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: 
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 in vitro . 

: 

1. , ,  

. 

2.  MNNG ,  
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. 
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, ,  

.  

 MNNG  

 

.  U–  

,  

.  

 MNNG.  

,  5 6 ,  

.  

 

 MNNG. ,  

 

 in vitro.  

. 

.  

 

.  

 

,  

 

.  
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.  

,  ,   

. 

. .  
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-2» ( , 2007); 2-  

» ( , 
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» ( , 2008); .  « :  
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» ( , 2010); XIV -

 « » ( , 2010). 
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, , , , , , 
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; . . , . . , . . , 

. .  ,  
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; ., . .  
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 1.  

 ( , , MNNG)  

 ( ).  ,   

.  

,  

.  

. 

 

 2.  

 2004 2010 .  
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  Rutilus rutilus (L.) ( . Cyprinidae, . 

Cypriniformes,  .  Osteichthyes,   Vertebrata)   

.  

. ,  

 – ,  

 (  …, 2002).  

   

,  ( , 1996;  

., 1999, 2003, 2005; ., 2003, 2004; ., 2009). 

 (  285 ± 40 )  (  1.5 ± 0.2 )  

.  in 

vitro , . 

 in vivo ,  

, .  

.  

 360 . . 

 

 1. , .  

 
 

, 
. 

, ,  
 

 
42 

 
 

 
122 

 MNNG  
 

 
160 

 in vitro  
: 

 
 

 
26 
10 

 

 200-  (  25 .  

)  12–18º , pH 7.5–7.6,  8.0–9.7 .  

 ( )  

  ( ) 

 ( ).  
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 50.8  3.7 ,   425.6  

24.8  ( ., 2010).  

 

. . .  

 30  3  

 10 % .  (  6 .  

)  40, 96  218 . 

 

 

 1·10-6 1·10-2  MNNG  3·10-7 3·10-1 ,  

 (  7.2 7.4). ,  

 15 17°  54  48 . ,  

, .  

,  .   

.  

 

.  

 77 % .  

4-  (  20–22  .  )   

, . 

 in vitro  

,   

.  

 (CuSO4 · 5H2O)  (ZnSO4 · 7H2O). , 

,  0.1 25 ,  

 ( , 2006). 

 

 6–22 .  20°  7.4 . 

, , 

 (  3.2.1.1,  3.2.1.3  

3.2.1.20),  3.2.1.48  

 (Nelson, 1944)  (1969).  

 (Km)  (V)  

 ( , 1984). 
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Statgraphics Plus 5.1  Excel 2003.  

(M  m).  

 (ANOVA, LSD- )  p = 0.05 (Sokal, Rohlf, 1995). 

 

 3. , ,  

 

,  

, .  218  

 10  47 % 

 ( . 2).  

 

 2.  

. 

, .  
0 40 96 218 

,  2.69 ± 0.34 
– 

3.65 ± 0.62 
2.96 ± 0.22 

3.62 ± 0.43 
3.18 ± 0.45 

3.64 ± 0.34 
5.35 ± 0.60* 

,  6.15 ± 0.15 
– 

6.53 ±0.27 
6.18 ± 0.10 

6.42 ± 0.17 
6.25 ± 0.17 

6.67 ± 0.12 
7.32 ± 0.25* 

 
, 

 

60.0 ± 1.26 
– 

54.9 ± 2.51 
50.3 ± 1.29 

38.9 ± 0.86 
34.7 ± 0.71** 

33.8 ± 2.13 
33.6 ± 1.52 

Km  
,  

6.19 ± 0.38 
 

2.90 ± 0.09 
2.80 ± 0.06 

3.70 ± 0.30 
3.78 ± 0.23 

3.89 ± 0.36 
4.79 ± 0.14* 

V  
, 

 

72.5 ± 1.05 
 

52.9 ± 1.33 
52.6 ± 1.14 

49.1 ± 2.34 
39.6 ± 1.79* 

44.3 ± 2.36 
41.8 ± 0.84 

 
, 

 

4.51 ± 0.04 
 

1.90 ± 0.06 
1.66 ± 0.07* 

1.87 ± 0.04 
1.26 ± 0.05*** 

1.65 ± 0.07 
2.18 ± 0.09** 

, . 6 
 

6 
6 

6 
6 

6 
6 

.  (M ± m);   

,  – ; * –  

 < 0.05, ** –  < 0.01, *** –  < 0.001. 

 

 11 %  

96  218 .  

:  13  33 %  40-  96  32 %  

218 .   
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 Cyprinus carpio (L.)  

 ( , 1983).  

.  V  96  

,  19 %,  Km  218   23 %, 

. 

 in vivo  

,  

.  

 218-  

. 

,  

,  

 (Ito et al., 1980; Melancon, Lech, 1983; , , 2001; Chuiko et al., 2007). 

.  

 

 10 26 %  

 ( ., 2008).  

 

.  

 18 %,  45 %, 

 63 %  (0 ),  < 0.05. 

 

 ( , 1972), 

. 

,  218 ,  

,  

.  96-  

 11–33 %.  Km  

 23 % (218 ), . 

 

.  
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 4.  

 

 

 6.8  0.1 ,   6.0  0.3 .  

70

90

110

130

1·10 -6 1·10 -5 1·10 -4 1·10 -3 1·10 -2
, 

%

 
 

. 1.  (  

)  % . 

 

 

 ( . 1). 

 ( , )  

, 

 – .  

, ,  

. 

 

 ( . 3).  

 45-49 %  1 10-5  1 10-4 . 

,  1.5–2  

.  90–103 % 

.   Km 

 1.3–3.8 ,  

.  Km , , 

     1·10-6           1·10-5            1·10-4            1·10-3            1·10-2 
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 2–4 .  V 

.  

 

 3.  

 ( ) . 

,   
0 1.10-6 1.10-5 1.10-4 1.10-3 1.10-2 

 
, 

 
40.7 0.28  29.3 0.48  22.4 0.42  20.7 0.38  25.9 0.35  43.9 0.37  

Km  
,  3.79 0.11  1.00 0.14  1.01 0.07  2.04 0.11  2.40 0.19  2.96 0.07  

V  
, 

 
66.5 1.52  24.7 1.35  19.9 0.51  39.5 1.12  37.2 1.83  65.5 2.07  

 
, 

 
1.04 0.03  2.11 0.14  1.63 0.07  1.57 0.08  1.62 0.04  1.98 0.07  

Km  
,  3.66 0.29  15.08 0.98  8.30 0.69  7.86 0.36  3.64 0.27  7.68 0.56  

V  
, 

 
1.20 0.03  2.99 0.14  2.13 0.06  2.00 0.11  1.75 0.04  2.30 0.09  

, . 20 20 20 20 20 22 
:  (M ± m);  

,  < 0.05. 

 

,  

.  

 ( )  

 

,  ( , 

, 1981).  

 

 ( )  

 ( , ) . ,  

 

. 

 

 1 10-5–1 10-3 ,   

, . ,  
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.  

 

 ( ., 2005). 

,  (1 10-6 )  

, 

, . 

,  

 – -

.  

 (Nakahara et al., 1973), ,  

. 

,  

 

 

-  

. 

 

 5.  MNNG  

 

 

 6.3  0.1 ,   4.3  0.2 .  

 MNNG  

,  

3·10-3  ( . 2).  

 20–80  %  ,  ,   

 ( ,  

) . 

,   

 MNNG  

,  

. ,  

,  

,  

 ( , 1990). 
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. 4).  

70

100

130

160

190

220

3·10 -7 3·10 -6 3·10 -5  3·10 -4 3·10 -3 3·10 -2 3·10 -1

 MNNG, 

%

 
 

. 2.  (  MNNG  

)  % . 

 

 (3·10-7, 3·10-6  3·10-2, 

3·10-1 ) MNNG :  

30–41 %,  38–46 % .  

 MNNG, , . 

,  

 Km  1.6–2.5  

,  V .  

 MNNG 3·10-4 ,  

 

.  Km  58–60 %  

 (3·10-7  3·10-1 )  MNNG. 

 Km  MNNG  

,  

,  .   Km  

  3·10-7       3·10-6        3·10-5        3·10-4         3·10-3        3·10-2         3·10-1 
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 MNNG 3·10-5  3·10-1 .  V  

 1.3–1.6 ,   

. 

 

 4.  

 (  MNNG ) . 

 MNNG,   
0 3·10-7 3·10-6 3·10-5 3·10-4 3·10-3 3·10-2 3·10-1 

-
 

, 
 

52.6 0.7  35.7 0.7  30.9 0.5  43.8 1.3  47.1 1.9  39.6 0.7  37.0 1.1 44.7 1.5  

Km  
,  4.9 0.1  2.1 0.1  2.5 0.1  3.2+0.2  4.5 0.0  2.3 0.1  3.0 0.1  2.0 0.1  

V  
, 

 
66.1 1.3  41.0 0.8  35.8 1.1  60.6 1.9  64.7 1.7  51.7 1.3  46.5 1.4  57.2 1.4  

 
, 

 
2.6 0.1  1.7 0.0  1.4 0.0  2.0 0.0  1.8 0.0  1.8 0.0  1.8 0.1  1.6 0.1  

Km  
, 

 
4.5 0.2  3.4 0.3  7.2 0.1  3.5 0.3  6.5 0.5  4.2 0.2  9.1 0.1  4.5 0.5  

V  
, 

 
2.9 0.1  1.9 0.1  1.8 0.0  2.2 0.1  2.2 0.1  2.0 0.0  2.3 0.1  1.8 0.1  

, 
. 20 20 20 20 20 20 20 20 

.  (M ± m);  

 

,  < 0.05. 

 

 

 ( , )  

 ( , , , , MNNG)  ( , 

, 1998; ., 1999, 2003, 2005; ., 2003, 2004;  

., 2009; ., 2010).  

,  

,  

, .  

 

, . 
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,  

 MNNG  

 

 4- .  

 MNNG. 

 

 6.  

 in vitro 

 

.  (58.1 ± 1.47 )  

 

 5  

(9.84  0.19 ) ( . 5). 

 

 5.  (% )  

 in vitro (  < 0.05). 

 (% ) 
,   

0.1 1 5 10 25 
 

  = 13 17 38 84 
*  = 10 18 30 37 

 

  = 22 26 34 54 

*  9 12 19 21 29 
. * ,  

, «=» – . 

 

 

 ( , , 1993).  

 

.  

.  

,  25 ,  2  

, .  
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, . 

.  

 (0 )  

 18 62 %  

. 6).  

 

 6.  (% )  

,   ( )   ( )   

 in vitro (  < 0.05) 

 (% ) 
,  , . 

0.1 1 5 10 25 
 

0 18 
– 

19 
– 

23 
– 

47 
– 

62 
– 

40 -=- 
= 

-=- 
13 

-=- 
33 

43 
49 

44 
57 

96 -=- 
= 

-=- 
18 

25 
25 

39 
42 

53 
73 

218 -=- 
= 

-=- 
19 

-=- 
24 

30 
33 

46 
69 

 

0 18 
– 

26 
– 

28 
– 

36 
– 

41 
– 

40 -=- 
= 

-=- 
12 

-=- 
25 

-=- 
31 

-=- 
38 

96 -=- 
= 

-=- 
24 

25 
28 

35 
49 

49 
59 

218 -=- 
= 

21 
= 

20 
25 

52 
48 

54 
54 

 

0 32 
– 

34 
– 

45 
– 

60 
– 

77 
– 

40 -=- 
11 

-=- 
22 

31 
44 

36 
55 

42 
60 

96 -=- 
= 

-=- 
16 

51 
30 

55 
49 

62 
67 

218 -=- 
= 

-=- 
= 

43 
26 

48 
48 

56 
66 

. «=» – , «–» – . 

 

,  

. 
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 40 , , 

 

.  

,  

 

. ,  

.  96-  218-  

,  40-  

, ,  

25 ,  6 16 % ,  40- . 

.  

 

 in vitro ( .  7).   

.  

 

 1 10-5 1 10-3 .  

,  

 1 10-4 1 10-2   

. ,  

(1 10-6 1 10-4 ) ,  

. 

 MNNG .  

 (1 25 ) 

 10 69 %.  

 

.  MNNG  

 ( , , 

).  MNNG 3·10-3  

, . 

,  ( ,  

MNNG) ,  

.  

.  

 

 6–22 %.  
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 7.  (% )  

 in 

vitro (  < 0.05). 

 (% ) 

,   
,  

0.1 1 5 10 25 

 

0.0 = –8 –18 –29 –44 

1·10-6 +41 +49 = –31 –69 

1·10-5 = –14 –31 –49 –98 

1·10-4 = –10 –13 –15 –46 

1·10-3 –8 –18 –32 –46 –90 

1·10-2 = = –8 –9 –28 
 

0.0 –9 –19 –22 –28 –47 

1·10-6 +20 = = = = 

1·10-5 +17 +10 = = = 

1·10-4 +10 +8 = –17 –32 

1·10-3 = = = –20 –27 

1·10-2 = –8 –9 –10 –32 
. : «+» – , «–» – , «=» – . 

 

 

 8–54 %  8–47 %. MNNG, ,  

 10–40 %. 

 

 

 

 ( , , MNNG)  

, .  

 10-12–10-15 ,  1  1  10 

 ( , .,1990; , 2001).  

: ,  

, ,  «  

»,  ( .,1990; , 2001). 
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MNNG .  ,   

 

,  

 2–4·10-12 ) .  

 

 U–

, .  

 

MNNG . 

,  

.  Km  

,  

 MNNG,  

.  

,  5 6 . 

 218-  

 

.  96-  

,  218-  – , 

 

.  ( ., 2008)  

,  

 

, . 

, , 

, .  

 

.  

 

.  

,  

.  

 

.  MNNG , ,  
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.  

.  

 

.  

 

 

, .  

 

,  

 

. 

 

 

1.  (218 ) , ,  

.  

 11–33 % (96 ),  Km  

 23 % (218 ),  

.  

2.  

 

.  51 103%, 

, ,  28 49%.  Km  

 2 4 , Km  1.3 3.8 ,  

.  

 U  

, . 

3.  MNNG  

 10–

46 %.  Km  1.6 2.5 , Km  

.  

,  MNNG,  5-6 

, . 

4.  Km , -

,  
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 MNNG. 

5.  

 

 in vitro.  

.  

 

. MNNG, ,  

.  

 

,  

, : 
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