Ggibs) ,  

 

 
Ggibs, 

 

,  

 

 6,58 

, Leu103, Phe106, Phe207, Leu210, Ser211, 

Leu215, Gln216, Phe298, Ala299, Thr303, Leu363, 

Val364, Leu368, Pro369, Phe478 
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. 4.4 ,  

 CYP2 1.  

. ,  

, ,  

.  

 

 
 

. 4.4.  ( )  

 CYP2 1. ,  

. 

 

 

,  

 CYP2 1.  

,  

 CYP2 1  

 

 

 [365, 366]. 

,  
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,  [65].  

 

, ,  [123]. 

,  

CYP2 1 , ,  – 

 [123].  

 CYP2E1  

, ,  

,  

,  

.  

, ,  

,  

. , 

,  CYP2E1  [367]. 2  

,  

-450 

(P450scc)  (StAR), 

,  

 [368, 369]. 

 

 

CYP2E1 ,  (r = -0,87; =0,001)  

 (r = -0,92; =0,001)  (r = -0,98; =0,001).   

 [370, 371] ,  

, ,  

, -450,  

,  

. ,  
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,  

, , ,  

,  

.  

 

4.2.  

 

,  

 

 

. ,  /  

,  

, , , 

 [372]. ,  

,  

 

, , (20:4)  (22:6), ,  

: , , -

,  P-450 [373, 374, 375].  

 

-    

, . 

, 

 

 1,2  1,9  

 [376].  

 22%  12%  

 ( . 4.2  4.3).  

 18% 

 - ,  
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,  

,  

,  [377]. 

   

  

 

 4.2  

-  

 

 (M  m, n  6)  

 
 

 

 
-

   
, 

. –1. –1 

 
-

 
-

, 
. –1. –1 

, 
. . -1 

 0,259 ± 0,002 0,120 ± 0,018 120,65 ± 5,30 

 0,345 ± 0,010* 0,286 ± 0,009* 179,76 ± 18,64* # 

 0,322 ± 0,024* 0,150 ± 0,025 123,86 ± 5,62 # 

 0,347 ± 0,014* 0,260 ± 0,011* 81,78 ± 8,05* 

 0,344 ± 0,003* 0,147 ± 0,019 131,99 ± 8,43 # 

 0,302 ± 0,031* 0,223 ± 0,016* 93,35 ± 5,30* 

: 

* - 0,05 ; 

# - p 0,05 , . 
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.  

, ,  

- / 

 [378].  

 

 4.3  

,  

   

(M m, n  6)  

 
 

 

 
SH-  

 
, 

 . -1 

 
 
, 

 . -1 

 

-
 

 
, 

. –1. –1 

 4,37 ± 0,51 3,21 ± 0,05 1,615 ± 0,063 

 6,18 ± 0,88 2,79 ± 0,11* 1,521 ± 0,063# 

 5,79 ± 0,41 3,10 ± 0,12 1,478 ± 0,044# 

 6,36 ± 0,83 2,76 ± 0,07* 2,136 ± 0,125* 

 5,86 ± 0,48 3,12 ± 0,14 1,510 ± 0,072 # 

 6,12 ± 0,70 2,83 ± 0,11* 1,900 ± 0,070* 

: 

* - p 0,05 ; 

# - p 0,05 , . 

 

,  



154 
 

 

-

S .  

.  de novo ,  

 

.  

, .  

,  

,  

.   

 

 [379]. 

,  

 

. ,   

, .  

 

 1,3  2,4  ( . 

3.4). ,  1,5 ,  

 13% ,  ( . 4.4  4.5). 

 SH-  

. 4.3). 

 

,  (  

),  

-450. , ,  

 

 32%  35% ( . 4.2  4.3). 

 

. 4.3). 
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 24%  34% ,  

 ( . 4.4).  

,  

 SH-  ( . 4.2  4.3). 

,  

, , 

,  

 [380]. 

, ,  

,  

 

.  

 
 
4.2.  

 

-450 2 1,  

,  

. ,  

 ( , ,  

).  

,  

.  

 P450 , 

,  

.  

,  

,  
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,  

,    P-450. 

 

, ) ,  

”  [381].  

, , , , 

 

 ( . 4.5) [382].  

 

 
 

. 4.5.  

 (1 – ; 2 – 

; 3 – ; 4 – ; 5 – ; 6 – 

).  

Quantity One. 



157 
 

 

,  

 1000 .  600 .  

, ,  

, ,  

 40-30 .,  –  

 20-30 . ( . 4.5). 

 

 

. 4.4. 

 

 4.4 

 

 

 %  
 

 6,83 

 14,74 

 14,91 

 26,99 

 35,00 

 20,51 

 

 

 ( . 4.6).  

 150-100 .  

 -  30-40 .  
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 1000  20-30 .  

, , 

,  

 20-30 .,  

 (  

)  

.  

 [361, 383, 384].  

 

 
. 4.6.  

 (1 – ; 2 

– ; 3 – ; 4 – ; ; 6 - 

).  

Quantity One. 
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. 4.5. ,  

 

. 

 

 4.5 

 

 

 

 %  
 

 6,84 

 14,76 

 44,11 

 41,40 

 30,98 

 47,24 

 

 (  6,4 

),  (  6 ),  (  4,5 )  4-  

 6,9 ). 

 

4.6.  

 

,  

 

, ,  
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 CYP2E1,  

. ,  

 

. 

,  

: 

1.  

,  

CYP2 1 ,  

,  

.  

2.  

 CYP2E1  

. 

3.  CYP2 1  

, 

 4-  

.  

 CYP2E1  

. 

4.    CYP2E1  

,  

-  (  

,  

, ).  

5. , ,  

 

, . 
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 5 

 

 

 

 

 

 

, ,  

 M. tuberculosis ,  

, ,  

 (  / ) [385].  

 

 

,   

 

, ,  

,  (  1)  

 (  2) [386, 387].  

 

5.1.  

 

 

,  1, ,  

.  

 68 %  

 ( . 5.1).  

 2,  

,  

. 5.1). 

 



162 
 

 

 
 

. 5.1.  

 (M m, n  

6). 

. * - p 0,05 . 

 

 

,  

)  (  

),  5.2. ,  

 1  2  

 77  34 %.  

 1 

 65 %,  2  

. 
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. 5.2.  

: - ;  –  (M m, n  

6). 

.* - p 0,05 . 

 

 

 

 ( . 5.1).  

 

. , ,  2 

 (  8,3 % 

),  1  

 (  77,3 % ).  
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 5.1 

 

 

 
 
 

 

, 
 

 
 

, % 

 44 38 86,4 

 1 44 4 9,1 

 2 32 25 78,1 

 

5.2.  

 

 

,  

.  

- ,  

, .  

 

, , 

 5.2.  

 

,  1, 

,  

 ( . 5.2). ,  

 2  ( . 5.2).  

 

 

 1- .  

-  
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 7  24  ( . 5.2). 

 

 5.2 

-  20-  

, ,    

 

 
 

  1  2 

 
, . 

38 4 25 

 
, . 

403 50 259 

 
,  

M ± m 
10,60 ± 0,28 12,5 ± 3,20 10,36 ± 0,38 

 
, . 

380 30 228 

 
 

, M ± m 
10,0 ± 0,31 7,50 ± 3,43 9,12 ± 0,64 

 
, . / % 

23 /  5,7 18 / 40,0 30 / 12,0 

 
 

, M ± m 
0,61 ± 0,21 4,50 ± 1,94 1,20 ± 0,41 

 
, . / % 

10 / 2,63 19 / 63,33 18 / 12,0 

 
 

, M ± m 
0,26 ± 0,08 4,75 ± 3,81 0,72 ± 0,21* 

 
, . / % 

371 11 212 

 
 

, M ± m 
9,76 ± 0,32 2,75 ± 2,43 8,48 ± 0,66 

 
-

, % 
7,94 78,0 18,15 

.* - p 0,05 . 
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 2 : -  

 2  4  ( . 5.2). 

, , 

,  

. 

, ,  

. 

 

5.3.  

 
   

,  

, ,  

,  

.  

,  

,  

. 

 

,   ,  

 2- . ,  

 

: ,  

.  5.3. 

,  

   

.  

 

.  5.4  
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.  

 

 5.3 

   

 (M m, n  6)  

 
 

    1  2 

,  0,24 2,93 0,10 3,08 0,25 0,12 3,07 0,33 

 
,  

 . 100 . .-1 
0,04 0,92 0,06 0,91 0,09 0,03 0,87 0,09 

, 3 1282 1167 85 1413 35 1384 181 

 
),  0,5 0,02 0,43 0,02 0,48 0,04 0,46 0,02 0,46 0,03 

 
 ( ), 

 . 100 . .-1 
0,15 0,01 0,138 0,01 0,14 0,01 0,14 0,01 0,14 0,01 

 

 

.  

XII  

 1  

 2. 

,  

,  

.  1  

 

 2,7  ( . 5.4).  

,  (  

)  « » (  1)  
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 ( . 5.4).  

 

 5.4 

 

    

(M m, n  6)  

 
 

 
-

  
-

 1 
-

 2 
 

, 
 

 / 
 

 

3,615 
± 

0,011 

3,48 
± 

0,008* 

3,41 
± 

0,13 

3,535 
± 

0,014* 

3,533 
± 

0,011* 

 
, 
 

 

69,393 
± 

0,742 

57,84 
± 

0,46* 

43,62 
± 

5,53* 

59,573 
± 

0,861* 

54,56 
± 

2,398* 
 

 
 

,% 

3,563 
± 

0,365 

2,0 
± 

0,32 

3,6 
± 

1,08 

2,412 
± 

0,508 

2,455 
± 

0,366* 

 
, % 

1,063 
± 

0,249 

0,32 
± 

0,05 

1,3 
± 

0,81 

2,882 
± 

0,283* 

1,818 
± 

0,444 

, 
% 

0,313 
± 

0,120 

0,31 
± 

0,17 

2,2 
± 

0,97 

1,882 
± 

0,363* 

1,545 
± 

0,390* 

”,% 
0,500 

± 
0,158 

1,4 
± 

0,51 

3,6 
± 

1,83 

1,765 
± 

0,265* 

2,27 
± 

0,070 
. * - p 0,05 . 

 

,  

 

. ,  

,  

 ( . 
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5.5). 

 

 
. 5.5. .  

. .  200.  

 

,  

 

,  ( . 5.6). 

 

 
 

. 5.6. , .  

. .  200.  
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 50 % ,  1,  

,  

. -

.  

 

 ( . 5.7),  

,  

.  

 ( . 5.8). 

 

 

. 5.7. .  

  1. .  200. 

 

,  

.  

.  

,  

 ( . 5.9).  

 

.  
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,  

. 

 

 
. 5.8. ,  

.  1. . 

 200. 

 

 
. 5.9.  

.  1.  

.  200.  
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,  2  

.  

.  

 

.  

. ,  

  ( . 5.10).  

 

 
. 5.10. ,  

.   2. . 

 200. 

 

 

. 

,  

 2,  

,  

. 
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5.4.  CYP2 1  

 
,  

,  

 CYP2 1 .  

 

 CYP2 1 . 

 5.11.  

 

 
. 5.11.  CYP2 1  

: ) 

 CYP2 1  

(Mr – , 1- ; 2 – ; 3 - ; 4 –  

1; 5 –  2); )    CYP2 1 - 

 100 % (M m, n  6). 

. *- 0,05 . 
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 CYP2 1 (  18-19 )  

,  1  2.  

 8  

, .   

,  

 CYP2 1. ,  

 

. 

,  

CYP2 1 ,  1,  

,  2.  

 CYP2 1 .  

 

 [388]. 

 5.12 ,  

 2  100 

.  20 . 

  1    

 6- .    

 1200 .,  — 

850 .,  - 650 .  – 550 .  

 40-30 .  

 ( . 5.12).  

  2  6  

: -     1000 .,  — 850 .,  

– 500 .,  - 400 .,  – 200 .  40-30 .   

,  40-30 .  

 1,5 , .  
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. 5.12.  

 (Mr – , 1- ; 

2 –  1; 3 –  2).  

 Quantity One. 

 

, , 

 3-4  

 ( . 5.5). 

,  

.  

 

 ( . 5.13).  

 ( )   
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 5.5 

 

 

 %  
 

 6,51 

 1 22,22 

 2 28,29 

 

 3-  (  - 250 .,  - 

150 .  – 20 .).  

.  

 
. 5.13.  

 (Mr – , 1- ; 2 –  1; 3 – 

 2).  

Quantity One. 
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 1    

 10 .    

 900 .,  — 

800 .,  - 750 .,  - 550 .,  — 500 .,  - 400 ., 

 - 350 .,  – 250 .  

 – 30  40 .  

,    ( . 5.13).  

 2  ,  ,   

 ( )  

.   2  9 

 800 . 

 20 . . 

 

 1  2 ,  7  5,6  ( . 

5.6). 

 

 5.6 

 

 

 %  
 

 6,53 

 1 46,81 

 2 36,54 

 

,  

 

. 
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5.5.  

 

 

 ( . 5.7). ,  

 1  

 (  27 %)  (  38 

%) ,   2 -  

 20 %. 

 

 5.7 

 

 

,  

 . -1 . -1 (M  m, n  6)  

 

 

 
 

 
 

 0,250 ± 0,020 0,100 ± 0,006 

 1 0,317 ± 0,010* 0,162 ± 0,006* 

 2 0,302 ± 0,031* 0,104 ± 0,006  

* - p 0,05 . 

 

, ,  

 1  

 23 % ( . 5.14).  

 

 1 , ,  CYP2E1-  

.  ,   



179 
 

 

 
 

. 5.4.  

 (M m, n  6).  

. * - p 0,05 . 

 

 2 , ,  

 CYP2E1 . ,  in 

vitro  

, ,  

 

 [389]. 

 

5.6.  

 

,  

,  

, ,  
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 CYP2 1 ,  

, .  

,  

: 

1.  

, 

.  

2.  

, . 

 

.  

3.  

 CYP2 1 .  

4.  

 CYP2 1,  

. 

5.  

,  

 

. 

6.  

 1.  1, ,  

 

 (  15 %, 0,05)  

 (  38 %, 0,05),  

 (  23 %, 0,05).   2,  

, . 
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 6 

 

 

, , , )  

 

 

 

 

;  

 [390]. ,  

,  

, .  

,    

 CYP2E1.  

 

, ,  

. CYP2E1 ,  

,  

,  

.  CYP2E1  

,  

 [391].  

 

 CYP2E1  

,  

. 

 

,  

, 

 [152].  



182 
 

 

 [392],  

 [393]. 

 

6.1.  

 

 

 

,  

.  

, . 

[10, 11]. ,  

 [394].  

,  

. 

 ( , ,  

) ,  

 

,  6.1. ,  

 150  15 %  

 1,8 ,  

,  

 (  3,2  1,7 ).  

, , 

 ~ 15 %  

, ,  

. 6.1). 

, ,  –  

, , 

. 
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 6.1 

 

 

 (M m, n  6) 

 

 

  
 

 
 + 

 
 

,  
106  .  -1 

82,17 ± 7,07 44,40 ± 4,64* 25,9 ± 4,88* ** 

 ( ) 
 ,  0,538 ± 0,020 0,531 ± 0,040 0,463 ± 0,020* ** 

 ( )  
 ,  0,140 ± 0,007 0,125 ± 0,011 0,107 ± 0,007* ** 

: 

* - p 0,05 ;  

** - p 0,05 . 

 

, . 6.2,   

 

. ,  

 ( ,  

),  ( )   

 25 %.  

 

 

. ,  

, ,  

,  

 ( . 6.3). 



184 
 

 6.2 

 

 

 (M m, n  6) 

 

 

 
 

 
 

 
 + 

 

, . 423,16 ± 17,70 363,50 ± 16,00* 314,16 ± 26,8* 

, % 
KCL 2,85 ± 0,16 2,80 ± 0,25 2,40 ± 0,23* 

. * - p 0,05  

 

 14  4,  

 

,  93 % 

 71 % . 

 
 

 6.3 

 

 

 

 
 
 

 

 
,  

 

 
 

, % 

 14 13 93 

 
 14 10 71 

 
 +  14 4 29 
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6.2.  

 

 

 

,  

,  

. , ,  

 

 [395]. ,  

, . , 

,  

 ( ), 

 [395]. ,  

 15 % -

, ,  

.  

 CYP2E1  

 

, ,  

. 

,  

,  

, . ,  

 

, ,  

 [396]. 

,  
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 [397],  32%,  

 9,6% ( . 6.4).  

 6.4 

-  20-  

,  

 

 

 

  
 

 
 

+  
 

, . 13 10 4 

 
, . 146 128 75 

 
,  

M ± m 
11,23 ± 0,73 12,80 ± 0,90 18,75 ± 1,0* ** 

 
, . 132 87 46 

 
 

, M ± m 
10,15 ± 0,55 8,70 ± 0,87 11,5 ± 2,15 

 
, . / % 17 / 9,58 41 / 32,03 28 / 38,67 

 
, M ± m 1,31 ± 0,41 4,10 ± 0,88* 2,57 ± 0,24 

 
, . / % 10 / 7,58 8 / 9,19 46 / 100 

 
, 

M ± m 
0,76 ± 0,32 0,80 ± 0,36 11,50 ± 2,15* ** 

 
, . / % 125 / 94,69 81 / 93,10 0 / 0 

 
, M ± m 9,62 ± 0,40 8,10 ± 0,82 0 

 
 

, % 
14 37 100 

.* - p 0,05 . 
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, 

. , 

, ,  

 

,  100 %. 

 

 22 %  

,  100 %  

. 6.4).  100 %-  

 

. 

 6  « »  « » 

 

.  

 

 ( . 6.5).  
 

 6.5 

 150-  15 %  

 

 
 

  
 

, . 6 6 

, . 56 78 

, . 56 76 

, . 0 2 

, % 59 / 41 56 / 44 

 0,69 0,78 
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 2 , 

.  

, ,  

,  ( . 6.5). 

 

,  

 4, 7, 14  21 .  

 6.6 , , ,  

4-  14- .  

 
 6.6 

 150-  15 %  

 ( ./ %) 

 
 

-
 

-
 

 
,   

, 
. 

( %) 

4 7 14 21 
. 

( %) 
 

. 
( %) 

 

. 
( %) 

 

. 
( %) 

 

 56 - 
(0 %) 

- 
(0 %) 

- 
(0 %) 

- 
(0 %) 

- 
(0 %) 

 
 76 2 

(2,6 %) 
- 

(0 %) 
6 

( 8,0 %) 
- 

(0 %) 
7 

(10 %) 

 

 21  

 10%,  ( . 6.6).   

,  

,  

.  

,  ( . 6.7).  
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,  

. ,  

, .  

 
 6.7 

 150-  15 %  

 

 
 

-
 
-
-
 

,  

1-  4-  7-  14-  21-  

 56 
5,98 

± 
0,15 

9,38 
± 

0,67 

11,61 
± 

0,99 

21,89 
± 

2,20 

35,05 
± 

4,93 

 
 76 

6,56 
± 

0,16* 

9,71 
± 

0,45 

14,67 
± 

0,96 

24,56 
± 

0,89 

42,50 
± 

4,23 

. *- p 0,05 . 

 
 –  

 

 ( ).  

 

, , 

 

. ,  

,  

 ( , , , , 

, , ). 

,  
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. ,  

, .  

 (  

)  15 %  

 «  

».  6.8. 
 

 6.8 

  ,  

,    150  15 %  

 (M ± m; n=24) 

 
 

  

,  1,29 ± 0,20 1,03 ± 0,30 

 
, 

, 
 3  

-
 92,83 ± 4,60 62,09 ± 6,90* 

 20,50 ± 2,60 12,00 ± 1,40* 

,  
 3  11,41 ± 0,94 8,40 ± 1,01* 

                
,  

 3  
9,95 ± 0,78 6,37 ± 0,82* 

, 
 3  1,25 ± 0,17 1,68 ± 0,37 

, 
 3  1,0 ± 0,18 0,90 ± 0,13 

, 
 3  1,25 ± 0,25 1,12 ± 0,19 

 
. *- p 0,05 . 
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, , 

. ,  

 (  

,  32 %  44 % ), 

 (-26 %)  (-46 %)  [398, 399]. 

,  

, 

,  15 %  

 

. , -

 

 

. 

 

6.3.  

 

,  

, . 

, ,  

,  

 ( ) .  

.  

 6.9 

 

 

. 

 

.  

. 
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 6.9 

 

 

 (M m, n  6) 

 

 

  
 

 
 +  

,  0,24 2,93 0,10 3,08 0,25 

 
,  

 . 100 -1 
0,04 0,92 0,06 0,91 0,09 

, 3 1282 1167 85 1413 35 

 

 

. 

, ,  

 ( . 

6.1). 

 

.  

 1,4  

 ( . 6.2, . 6.10).  

, ,  

 

, ,  " " ( . 

6.3, . 6.10). . 
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. 6.1. . . 

.  200. 

 

 
. 6.2  

   15%  150 . 

.  100. 

 

 

, , ,  

. ,  



194 
 

 6.4  6.10,  

 

.  
 

 
. 6.3 ,  

(« »),  15%  

150 . .  100. 

 
. 6.4.  

. ,  

.  

.  100. 
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, . 6.10,  

, ,  

(« »), . ,  

 15 % , . 

,  

 4 ,  

 -  5 .  « »  

 7  9 .  

 

 6.10 

 

 

 (M ± m, n 6) 

 

 

  
 

 
 + 

 
, 

 
 /  

 
3,623 ± 0,012 3,523 ± 0,027* 3,480 ± 0,019* 

, 
 

 
67,605 ± 0,890 57,845 ± 1,864* 53,795 ± 0,697* 

 
 

,% 
2,667 ± 0,715 2,000 ± 0,258 1,500 ± 0,503 

, % 1,167 ± 0,447 4,833 ± 1,537* 6,167 ± 0,964* 

”,% 0,500 ± 0,342 3,333 ± 1,085* 4,667 ± 0,667* 

. * - p 0,05 . 
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, . 6.10, ,  

 

. , ,  

,  14%  20% 

. ,  

, . 

,  

 XII  

:  

,  (  

)  

. 

,  

 

,  

.  

 

 

6.4.  CYP2E1  

 

 

,  

YP,  CYP2E1, 1A2  3A4,  

[154, 155].  

-450.  

 CYP2E1  [400].  

 

.  



197 
 

 150-  15 %  

 

 CYP2E1  

 [401, 402, 403].  

. 6.5  6.6.  

,  

. , . 6.5  

 CYP2 1  

 5 . 

 

 
. 6.5.  CYP2 1  

: A) 

 CYP2 1  

(1 – ; 2 ; 3 –  

); ) -    CYP2 1 -  

-  100 % (M ± m, n 6). 

. *- p 0,05 . 
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,  CYP2E1  

, ,  3,6  

 ( . 6.6).  

 

 CYP2E1 , ,  5,9 

 ( . 6.6). 

 

 
 

. 6.2.  CYP2 1  

: A) 

 CYP2 1  

(1 – ; 2 ; 3 –  

); ) -    CYP2 1 -  

-  100 % (M ± m, n 6). 

: 

*- p 0,05 ;  

**- p 0,05  
 

,  CYP2E1 
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,  

 [123].  

. , . 6.7  6.8, ,  

 CYP2E1  

 2,2  1,4  

.  
 
 

 
. 6.4.   CYP2 1  

: )   

CYP2 1   

 CYP2 1 (1  2 ; 3  4  

; 5  6 ).  

; )    

CYP2 1  (M ± m, n 6). 

. *- p 0,05 . 

 

,  



200 
 

 CYP2E1   

 . 6.4).  

 

 
 

.  6.4.    CYP2 1   

: )   

CYP2 1   

 CYP2 1 (1  2 ; 3  4  

; 5  6 ).  

; )    

CYP2 1  (M ± m, n 6). 

. *- p 0,05 . 

 

,  CYP2E1  

, ,  

 (  2,3  1,2 , ).  
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-

 CYP2E1. 

, ,  

 15 %  

 CYP2 1 , . 

 CYP2E1 ,  

, -

,  

, . ,  

 CYP2E1  

 -  [404].  

 CYP2E1  

 

. ,  CYP2E1, , 

,  

 [123].  

 CYP2 1  

-  

. 

,  CYP2E1  

 CYP2E1 

,  

, .  

,  CYP2E1  

 (r = -0,99;  = 0,001) 

 

 (r = 0,99;  = 0,001) [370, 371]. 

 CYP2E1   
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. 

 

6.5.  

 

 

 

 ( . 6.9) [405].  

 

 

. 3.8.  

 15 %  150  (1 — ; 2 — 

).  

 Quantity One. 

 

 2  

 170  20 .  
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 170 .,  

 20 . ( . 6.9). ,   

,  9  600  30 . ( . 6.9). 

 

 600, 550, 500, 400, 280, 250, 200, 150 .,  

 – 30  

  ,  

 –  

 950, 800, 750, 600, 550, 300  200 . 

 

 50  40 . 

 

 

 

. 6.10) [406].  

 50  20 .  

 

 400  

150 .  – 50  20 .  

  ,  

 

. ,  

 900, 700, 500, 300  100 .  

 20 . 

 

, 

, ,  

 [407]. 
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. 6.10.  

 (Mr – ; 1 – 

; 2 – ; 3 -  

).  

Quantity One. 

 

  

,  

 4  ( . 6.11).  

 

. , ,  

. 
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 6.11 

 

 

 

 
%  

  

 6,1 6,7 

 26,7 29,4 

 +  33,4 32,6 

 
 

,  

:  

 CD95-Fas  [408, 409]. ,  

, ,  CYP2E1 

, ) .  

,  

 CYP2E1  

 [410]. 

 

6.6.  

 

 

,  

,  

 [411].  

, ,  

.  

,  



206 
 

 in vivo [411].  

. 

 NO-  

150-  6.11.  

 

 
 

.  6.11.   cNOS   iNOS   

 15%  150  (  ± m, n 6). 

. *- p<0,05 . 
 

,  cNOS 

.  iNOS  1,6  

 [405]. 

,  6.12,  

- .  

 15 %-  

,  

 –  
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 30 %  49 % . ,  

 

 iNOS.  

 

 6.12 

-  

 15%-  150  (  ± m, n  6) 

 
 

  
 

  
, 

 . -1 . -1 
177,07  3,08 374,91  10,57* 

, 
. . -1 . -1 4,60  0,06 2,34  0,15* 

, 
 H2O2  

.
 

-1 . -1 13,65  0,29 9,41  0,17* 

. *- p 0,05 . 

 

,  

 

[412] -

,  150  15 %  

 [405]. 

 

 8  ( . 6.13).  (-19 %), 

 (-30,5 %),  (-11 %),  (-8 %),  (-16 %) ,  

 (+ 56 %),  (+ 42 %)  (+ 19 %). 

. 3.2  

.  
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 [413].  

 

 [414]. 

 

 6.13 

 ( /1000 )  

 15%  150  

 ± m, n  6) 

 
 

  

1 2 3 
 4,37  0,35 4,31  0,31 

 0,50  0,05 0,78  0,01* 

 3,29  0,33 3,74  0,11 

 1,42  0,53 1,39  0,40 

 1,15  0,05 0,93  0,03* 

 2,05  0,35 1,58  0,08 

 2,61  0,20 2,00  0,10* 

 4,62  0,45 4,75  0,50 

 40,21  2,40 39,14  2,59 

 4,49  0,45 4,68  0,30 

 1,86  0,15 1,88  0,10 

 2,67  0,05 2,40  0,01* 

 4,77  0,09 4,40  0,10* 

 0,50  0,10 0,32  0,10 

 1,62  0,03 1,40  0,08* 
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 6.13 
 

1 2 3 
 0,33  0,05 0,47  0,03* 

  0,60  0,10 0,62  0,07 

 1,35  0,12 1,41  0,10 

 1,18  0,03 1,05  0,06 

 0,83  0,04 1,03  0,03* 
 

. *- p 0,05 . 
 

 I , 

 15 % ,  6.14. 

 

 (-12,4 %), 

 (-9,04 %),  (-11,9 %),  (-3,7 %),  (-9,8 

%),  (-22,3 %),  (-16,7 %),  

 (+25,1 %),  (+2,7 %)  (+10,1 

%) [415].  

,  

. 

 [416]  

.  : 

 :  

. , , , 

.  

,  

  

 [417]. 
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 6.14 

 ( /1000 )  

 15%  150  

 ± m, n = 6) 

 
 

  

1 2 3 

 4,30 ± 0,28 4,60 ± 0,90 

 29,80 ± 0,70 26,10 ± 0,62* 

 4,69 ± 0,40 4,70 ± 0,20 

 49,80 ± 3,60 48,80 ± 1,24 

 90,90 ± 1,30 113,0 ± 2,60* 

 46,70 ± 4,10 48,90 ± 3,96 

 17,80 ± 0,20 19,60 ± 0,40* 

 38,80 ± 0,20 34,20 ± 0,20* 

 75,20 ± 0,50 68,40 ± 2,40* 

 127,10 ± 0,70 122,40 ± 0,80* 

 323,70 ± 2,70 332,56 ± 1,22* 

 104,40 ± 3,10 94,20 ± 1,36* 

 27,10 ± 0,60 21,05 ± 0,95* 

 6,20 ± 0,10 6,80 ± 1,90 

  10,80 ± 0,80 11,80±1,87 

 29,20 ± 1,70 29,10 ± 5,25 

 3,70 ± 0,20 3,80 ± 0,32 

 12,00 ± 0,50 10,00 ± 0,30* 

. *- p 0,05 . 
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 [418, 419].  

 

,  

 [412, 420],  

,  

 [412]. ,  

 Arg-Gly-

Asp,  [421, 

422, 423].  

,  

 [424]. ,  

 I , . 

,  

, ,  

,  ,   

. ,  

 

 [425]. ,  

 

[409].  in vitro  

 70kD-  

-S6-  [426]. ,  

 [427,428],  

 I, 

 osteogenesis imperfecta [429]. , 

 

 

.  
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,  

,  

 CYP2E1 [123].  

 I  

 [430].  

, , ,  

,  

,  [431]. 

, , ,  

 [432].  

,  

 5 

 ( . 6.15). ,  

(-54 %),  (-52 %),  (-31 %)  (-46 %)   

 (+133 %). ,  

 [402]. 

 

 6.15 

 ( /100 )  

 15%  150  (  ± m, n = 6) 

 
 

  

1 2 3 
 2,60  0,30 1,20  0,10* 

 0,40  0,10 0,36  0,12 

 1,30  0,20 0,63  0,07* 

 0,60  0,20 0,52  0,10 

 9,70  3,10 8,80  2,50 
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 3.4 

1 2 3 
 2,20  0,10 2,40  0,10 

 2,60  0,10 1,80  0,09* 

 34,60  3,50 33,20  4,10 

 3,00  0,80 3,90  0,40 

 11,80  2,30 6,40  0,70* 

 8,00  1,30 9,10  1,00 

 0,70  0,20 0,50  0,10 

 0,80  0,20 0,36  0,08 

 0,30  0,10 0,70  0,10* 

  0,60  0,20 0,34  0,05 

 0,70  0,20 0,44  0,09 

 1,10 0,30 0,62  0,04 

 1,40  0,40 1,98  0,06 

 16,10 3,50 12,70  2,80 

 108,10  4,70 85,95  2,80* 

. *- p 0,05 . 

 

 

)  ( ),  

 ( ) [433].  

 

,  

 

 [395]. 
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 NO,  

,  (  

), , , , 

 [434]. ,  

 

,  

 [435]. ,  

 

 NO, ,  

, .  

 

.  

 [436, 437]. , ,  

- ,  

 [438].  -  

 [439].  

 (  

) ,  

 [440].  

, ,  

. ,  

 S- .  

,  

, ) [439].  

, ,  

,  S- -l- /S-

-1- , 

 (TNF) [441]. 

 

 [69, 439].  
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,  

 ( )  

 [442].  

,  

,  [443].  

 

,  

) [444],  

. 

,  

 20,5 % 

. 6.15).  

, , ,  

, . 

 

 25 %  45 % 

 ( . 6.16) [401]. 

 

 6.16 

 SH-  

 15%  150  (  ± m, n  6) 

 
 

  

, 
 . -1 

3,98 ± 0,63 4,98 ± 0,39* 

, 
 . -1 

1,34 ± 0,07 1,51 ± 0,17 

, 
 . -1 

2,64 ± 0,68 3,84 ± 0,36* 

. *- p 0,05 . 
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, ,  

 

, ,  [445].  

 

.  

 [446, 447, 448] 

 

.  

. 

 –  - 

 

 [449]. 

,  

   

 n  (  CYP2E1)  

 1,5  « »  

 ( . 6.12).  

,  CYP2E1 

 1,5 

, ,  15 %-  

. 

  CYP2E1  

 [123]. ,  

, ,  

,  

.  

, -  

 [157].  



217 
 

 
. 6.5.   

 (M ± m, 

n 6). 

: 

*- p 0,05 ;  

**- p 0,05  

 

,  

,  

 [155]. 

,  

 

 

 (  82 %)  ( . 

6.13). 
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 CYP2E1 [123].  

 

 

 
. 6.13.  

   

 (M ± m, n 6). 

. *- p 0,05 .  

 

,  

,  

-S-  40 %  44 %  

 ( . 6.14).  

. 

,   -S   

, , ,  

.  

 

. , -S   
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 [450]. 

 
 

 
 

. 6.14. -S   

 

 (M ± m, n 6). 

. *- p 0,05 .  

 

 

SH- ,  

 (  6.17). ,  

 

 40 % ,  

 30 %  

. 

 SH- ,  
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, , .  

 36 % . 

 

 6.17 

 SH-  

  

 ± m, n 6) 

 
 

  
 

 
 +  

, 
 . -1 

5,75 ± 0,29 9,64 ± 0,81* 3,94 ± 0,39* ** 

SH- , 
 . -1 

9,65 ± 0,49 5,94 ± 0,70* 6,27 ± 1,22* 

. *- p 0,05 . 

 

,  

 

 

 ( )  ( ).  

,  

,  

 ( . 6.15). . 6.15  

 

.  

 

, ,  

,  

 ( . 6.16)  
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.  6.15.  :   -  ;   –  

 15% 

 150 ;  -  

, .  

Nachlas .,  200.  

 

 

 

, .  

 –  

,   . 

,   15 %  

,  

,  

.  

 

. 
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.  6.16.  :   -  ;   –  

 15 %  

 150 ;  -  

.  Hess  

.,  200.  

 

 

, ,  

   

. 

 

6.7.  

 

, 

,  

 CYP2 1  

, ,  

. ,  

 

, , 
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.  

, ,  

: 

1.  

:  

,  (  

,  

 « »). 

2.  

,  

.  

 

 4  ( 0,05),  5  

0,05);  « »  7  9  ( 0,05); 

 14 %  20 %  ( 0,05).  

,  

 ~ 15 % ( 0,05) 

 2,4  1,6  ( 0,05). 

3.  

 

.  

 3,2 

 2,4  ( 0,05). 

4.  15 %  

 

.  22 %  

 ( 0,05);  

;  
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 « »  21-  

,  (-32-44 %; 0,05), 

 (-26 %; 0,05)  (-46 %; 0,05) . 

5. ,  

 

,  

,  

100 %.  

6.  150  15 %  

 (  4,9  3 

, 0,05)  CYP2 1(  2,4  1,4 , 0,05).  

 

 CYP2E1  

 5  5,9  ( 0,05).  

  CYP2E1,  

, ,  

. 

7.  

                                        

n  (  CYP2E1)  

 1,5  ( 0,05)  « ». 

8.  CYP2E1  

 (r = -0,99; p = 0,001)  

 

 (r = 0,99; p = 0,001).  

 

. 

9.  

 

. ,  
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1000 .  

,  

.  

. 

10.  

: 

;  

, ; 

 (+25 %; 0,05)  

 (+45 %; 0,05),  SH-  (-36 %; 0,05); 

,  

  .  

 

. 
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 7 

 

 

, , , )  

 

 

 

,  

 [451].  

,  

 [452].  

 [453] :   

,  [454],  

. 

,  ,   1   2  ,  ,   

 CYP2E1 [455, 456, 457].  

 

,    CYP2E1 [458].  

, 

 

 [459]. ,  

, ,  

,  

 (  

) ,  

 [460, 461].  

, ,  

 [452]. , ,  

  ,  CYP2E1  

, ,  
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.  

 

7.1.  

 

,  1,  2  

,  

,  [462].  

 

.  

.  

 

 [463].  

 

,  

, , )  

.  

 1,6  

 ( .7.1). 

 

   2,7  ( .7.1). 

,  

,  

. 

,  

, ,  

,  

 [464].  

.  

 7.1 ,  
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 10  30 %.  

 

. 7.1.  

 

 ± m, n = 10). 

:*- p 0,05 . 

 

,  

 

 [465,466]. 

,  20 %  

, .  

, , ,  

 33 %  47 % 

. 7.2). , -

 

, . 
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 7.1 
 

 

 

 - 
 

-
 

- 
, 

% 

 20 20 100,0 

 20 18 90,0 

 +  20 14 70,0 

 

 7.2 

, ,   

 

 ( ., ± m) 

 
 

   +  

 
 222 159 82 

 
  11,1 ± 0,61 8,8 ± 0,7* 5,9 ± 1,3* # 

: 
*- p 0,05 ; 
#- p 0,05  « ». 

 

, ,  

 ( . . )  

  [396]. 
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7.2. -

 

,  

 

, ,  

.  

,  

,  7.3.  

, ,  

 [465].   

,  

.  

. ,  

, , ,  

,  

(5 %  20 % ),  

 6  13 , .  

, .  

 10  

, . ,  

. ,  

 

 2  4 . 

 3-4 ,  

. 

, ,  

 21-22 ,  

.  

. 7.4. 



231 
 

 7.3 

-  20-  

, ,    

 

 
 

   +  

1 2 3 4 
, 

. 20 18 14 

, 
. 255 214 161 

 
, M ± m 12,75 ± 0,48 11,89 ± 0,42 11,50 ± 0,54 

 
, . 226 179 110 

 
, M ± m 11,3 ± 0,60 9,94 ± 0,48 7,86 ± 1,05* 

, 
. / % 26 / 11,4 35 / 16,4 52 / 31,7 

 
, M ± m 1,30 ± 0,53 1,94 ± 0,35 3,71 ± 0,83* 

, 
. / % 4 / 1,8 20 / 11,2 27 / 24,5 

 
, M ± m 0,20 ± 0,09 1,11 ± 0,62 1,93 ± 0,74* 

 
, . / % 222 / 28,2 159 / 88,8 82 / 74,6 

 
, M ± m 11,1 ± 0,61 8,8 ± 0,7* 5,9 ± 1,3* # 

 
 

, % 
12,9 25,7 49,1 

: 
*- p 0,05 ; 
#- p 0,05  « ». 
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.  

 

[339]. 

 
 7.4 

 

, ,  

 

 ( . , %) 

- 
 

 
 

-
 
-
 
 

 - 

 

-
 
 

 1 
 

/ 
, 

% 

 4 47 47 0 11,75 55 / 45 

 4 44 44 0 11 48 / 52 

 +  3 30 30 0 10 50 / 50 

  
 

 

,  

,  

.  

    4- , 7- , 14-  21- .  

. 7.5 , ,  

, ,  
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, 

 

. 

 

 7.5 

, 

,  

  

. , %) 

 
 

 
 

, 
 

 
-
, 

 (%) 
 

4-  
 

 
7-  

 

 
14-  

 

 
21-  

 
 47 2 

(4,25%) 0 0 0 2 
(4,25%) 

 44 2 
(4,55%) 0 0 0 2 

(4,55%) 

 +  30 0 0 0 0 0 

 
 

 –  

 21-  

 7.6.  1- , 4-  21-  

,  

, .  

, ,  

,  

 21- .  
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 7.6   

 – ,  

,  

 , M ± m 

 
 

 
 
 
 

,  

1-  4-  7-  14-  21-  

 47 6,3  0,2 9,8  0,3 13,9  0,6 22,28  0,6 36,85  1,4 

 44 8,1 0,08* 11,2 0,3* 14,7 1,2 26,1 1,32 50, 6  1,2* 

 + 
 

30 7,0 0,4 10,6 0,2 15,4 1,0 27,23 2,1 41,27  1,1* 

:*- p 0,05 . 

 

 –  

,  

, . 7.7.  

 

.  

,  

,   ,  

, , , , , 

, ). , 

, ,  

.  
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 7.7  

 –  

, ,  

  

(M ± m, n 37) 

,  
 

    +  

 
 1,75  0,22 2,0  0 1,33  0,27 

 
 3,0  0 3,0  0 3,0  0 

 5,0  0 5,25  0,22 5,0  0 

  15,0  0,35 14,25  0,22 14,67  1,19 

 
   22,25  0,22 22,50  0,25 22,67  0,27 

 36,75  0,74 35,25  0,41 34,0  0,47 

 
 

 

 

 „ ”.   

 7.8. ,  

 « »  «  + »  

,  „ ”. ,  

 24 %  7 %,  - 

 86 %  75 %,  85 %  56% 

.  



236 
 

 7.8  

  , 

,  

  

(M  m, n 11) 

 
 

    +  

,  2,09  0,49 2,5  0,23 2,08  0,30 

 
,  

,  
 3  

-

 
62,09  3,86 47,28  2,83* 51,77  2,66* 

-
 6,0  1,22 11,18  1,02* 10,52  0,93* 

,  
 3  4,36  0,34 3,21  0,34* 4,23  0,39 

                
,  

 3  
3,91  0,55 2,34  0,23* 3,74  0,34 

, 
 3  1,50  0,30 1,12  0,09 1,60  0,11 

, 
 3  1,17  0,20 2,09  0,24* 2,41  0,23* 

, 
 3  1,43  0,28 2,65  0,27* 2,24  0,21 

 
:*- p 0,05 . 

 
,  

 26 %  40 %  

 85 %.  

 

. ,  

, ,  

 

. 
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7.3.   

 

 

:  

. ,  7.9,  

.  

\ 

 7.9 

,  

 (  ± m, n  6). 

 
 

  
 + 
 

,  3,5  0,14 3,24  0,26 3,30  0,12 
,  

 . 100 .-1 0,90 ± 0,022 1,04 ± 0,048* 1,14  0,08* 

, 3 1915 ± 0,61 1816 ± 0,79 1770 ± 0,09 

 
),  0,55  0,014 0,43  0,042 0,43  0,024* 

 
 ( ),  . 

100 .-1 
0,136  0,003 0,130  0,006 0,140  0,005 

. *- p 0,05 . 

 

 

,  

 15 %. ,  

. 

 

,  7.10,  

 [467].  
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 7.10 

 

 

 (  ± m, n 6) 

 
 

   +  
, 

 
 /  

 

3,61 ± 0,01 3,49 ± 0,01* 3,56 ± 0,42 # 

, 
 80,03 ± 0,68 65,99 ± 0,71* 70,68 ± 1,37 # 

 
,% 5,21 ± 0,44 2,02 ± 0,39* 5,67 ± 1,86 # 

, % 0,99 ± 0,55 3,01 ± 1,06 6,0 ± 3,79 # 

, % 0 1,4 ± 0,58* 6,67 ± 2,91* # 

», % 0 5,25 ± 1,29* 4,67 ± 1,45* # 

: 

*- p 0,05 ; 

# - n 6   

 

,  7.10,  

 

, ,  

 [465].  

 (  6),  

.  
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 ( ,  

, ,  

,  ( . 7.2  7.3).  

 

 
 

. 7.2.  

 ( ),  ( )  

 ( ) ,  

. . 

 400. 

 

 

.  

. 

,  

,  

 ( . 7.10).  
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. 7.3.  

)  ( )   ,  

. . 

 200. 

 

, , 

 ( . 7.7), 

 

,  

. 

  

,  

,  [465].  

 7.10, . 7.4, 7.5  

, ,  

 ( ), 

 ( )  " " 
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. 7.4. ,  

.  

.  400. 

 

. 7.5.  

. 

.  400. 

 

 ( ),  

,  
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 " " . 

 

. ,  

,  

, , . 

,  I  II  

 ( . 7.6 - ).  

 

 
. 7.6. .  - 

 

.  -  

   . 

 400. 

 

 

 

, . 

,  

 

 ( . 7.6 - ). 

,  
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, . 

 

7.4.   CYP2E1,  

 

 

 

CYP2E1  .   

. 7.7.  

 

 
. 7.7.  CYP2 1  

: A) 

 CYP2 1  

(1 – ; 2 ; 3 –  + ); )    

CYP2 1 - -  100 % (  ± m, n 6). 

. *- p 0,05 . 

 

, ,  

YP2 1 - ,  ( , , , 
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)  

. 

,  

 CYP2E1  (r = -0,99; 

p = 0,001)  « » (r = 0,96; p = 0,001). ,  

 CYP2E1  

 

 (r = 0,65; p = 0,01)  (r = 0,27; p = 0,05)  

 [371].  

 CYP2E1 ,  

,  

 [155],  

, ,  

,  

 

. ,  

. 

 

,  

 ( . 7.8).  

 7  

 1000 . ( ),  

650, 600, 500, 480, 50  30 . 

 19  

 1000 (6 ),  1000, 950, 900, 

800, 750, 650, 600, 550, 500, 480, 100, 50  40 .  

 15 ,   
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. 7.8.  

 (1 - 

; 2 - , 3 -  + ).  

 Quantity One. 

 

 1000 (4 ),  1000, 800, 700, 550, 500, 420, 400, 

340, 80, 70  50 . 

 7.11  

 

.  

 3,3  3,8 . 
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 7.11 

 

 

 

 %  
 

 6,61 

 21,76 

 +  25,36 

 

 

. 

 

7.5  

 

 

 [468]. ,  

, ,  

 [430].  

, , 

,  

. : 1)  

 

) [469]; 

2)   RGD   GFOGER,   

 ( 2 1).  

,  

 

 [469]. 
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,  

 [470]. 2 (I)  

,  

,  [471]. 

,  

, ,  

,  

.  

 

)  [469],   RGD   

GFOGER ,  

,  

[469]. , 

, . 

,  

,  

 

 [472], ,  

, , 

 

. 

 

.  7.12  7.13.  

 16  

 15 . 

 

 (-75,0 %),  (-87,5 %), 

 (-31,3 %),  (-51,2 %)  (-25,5 %), ,   
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 7.12 

 ( /1000 )  

 (  ± m, n= 6) 

 
 

   

 6,70 ± 0,10 1,70 ± 0,11* 

 39,1 ± 0,40 56,5 ± 1,26* 

 4,70 ± 0,20 10,65 ± 1,76* 

 48,30 ± 0,60 79,90 ± 7,13* 

 99,00 ± 1,40 12,40 ± 3,64* 

 38,80 ± 0,80 116,30 ± 3,03* 

 24,00 ± 0,60 40,20 ± 1,52* 

 38,20 ± 1,40 60,00 ± 2,35* 

 97,50 ± 1,30 195,00 ± 0,67* 

 101,90 ± 1,80 70,10 ± 2,10* 

 305,00 ± 2,50 149,10 ± 6,32* 

 109,00 ± 1,10 81,20 ± 1,27* 

 23,00 ± 0,50 27,90 ± 4,31 

 6,20 ± 0,10 13,50 ± 1,34* 

 13,70 ± 0,30 23,40 ± 3,05* 

 27,90 ± 0,20 62,50 ± 2,52* 

 4,80 ± 0,20 9,70 ± 2,00 

 12,00 ± 0,20 37,10 ± 3,99* 

. *- p 0,05 . 

 

 ( , 

 Gly-X-Pro  Gly-X-Hyp), , 

 [416]. 
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 7.13 

 ( /1000 )  

 (  ± m, n= 6) 

 
 

   

 4,30 ± 0,10 4,60 ± 1,03 

 29,80 ± 1,30 53,10 ± 3,62* 

 4,80 ± 0,20 7,70 ± 0,62* 

 50,20 ± 0,60 75,80 ± 3,24* 

 92,70 ± 2,30 23,70 ± 2,64* 

 44,70 ± 1,10 88,90 ± 2,96* 

 17,80 ± 0,70 31,10 ± 1,53* 

 35,80 ± 1,00 48,20 ± 0,80* 

 75,20 ± 1,50 140,40 ± 3,63* 

 130,60 ± 3,00 109,50 ± 8,68 

 324,40 ± 3,70 165,20 ± 9,02* 

 105,20 ± 2,10 92,40 ± 2,36* 

 26,40 ± 0,60 21,20 ± 1,03* 

 6,80±0,10 14,80 ± 2,07* 

 12,80±0,80 18,80 ± 1,87 

 29,20 ± 1,70 49,10 ± 4,25* 

 3,70 ± 0,20 11,80 ± 2,32* 

 12,20 ± 0,50 32,00 ± 4,60* 

. *- p 0,05 . 
 

 (+ 

65,4 %),  (+ 200,0 %),  (+ 67,5 %),  (+ 57,1 

%),  (+100,0 %),  (+117,7 %),  (+ 70,8 

%),  (+124,0 %)  (+ 209,0 %).  
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,  

 [473, 474]. 

 

 (-74,4 %),  (-16,5 %),  (-49,0 %),  (-

12,0 %)  (+ 19,7 %).  (+78,2 %), 

 (+60,4 %),  (+51,0 %),  (+ 99,0 %), 

 (+75,0 %),  (+34,6 %),  (+86,7 %), 

 (+117,6 %),  (+68,0 %),  (+218,0 %)  

(+162,3 %). ,  

,  ( . 7.13). 

, ,  

. ,  

 

 

, 

. 7.9.   

 2 ,  

,  CYP2E1.  

 ( , ,  

)                                   

,  5,7 ,  

. ,  

   CYP2 1. 

,  

 

,  [475]. 

-S-   

 2  

 ( . 7.14). 
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. 7.9.   

 

 (M ± m, n 6). 

. *- p 0,05 . 

 

 

 

,  

 [476]. , -

S  –  3 , 

,  

 ( . 7.14). 

 

,   
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 7.14  

 

 

  (M  m, n  6) 

 
 

   +  

 
, 

 . -1 
17,99  1,01  14,80  0,64* 24,70  2,12* 

 
, 

 . -1 . -1 
176,50  29,20 319,40   30,40* 532,40  52,50*  

. *- p 0,05 . 

 

 CYP2E1 ,  

,  

 

. 

 

7.6.  

 

 

, ,  

, -

,  

,  

,  

. 

,  

: 
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1. -

 

 ( , , , 

).  

2.  

 

,  

 (  6  13 ; 0,05),  (  2  4  

; 0,05),   -  

 « » .  

3.  

YP2 1,  

 

.  

4.  

 CYP2E1  (r = -0,99; p = 0,001)  

 « » (r = 0,96; p = 0,001),  

 CYP2E1  

 (r = 0,65; p = 0,01). 

, CYP2E1  

,  

.  

5.  

 

 

.  
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 8 

 

     

   

 

 
 

 

 - , ,  

 

. ,  

 CYP2E1, -  

 [477].  

.  

, ,  

,  

 CYP2E1  

. , 

, , 

, . 

,  

,  

, ,  

. ,  

,  

.  in vitro 

 in vivo  

,  

 [478, 479]. ,  

 [480,481]. ,  
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 (  

) . 

 

,  

, .  

, , ,  

 CYP2E1  

- S-  [482, 483].  

,  

 [484].  

 

, , 

,  [485, 486, 487, 488].  

,  

[489]. 

 

8.1.  

 

 

,  

 ( , ,  

). 

, ,  

 

,  

 ( . 8.1).  

,  

, ,  

 ( . 8.1).  
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 8.1 

 

, (  ± m, n  6) 

 
 

  + 
 

+ 
 

 
, 

 . 100 .-1 
0,342 ±0,017 0,243±0,012* 0,276±0,028* 0,278±0,08* ** 

 
 
 

, 
 . -1 

57,77±8,89 10,02±2,02* 22,57±3,71* ** 21,15±3,52* ** 

: 

*- p 0,05 ;  

**- p 0,05 , . 

 

 

, 

 ( . 8.2).   

 

 8.2 

 

 

 - 
 

-
 

- 
, 

% 
1 2 3 4 

 16 15 94 ± 6 

 16 0 0* 
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. 8.5 
1 2 3 4 

+ 
 16 4 25 ± 11* ** 

+ 
 16 3 19 ± 10* ** 

: 

*- p 0,05 ;  

**- p 0,05 , . 

 

 25  19 % , 

. ,  

 

 [490]. 

 

8.2.  
 

 

.  

 8.1-8.3 . 

 

 ( . 8.1).  

,  

 ( . 8.2),  

 ( . 8.3).  

 (  

)  

, , ,  50  

 [491]. 



258 
 

 
. 8.1.  (  -  

; 1 –  1 ; 2 –  2 ;  

– ). ,  400. 

 

 
. 8.2. ,  

. ,  400. 
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. 8.3. ,  

. ,  200. 

 

,  

,  

. 8.4). 

 
. 8.4. ,  

 

 - ; 1 –  1 ; 2 –  2 

;  – ). ,  200. 
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,  8.3, ,  

. ,  

, .  

, , 

 

. ,  XII  

 (  

) .  

,  

,  -   ( . 8.3). 

 

 8.3 

 

,  

 ± m, n = 8) 

 
 

  + 
 

+ 
 

1 2 3 4 5 
 

 
 

 
 / 

 
 

) 

3,64  0,01 3,53  0,01* 3,55  0,01* 3,62  0,01** 
*** 

 
 

 
 

) 

69,39  0,75 59,57  0,86* 60,16  0,37* 65,93  1,16** 
*** 
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. 8.3 
1 2 3 4 5 

 
 

-
,% 

3,56  0,36 2,41  0,28 5,00  0,41* 
** 

2,33  0,37*  
*** 

 
, % 1,06  0,25 2,88  0,28* 1,00  0,71 1,66   0,54 

 
, % 0,31  0,12 1,88  0,36* 2,00  0,71 0,83  0,48** 

», % 0,50  0,16 1,76  0,26* 1,24  0,49 0,50  0,25** 

: 

 *- p 0,05 ;  

**- p 0,05 , ;  

***- p 0,05 , . 

 

 

,  

 XII  

 ( . 8.3). ,  

,  

, , 

 [492, 

493].  

. 
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,  CYP2E1  
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.  

 

 CYP2E1 ,  

, .   

, ,  23 

 CYP2E1 ( . 8.5). 

 

 CYP2E1  8,7  20   ( . 8.5) [494]. 
 

 

. 8.5.  CYP2 1  

 

: A)  CYP2 1  

; )    CYP2 1 -  

-  100 % (M ± m, n 6). 

. *- p 0,05 ; **- P<0,05  

, . 
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 CYP2E1  

 - S- ,  

 [483].  

,  S- -L-  II 

 P-450 ,  

 CYP2E1 . S- -L-  

 P-450,  

 P-450  P-420 -P-

450 . ,  CYP2E1  

,   ,  

 IC50  1,5-5  

. ,  

-450  S- -L-   

  CYP2E1   

 CYP2E1  HepG2,  

.  S- -L- -450, 

 CYP2E1  

 [292]. 

,  CYP2E1 

 [495]. 

 

,  [494]. 

 

. . 8.6 , 

 (20-

40, 100-150  250 .). , 

,  

.  3  5.   
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. 8.6.   

 

 

 

 (  200 .  50 .),  

.  300-450 

 700-850 .,  ( )  

 700  

 

.  

 6:  -800-700 .,  -600-500 .,  - 

400-300 .,  - 200 .,  - 150 .,  - 40-30 .  
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,  

 -  

 - 600 .,  - 450 .,  - 40-50 . 
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 8.4  

 

. 

 

 8.4 

 

 

 

 %  
 

 6,24 

 18,41 

 +  20,56 

 +  8,32 

 

.  

 

,  

.  

.  

,  

[489]. 

 

8.4.   
 

 CYP2E1,  

 –  

 ( . 8.7).  

 15,5 ,  
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. ,  

 

 

 

. 8.7.  

 

 (M ± m, n 6). 

: 

*- p 0,05 ;  

**- p 0,05 , ;  

***- 0,05 , . 
 

 

 CYP2E1,  

.  

, ,  

 [494]. 

 CYP2E1  
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 ( . 8.5). ,  

 (25 %)  

 (12 %)  

 (1,9 ). 

 

 8.5 

 

 ,  

 ± m, n 6) 

 
 

   + 
 

 + 
 

, 
.. –1 124,40 ±7,17 93,35±5,30* 120,50±3,81** 111,48±2,73** 

 
 

, 
. –1 

 

3,21±0,06 2,83±0,11* 4,395±0,55** 3,195±0,08** 

 
 

 
, 

. –1. –1 

0,120±0,018 0,223±0,015* 0,112±0,002** 0,114±0,005** 

: 

*- p 0,05 ;  

**- p 0,05 , . 

 

 

. . 8.5 ,  

,  

 [494, 496]. 
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. ,  - S- -L-
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,  
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,  

  .  

: ,  

,  

 [498].  

 S- -L-  
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 [500].  
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, -450 2 1,  
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1. , ,  

, .  
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40-50 %  " "  ,  2 %  

 

, ,  

.  
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, ,  
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?) .  

,  

. ,  

 ( ,   

)  [10].  

 

 

. 

 

,  

 [4].  

, ,  

 

 [25, 26, 28].  

 – , 

,  [504].  

 

,  

. ,  

, 

 

 [21, 22, 23]. 
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 [25, 26, 27]. 

,  

 

.  

,  - , ,  

,  
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.  

,  

,  

.  

, , ,  

,  -  

 – 66,67 %)  (  

 - 33,33 %).  

 

, ,  
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. ,  

,  

 

,  

.  

,  

, ,  

.  
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  . 

 

. , ,  

 

. 
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, ,  

 - , , 

 [505]. -450,  

,  

 CYP2 1 [506].  

, ,  

[507, 367] -450 ,  

 [508]. 

 CYP2E1  

, 

 [30]. , ,  

 CYP2E1  [509, 510],  

,  

 [511].  CYP2 1  

-  

.  

,  CYP2 1  

 

 [512].  

, ,  

 CYP2 1  

 

. , , , 

, ,  

 CYP2 1  

,  

 [358, 359, 360, 361, 362, 513, 514, ]. , 

-  

,  

, ,  
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,  

. 

 

 CYP2 1 . 

,    CYP2 1  

, , .  

 CYP2E1  

, ,  

 

.  

 

CYP2E1 ,  (r = -0,87; p = 0,001)  

 (r = -0,92; p = 0,001)  (r = -0,98; p = 0,001).  

 ( - , 

) ,  

, ,  

. 

 

 

: . 

,  

 

, ,  

. 

 CYP2E1. , 

,  

 [515]. ,  

, , , 

,  

  [516]. ,  
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 CYP2E1  [358, 359, 360, 361, 362, 513, 514],  

,  CYP2E1  

. ,  

,  

,  

 [517]. ,  

 CYP2E1 .  K. S. Parck . 

 CYP2E1  

CYP2E1. ,  

 CYP2E1  CYP2E1 [518]. 

,  CYP2E1  

,  

,  CYP2E1 ,  

,  [519]. 

,  

 (  

20:4  22:6) ,  [520].  

, ,  

CYP2E1, , ,  

,  

.  

 

-S  

, .  

 

, 

,  

 [521]  

 [522]. , ,  

 HepG2,  Bcl-2 / Bax, 
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-3 -9 [523]. , 

 

YP2E1 ,  

  . , ,  CYP2E1  

 [524],  

 (mTOR),  

,  [525]. 

 –  

 (phosphatase and tensin homolog deleted 

on chromosome 10 - PTEN) ,  

 B (Akt)/mTOR [526].  

 [525, 526].  

, , 

 

 [527].  

,  

 

,  ” ”  

.  

 

,  ” ”  [343].  

,  

, 

,    

.  

,  

 [343]. 

,  [351, 352, 353],  

 

, . 



277 
 

,  

 

 [528].  8-15 %  [529]  

:  -

2,2'-( )-  [530]. 45-62 %  

 [531].  

 [532]. ,  

, , ,  - 

,  

 [533].  (~ 80 %)  

 (20-30 %) [534]. ,  

 

 [535].  

,  70-  

,  

 [23]  

 

 [21]. ,  

 [21, 24],  

,  
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,  

.  

,  
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. ,  

 CYP2E1,                                           

( )  [362].  
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 CYP2E1  
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 [537]  

 

 [538].  

 CYP2E1  

, , , 

 (  CYP2E1) [539, 540]. , 

 CYP2E1  

 [540].  

, , 

,  

 CYP2E1  [362].  

 CYP2E1,  

, . 

 

, , ,  

 CYP2E1 [541]. 

, ,  CYP2E1  

,  

. , ,  

 CYP2E1, .  

 ( , ) [542].  

 CYP2E1, ,  
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, ,  CYP2E1, 
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. ,  
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 [543],  [544]. N. 

Nair . ,  

 

 

 [545]. ,  

 

 [546]. ,  

 [543]  

. , ,  

,  

, , , 

, ,  

,  

,  [547].  

 

[548]. 

 

, ,  

,  in 

vivo [69]  in vitro  

 [549]. 
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, .  
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 [123,554,555].  
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, , ,  
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