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-MSH: -  

P2: fatty-acid-binding protein 

ACTH:   

: Activity Energy Expenditure Π   

 

AGRP: agouti-related peptide 

ART: agouti-related transcript 

ASP: agouti-signaling protein 

BMI:    

BRS-3: bombesin receptor subtype 3 

CART: cocaine-and-amphetamine-regulated transcript 

CCAAT  CEBPs: - - - -  
  

CCK:  

CCK-A:    

CPE:   

CRH:     

DMH:    

GLP-1: glucagon-like peptide 1 

IBAT:     

LEPR:    

LIPE:   

LH:    

LPL:   

MC4R:  4   

MCH:   

MSH: melanocyte-stimulating hormone   



3 

 

MYO:  

NPY:   

POMC:  

PVN:    

PYY:   

REE: Resting Energy Expenditure Π    

RYR1: ryanodine receptor 1      
  

SLC-1: somatostatic-like receptor 1,   MCH 

SREBR-1c: nuclear-sterol-regulatory-element- binding protein 1c 

TEF: Thermic Effect of Food Π    

TRH:    

UCP1: uncoupling protein 1 Π   1  

VLCD: very low calorie diet Π      

VMH:      

WAT:    

5-HT2C: serotonin-receptor subtype 2C 
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1.  

 

          .   
    ,    , 
,         

 ,   .    
  . Ό     ,  

          
       . Έ    

         
           

          
 . 

 ,  ,     -   
 -      .   

 ,    95%      
        

       .  
        

         
.    , ,    

      .   
         , 

  ,    
  ,   ,  ,  

   ,      
  . Ό     

         ,  
 ,    . (  ., 

2004) 

Ω    Η     Θ.   
     (kcal)  kilojoules (kJ). 

  (   4.184 kJ)       
          1 C (  

 15  16 C)     (760mm Hg).  
   /     

(FAO/WHO)         
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  (WHO, 1985):        
          

           
,     ,   

  ,        

      

.        
       
            
      . (Mahan K, Escott-Stump, 

2004). 

             
  (ATP).    , 

    ,     
          
   ,    

 .  ATP      
      . ,  ATP 

            
        

ATP   . 

     ,   (PC), 

      .   
     ATP.  ATP   

  ,   ,   
     .   ATP  

 PC           
   ,     

  .   ,   
        ATP, 

        ,    
    . 

           
         .  

,          
 ,       

         .  
       

 ,       .  
       .  
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.    ,    ,   
  ,      

 . (  ., 2004) 

         ,   
       .  

          
 ( ,   )     

 .         
            

   . Ω   ,    
         
        
. (Mahan K, Escott-Stump, 2004). 
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1.1     Π   
     

 

 

          
        .    
           

,     ,  
 ,       

     . ,   
         

         
 ,      . 

Έ , ,       
 . ,        

           
    .     

 ,       
 ,        

     (Popkin Bm, 2001). 

    ,      
 . , ,   , 

        
    . 

          
         

       .  
         

,      . , 
    ,       

      ,  
        .   

        . 
Ω ,         

         (Sturn R., 2002). 

         
       .  
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.         
            

 .   ,     
      ,   
      . Φ   , 

            
        

,  ,     (Fontaine 

KR, Barofsky I., 2001). 

  Η  Θ, Η Θ, Η Θ  
        ,   
  .   ,    

   ,       
      

       ,    
        .  

,         
  ,        

      .    
          

          
,    ,      

   .  
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1.2     

 

          
     : , 
,  .       

    ( )      
    ( ) (     ) 

       ( ) 

        
,          ( ). 

Ό      :  

=  +  +  

         
     .  24  

          
      60-75%   

  ,      (10%  
 )        

15-30%    .    
 ,       

  ( )     : 

 

Es = 1 Π Eo 

 E1           
  .  Eo   , 

         
.  Es         

  .       ( Es= 

E1 Π Eo )         . Ό  
       . 

        
,          

 .  1         
     Eo    : 
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Eo = Eexer + Ether 

 

  Eexer          
          ,  

 Ether     ( ). 

          
       . Έ   

70kg          
2500kcal/ ,   750kcal/   30%   

    . ,   
           

   Ether.      
   30%. 

       
  10-15%    ,   

   .       
        

     ,   ,  
 ,   .     

       
 .        

        10-15%.   
         
 ,  ,      

. 

          
          

 .        
       

 .         
  . Ό       

.         
   ,  ,  ,   

      .   
         

 .      
   10%   ,    

      . 
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      ,   
          

   .      
         

  . Έ         
           

   .       
         

   ,     
      .  

         
         

   . Έ ,       
,          

,        ,   
   . ,     

    .    
      ,   

   . 

         
          

         
   .       

Η Θ  . Έ     
,    ,       
     .  

          
         . 

          
  .        

      ,     
          

          
   .     

     ,    
     . (Keith N.F., 2005). 
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2.      

 

 

2.1    

 

    3   

 - ,   ,    
  .    ,    

        ,  
     2-10%    E1.  

        
         

,         

.    (   E1)   
         

         
   .  

       
  4kcals/g  17kJ/g,     4kcals/g  

17kJ/g     9kcals/g  38kJ/g    
     ,      

          
  . 

             
       .   

         
        .  

,         
        , 

         . 

         
      .  

       
  (   ,  

,   ),       
    E1. (Hall et al., 2012) 
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2.2    ( ) 

 

 ,        
         
        

       .  
        ,  Eo,  

  24      .    
          

  ,   ,    
 ,    .  

           
 (Resting Energy Expenditure, REE),    
 (Thermic Effect of Food, TEF)     

 (Activity Energy Expenditure, AEE).  REE   
        

      Eo.   REE    

      ,    
,      . 

      REE,     
        . 

,    ,     
 ,  ,        

 REE. , ,     REE (~250 

kcal/d, ~1000kJ/d)          
   . (Hall et al., 2012) 

  TEF         
        .   

       TEF.    
        TEF, 

    > > . , 
 TEF        E1,   

    .  AEE      
         

        
. 
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2.3   

 

 ,      ,   
    . Έ    

  ~35  ,     ~0,4-0,6 g 

     130,000kcals  

. Έ        4  
  (140 ),      
  (0,8-1,2 g )     

1  kcals  .  

 Es,            
 ,       

  ,   .   
        

    .       
 ,   ,     

       
  .          
         

     .     
   ,   ,   

   .        
        

       .  (Hall et al., 2012) 

          
        .  

        
,       ,  

       . 
,        
    ,       

 .  Ω   ,     
       , 

       . 

         
    Es ,     .  

,   ,     
      ,    

  ,          
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    ,  
. (Hall et al., 2012) 
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2.4     
  

 

          
    .  Es  ,  

 ,     .     
       .   

    ,     Es 

  ,        
   . ,   

           
 .        

         . Ό , 
     , Η Θ   

     . 

    24 ,         
  ,         
       .    

          
     .     

      ,    
      Es.  
        
,   Es      . (Flatt 

J.P., 2011) 

        
        . Ό   

  ,     
      

         
 ,        

     .  

         
          

.  ,       1  
  , ,    3 -  

REE, AEE,  TEF-          
. ,       
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. (Klaus S., 1998) 
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 4.5       

 

     .    
         

      .   
       

          
 . Ω ,        

            
 .  -      

,          
     .     

       ,   
        .  

        
 . Ω   ,      

    .     
( )         

.       ( ) 
          

.         
:          

     .     

,       
  ,  . (Hall et al., 2012) 

        . 
        
 ,          

 ,        . 
Ω ,         . 

,   ,    
,       ,  

         . 

        
.        

         
         

        . Έ  
         

,      .     
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       ,   

NPY  AGRP      .  
           

     .  

,        
        . 

          
        ,   

       . ,  
       

  -         

       ,  
        . 

         
         .   

  :   REE,    
         ,    

 ,    AEE       
    ,   TEF  

  . ,       
          

. 

Έ          
         

.        ≤500kcal/d 
(2100 kJ/d) ,        

           
   ,     

      . 

(Frankefield D., 2005) 

          
     ,       

         
.        REE  

     ,      
 ,   TEF   ,  

          
    . 
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  REE      .  

 ,        
          

         REE,  
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2.6       

 

         , 
          
       . Ω ,  

     E        
       1  2 .  

           
     . Ω   ,   

AEE,           
          

       . 

          
          

    ,      
 . Ω ,       

       5 
        

    ,      
        

 . (Ekblom B., 2003) 

        
  .        

    . Ω ,      
   ,    ,    

 ,       
 ,         

       .  
           
         o 

          
     ,   

       . 
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2.7       

 

Έ          
          

          
 REE.         

      REE.   2 

 :      ~ 2    
,         

   48       . 

         
 ~6-15%        

 ,      TEE. 

          

         
      REE.     

    REE    ,  
      REE       

,        
   .        

  ,        REE 
 .        

      . 
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3.     

 

          
      ,  
       (    

    ).T    
        
    .     

          
  ,        

        .  

         
          

.         
  ,       ,  

       , 
. ,        
 .       

          , 
       . 

  :      ; 

     (Sims et al. 1973)    
   .     

         
          

  .        
        

   Π       
.     

   ,     
,         . 

Έ         
     . 

          
        

.         , 
       

         
  .  
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.         

   ,     
 . Έ       

        
         

  .    ,    
 (LEPR),    (NPY),   

(POMC),  4  (MC4R),   
  (CRH).  ,     

         
   .     

     : 

   (MCH)   .  

        
          

 . Ω ,    , , 
       . 

 

 

 

/   /   

Neuropeptide  (NPY) Leptine receptor (LEPR) 

Agouti gene-related peptide 
(AGRP) 

Pro-opiomelanocortin (POMC) 

Agouti-related transcript (ART) Melanocortin receptor 4 (MC4R) 

 Melanin-concentrating hormone 
(MCH) 

Corticotropin-releasing hormone 
(CRH) 

Dopamine Serotonin receptor subtype 2C (5-
HT2C) 

 Glucagon-like peptide 1 receptor 
(GLP-1R) 

        

 1:         
   . 
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Skeletal muscle White adipose tissue 

Myostatine (MYO) Leptin  

Callipyge  CCAAT enhancer-binding 
proteins- , ,  (CEBP- ) (CEBP- ) 
(CEBP- ) 

Ryanodine receptor 1 (RYR1) Nuclear sterol regulatory Π
element-binding protein 1c 
(SREBP-1c) 

Myogenin High-mobility group protein 
isoform 1-C (HMGIC) 

Myogenic differantation antigen 1 Lipoprotein lipase (LPL) 

Myogenic factor 5 Fatty-acid-binding protein 4 (aP2) 

Myogenic factor 4 Peroxisome proliferator-activated 
receptor gamma (PPARG) 

 Gut 

Brown adipose tissue Cholecystokinin receptor A (CCK-
A) 

Uncoupling protein 1 (UCP1) Bombesin receptor subtype 3 
(BRS-3) 

 Glucagon-like peptide 1 (GLP-1) 

 

 2:        
    

 

        
  ,        

 .       
        

  .        
         

.        
,        
 .        

           
        

      .  
 ,       

     , 
          

     .           
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5.1       
    

 

         
,     .     

           
 .    ,      

     . Έ ,      
       :  

 (MYO), callipyge   ryanodine receptor 1 (RYR1).   
         
           

       . 

             
      (Grobet et al., 1997, Mc 

Pherron & Lee., 1997, Szabo et al., 1998).      
       ,     
          . 

        ,  
         

(Jackson, Miller & Green, 1997)   RYR1-   

(MacLennan, 1992)          
 .   RYR1     

        
     (Gallant & Lentz, 

1992). Έ           
         . 

         
         
     RYR1 .     

          4-

- -  in vitro (Baur et al., 2000).    
        RYR1  

    .  

      
  .    Π  
   (myogenin),    

 1 (myogenic differentiation antigen 1),   
 4 (myogenic factor 4)     5 

(myogenic factor 5),        
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     (Rawls et al., 1998, Hasty et 

al., 1993).         
     ,      

 ,         
           

,          
. ,      

          
        . 
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3.2       
  

 

    (BAT)       
     50%       

     (Himms-Hagen, 1990).  
       

 . Ω   ,       
          (Lowell 

et al., 1993).   ,       
  ,        

   .  ,   
  UCP1 (   UCP  )   

       (Enerback et 

al., 1997).         
 UCP1.  ,  UCP2   UCP3,    

  UCP1. Ω ,      
. ,         

UCP3     (Chung et al., 1999).  

 BAT         

 .          
      .    

        
   BAT.  16 ,     

       .   ,  
      .   
,      ,     

, .       
,         

     . Ό    
,     .  (Lowell B.B. 

et al., 2003)  

 

Ά          
       

 .      
        

,       .    
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( )     :    
 ,        48    
          

         10%  

      3        
.         

           :   
            

 . Ό       ,  
          

 ,         
  (P <0,05),     
   ,   .     
           

 ,       . (Young et al., 

2000) 
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 2:         
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3.3       
   

 

3.3.1        

 

 ,          
     ,    

   .  Lamin A/C  
      (Cao & Hegele, 

2000, Speckman et al., 2000).  , ,    
         

      (WAT)   
.       

         
        

      . Έ   
   , A-ZIP/F-1,   

        CCAAT 

  (CEBPs).      
A-ZIP/F-1        
DNA  . 

   ,  nuclear sterol regulatory-

element-binding protein 1c (SREBR-1c),      
 Golgi     (Shimomura et al., 1998).  
 SREBR-1c       

  .       
     WAT   ,  

,     . 
      

 ,    ,   
      WAT.      

  ,        
  ,       

  . Έ ,  WAT     
    ,     WAT    

          
. 
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         -

 . Ό       
.         

        . 
          

    .      . 
   ,     

          

(VLCD 800kcal/ )   28     (28 

 VLCD,  1).  DNA   10   21 
 .    ,   

        2  650 kcal 

       (2 

 VLCD,  2).     70%  
    . ,   

        6  
       17 . 

 VLCD    28       

 ,  ,        
       mRNA   

  .         
,  . , ,   
       .  

     (2  VLCD) 

         
    .   
           

  . (Poitou et al., 2004) 

 

 

 

3.3.2 Έ        

 

          
  .        

      ,     
   (Frederich et al., 1995, Nagy et al., 1997).  
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(50%)    ,    

        . Ά  
         
          

  (Ozata, Ozdemir Licinio, 1999).   
        

       
.        ,  
   ,      

 ,      , 
          

      (Anand & Chada, 

2000). Ω ,       
      

.  

 ,        
     ,    

        ( Muoio, Dohm, 

Tapscott & Coleman, 1999). Ω ,    
         

 (Heymsfield et al., 1999, Hinney et al., 1997). Έ ,  
      ,   

         
.          

     ,    
         

          
        

   (Flier, 1998, Rosenbaum & 

Leibel, 1999).   ,     
          

,          
     .   

 ,     ,  
  

         
        

. Ω ,      
:        

  .       
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      (Olbort & Schmidt, 1997, 

Blumberg, Deaver & Kirby, 1999).  ,    
     . Ω ,  

   ,       
  ,      

     (Anand & Chada, 2000).  

         
         

        
  (Muoio et al., 1999).       

         
         , 

      .   
          

           
   . Ω ,     
           
         

  (40%        15%   ).  
        

         
   . 

Έ       LEPR     
   :  

   

    
       

 ,        
        

   (Ozata et al., 1999, Clement et al., 1998).  
       ,    

           
  ,     

. 

          
            

         
 . ,       
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       , 
        

 (Ozata et al., 1999). 

 

 

 

3.3.3    ω     
   

 

          
     .  fatty-acid Π binding 

protein,      (aP2),    
       .    
 knockout  aP2      

.  aP2-knockout       
        ,   

         
 .        

     keratinocyte lipid-binding protein 

( Coe, Simpson & Bernlohr, 1999).       
aP2-knockout         

           
   (     

         
aP2).          

 knockout       , 
      ,  -   

in vivo        . 

    ,    (LPL) 

    (LIPE),    
 .       (LIPE)  (Osuga et 

al., 2000)   ,      
.   LIPE,       WAT, 

        .  

        LIPE   
.       LPL   

    .  LPL-

knockout        
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.  ,        LPL 

  ,       
   . 

 

 

 

 

 

 

 3:        
  . 

 

 

3.4       
 

 

3.4.1        LEPR 
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 LEPR            
 .  LEPR   ,   

         (Devos et 

al., 1997).      LEPR  
   -    
         

.  : 

        ,  
        

. 
      

           
   . 

     LEPR    
        

   LEPR (       
) (Clement et al., 1998).    LEPR   

    ,      
        . 

 LEPR          
      ,    

        

   .    ,  
NPY/AGRP  (Wilson et al., 1999, Broberger, Johansen, 

Johanson, Schalling & Hokfelt, 1998)   POMC   cocaine-and 

amphetamine-regulated transcript (CART)  (Ahima et al., 

1999, Elias et al., 1999)   LEPR.   
       

      .    NPY 

 AGRP     ,   
  POMC  CART .   

 ,  MCH      
    (Elias et al., 1998). ,   

 ,  CRH      
 (TRH)     . 
       
 ,    ,   

     (NPY, AGRP, ,  
MCH)       (POMC, 

CART  CRH).      
 TRH mRNA.         
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     ,    

          
       

/     . 

          
         ,  

        
. Έ          
      ,    , 

       .  
         

       . 

        
 (ob)    (db)      

       .  ob/ob 

   db/db    .  
         

(         )    
    .    

         (ob) 

,          
   ,        

 (db)      . 
Ω ,           

        ob  db 

. 

      ob    
  ,  ,      

 ,   ,      
.  b       

   ,  167-  .   
            

     .    ,   
RNA      ,     

    ,      
          ,  

            
  ob/ob     db/db . (Zhang et al., 

2000) 
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 .      ,  
  ,    ,  

 (CCK)       
        

 .       
            

.        
         

          
.  ob/ob      

        , 
 ,    ,    

    .     
    ,    ob  
    Η  Θ     
      . 

(Friedman, 2000)  

      db      
       ,   

         
     .    

         
      ,  

        
.     3ng  

         ,   
   >500ng h-1     

 .       
         

  . (Friedman J.M., 2000) 

       
         

          .  
          

   ,     
.    , ,    
      . 
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 4:    

 

 

 

 

 

 

 

 

3.4.2.     ω  ω     
ω  .  

        
,    ,   

   (VMH),     
(LH),     (DMH)   
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  (PVN).  LH   VMH   
      

 .  DMH , ,    
       

   VMH,  LH   PVN.  PVN   
          
.         

        
     (Friedman J.M.,2001).  

      (NPY)    
         

,   melanocyte-stimulating  (MSH),   
,  -4 ,    agouti-related 

transcript (AGRP,        
-4),       

   . 

Έ       (POMC).  
       POMC (  POMC 

    MSH).   a-MSH   MSH 

           
a-MSH         

.  agouti-related transcript (ART),   
   signaling,    

  ,      
  ART   .    

mRNA        8  
   ob/ob .  (Ollmann et al., 2003) 

Ά         
 .         
       

 .   (CCK)    
  . ,  CCK-8     

  .  CART (cocaine Π and amphetamine-regulated 

transcript),   ,    . 
         

   -3    .  
        .  

  melanin-concentrating hormone (MCH),     
     ,  

  ob/ob       
     .  -   -  
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 .         

 corticotropin-releasing hormone (CRH) n   
(PVN)      CRH     

.   CRH      
        

   .   anti-CRH 

        
  . 

       
       

     ob/ob, db/db   
 .       

  ,     
      .   

         ob/ob 

      CRH    
  ,      

. (Friedman J.M., 2000) 

,        
  .     ,    

 ,     ,  
           

.         
       ,    

   .      
  (  )       

 . 

 

 

 

 

3.4.3     . 

 

  POM/CART    -  ( -melanocyte-

stimmulating hormone) ( -MSH)     -  
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POMC.    POMC       [ -

MSH, -MSH,   (ACTH)  - ] 
    ,     

    (Elias et al., 1999, Korner, 

Chua, Williams, Leibel & Wardlaw, 1999).    
  POMC      (   

, Krude et al., 1998)      
         

.     MSH,     
    ,     

.     -MSH     
   MC4R,   G-protein-coupled receptor (Cone 

et al., 1996).    MC4R    
 ,        

 (Huszar et al., 1997). ,   
        MC4R  
       

  (MC1R, MSH )     
   (MC2R, ACTH ).   

     ,  POMC/CART 

       . 

    -MSH     
: agouti-signaling protein (ASP)  AGRP/agouti-related 

transcript (ART) (Ollmann et al., 1997, Shutter et al., 1997). 

  agouti  , ,  
           

        ASP (Miltenberger, 

Mynatt, Wilkinson & Woychik, 1997).     
        

        . 
,         

agouti          
 ,        

       LEPR.     
       MC4R:    

,         
 (Ho & MacKenzie, 1999,  Yeo et al., 1998). 

Έ          MC4R 

      .  AGRP   
    NPY     

    (Broberger et al., 1998).  AGRP  
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   MSH       
 . 

 

 

3.4.4  ω    ω  ω    
   ω   ω     

  ω  .  

      1990,    
        

          
   (Cowley et al., 2003).    
         

        agouti 
.  agouti  (      agouti 

signaling protein (ASP)  )    131-

        MC1  

.  ,  agouti     

     . Ω ,  agouti , 

          
agouti  ,  ,    

    MC4    

  MC3. (Chen et al., 2000)   
, ,      MC3 , 

,     MC4    
      agouti    

. (Klebig et al., 2000) 

     agouti,    
         

    agouti-related   (AGRP).  AGRP 

  ,      
 (Bicknell et al., 2001).  AGRP    

     MC3    
     MC4.  

(Nijenhuis et al., 2003) 

  AGRP     
       . Ό  

    AGRP ,    
   AGRP  .   
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      POMC knock-out ,  
         

    -MSH (Lu et al., 2001, Hagan et 

al., 2000). ,        , 
          

agouti . 

        MC4  

      Mc4r knock-out . 
    Mc4r -/-   ,    

 Mc4r +/-      , 
      MC4    

        (Mac 

Neil et al., 2004).  Mc4r -/-   ,  
   .   ,  

   ,  Mc4r -/-   

  ,     
 ,      .  Mc4r 

-/-          
         -

     MC1, MC3, MC4 

 MC5,  (Butler et al., 2001).  Mc4r -/-    
       MTII,   

         
        

   MC4.   ,   Mc4r 

  POMC knock-out     
    .     

    MC3    

         
   MC4,      Mc3r     

-/-        MC3 

       MC4 

         
.   Mc3r -/-       

,    .     
      ,       

       
      Mc3r -/-  (Chen et 

al., 2000).  ,       

MC4        ,  
    MC3     
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        .  
         

 MC3      MC4                         

      - -

  (Kim et al., 2004). ,    
  MC3  MC4    

    .  

 -  ,  7    -MSH 

           
         ,  

     MC3 / MC4   
 .        
         

         
  . 

      MC1  MC5   
   ,       

         
      (Obici et al., 2002). 

,    agouti   
     MC1    

  ,      
    . ,  Mc5r -/-   
         

        
   ,     

   . 

 

 

 

 

 

 

3.4.5        
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   . Έ ,      
         

    . ,   
          

    POMC/  MC4    
   .  

   87        

 3        POMC  

,      POMC   
   (Del Giudice, 2003).  ,  

  264 -    , 379  

  370       
         POMC 

(Delplanque, 2002). ,    POMC   
  212       
         

  . Ω ,       
 POMC        

         
     POMC (Echwald et al, 2000). 

Ό   ,       
   ACTH (    ACTH     

   MC2),   (    a-

MSH           

         
  MC1)   (   a-MSH) (Farooqi 

et al., 2000 . 

       4%    
    MC4R .    

 190       
  .      

       
,           

       ( > 57)   
      ( Vaisse et al., 2003).    

        
 MC4       . 

         
 MC4        

       MC4R 

     (Sina et al., 2000). 
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Ά        MC4R   
     19   ,  4 

       MC4R  . 

Ω ,           

          
     MC4R.      

10      MC4R     
      17     
   18         

MC4R (Hani et al., 2001).     (N = 50)   
         

 MC4   . (Oshiro et al., 2000) 

  ,       
         

  MC,  AGRP    ASIP. ,   124 

  ( > 40)   85   
 ,     MC3R  

    ,      
  MC3R        

 (Dubern et al., 2001).       
  MC5R   ,     

    MC1R, MC2r, MC3R, ASP  AGRP   
   . 

 

 

 

 

 

 

 

 

 

3.4.6  NPY     
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  NPY      
  .       

       (Broberger et 

al., 1998).    NPY mRna    
         

  (Kowalski et al., 1999).  NPY     
    .    

     LEPR     
NPY,    NPY       

   .  Y1-receptor-knockout   
    (Kanatani et al., 2000, 

Kushi et al., 1998).  

          
         
       (PYY)  .  
     ,      

       16 .    
         

,        
    ,     

          
       

  . ,     
   mRNA        
     ,    

          
   . 

   ,    Y  
NPY,  AGRP      
(POMC)        
(Barsh  Schwartz, 2002). Ω   ,    

        ,  
AGRP   POMC.       

        AGRP mRNA 

         
.        

C mRNA   4 ,       
         

  (Filler, 2004).       
     ,  

     PYY,    
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        AGRP mRNA. 

      PYY     
         

    (Acuna-Goycolea and van den 

Pol., 2005) 

 

 

3.4.7  MCH     

 

 MCH         
         

         
 (Kanatani et al., 2000, Kushi et al., 1998).  

        
  ,     MCH 

        (Kanatani et al., 

2000, Kushi et al., 1998).       MCH 

     ,    
   .      

      ,    
   .    MCH,  

somatostatic like receptor 1 (SLC-1),      
 G-protein-coupled receptors (Chambers et al., 1999, Lembo et al., 

1999).     mRNA      SLC-1 

      MCH  ,  
 ,       .  
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   5:       
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3.5      
  

 

            
          

         
 .          

        ,    
,     ob/ob       

    ,     
   .       
 ob        

.  

,  ,         
          ,  

.         
     .     

            
   ,        

        .   , 
          
 .  

,        
 .  ob/ob        

        .   
         

 ob/ob           
.           

   ,      
  .     , ,  

    ,     
          

      (Verploegen S. et al., 2002). 

         
          

 .          
       , 

          
 . (Flier J.S., 1998) 
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 .       
         

  ,     .    
     -     

        . Έ   
        

          
. 

         
      ob/ob .     

         
(uncoupling protein, UCP-1) mRNA.    

        
,        ATP.   

           
    UCP-1.    UCP-2  

        ,   
     .      
        24  

           
     . Έ      

         
. (Friedman J.M., 2000) 
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3.6      
 

 

3.6.1    

 

            
          
        

 . Ό   MCH-   ,  
        (Kanatani et al., 

2000, Kushi et al., 1998).       
     , 

         
  .      

: 

      ,   
     

       
DNA      - -  

     (     
)      

  . 

,   levodopa (    
, L-dopa)        

       . Ω ,  
        
 .       

         
 ,      

        . 
          

 .    knockout    
     . (Kanatani et al., 

2000, Kushi et al., 1998). Έ ,      
         

    . 
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3.6.2   

 

         . 
,         

        
   (Vickers, Clifton, Dourish & Tecott, 1999).  

      
 ,    

 ,   ,  
     .   

     ,    
         

       
. M      ,  

serotonin receptor subtype 2C (5-HT2C),     

(Tecott, Logue, Wehner & Kauer, 1998).    
   ,     

          
       

  . Έ .    
     5-HT2C      

    .    ,  
     5-HT2C   

        
 . 

 6:   
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3.7       
 

 

           
         

 . Έ ,        
          

.       
       :  

      (CCK-A) 

   bombesin receptor subtype 3 (BRS-3) 

T  Otsuka-Long-Evans Tokushima Fatty (OLETF) , 

         

     CCK-A (Moran, Katz, Plata-

Salaman & Schartz, 1998).       
      CCK-A (Moran et al., 1998).  
        
     CCK-A. ,  

    OLETF     
     CCK-A   , 

       CCK-A  
         (Kopin 

et al., 1999). 

   BRS-3     
          

   (Moran et al., 1998).     
        

      BRS-3. Ω ,   
   BRS-3   ,     

        
   -  ,    

 (Hampton et al.,1998)   neuromedin B receptor (Ohki-

Hamazaki et al., 1999)-   .4 

      ,  glucagon-like 

peptide 1 (GLP-1).    GLP-1 (GLP-1R)   
,   ,      

 GLP-1R,    (Ohki-Hamazaki et al., 1999).  
  ,      knockout  
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GLP-1R,     ,    
       (Wang & Dockray, 1999).  

GLP-1R knockout        
in vitro      GLP-1    GLP-1R 

         
    . 

 

 

3.7.1 :         

 

        28   
   .      

   ,       
    ,   NPY  

AGRP      .   
            

,   ,  -1b     
 .        
       ( . , . 

, 2002).        
           

         . 

          
         

         30%,  
          
   (Badman M.K. & Flier J.S., 2005).   

         
         

     .      
         

(Nagaya N, Uematsu M, Kojima M, Ikeda Y, Yoshihara F, Shimizu et 

al., 2001) 

        
   ,    

,       
.        
   (Badman M.K. & Flier J.S., 2005). 
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 ,          
        

.          
     .     

  ,     
   (Pinkney J, Williams G, 2001). Έ  

         
,        

 . Ά        
          

(Ukkola O, Ravussin E, Jacobson P, Snyder EE, Chagnon M, 2003).  

         
     .     
           

           
       

 Ηlifestyle-relatedΘ .     
      ,   

      ,    
.         

  ,       
  .       

         
   . (Badman M.K. & Flier J.S., 2005). 
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4.        

 

          
       .    

         
      .    

        
    .    

       .   
      (    

ob/ob )        
       .    

        (NZO)   
      (DIO)   

   .  DIO     
         

  .  NZO     
      

    ,   
          

    . (Frederich R.C. et al., 

2000) 

           
   .   PC-1,      

,          
 .      

(CPE)   PC-1         
        .  

          
         

       . 
         

          
. Ά          

  .        
        

 .       
           

           
       .  
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  .   ,    

   . Ω ,     
,         (  

     )   
         

     (Friedman J.M., 2001)   
        

   ,     
          

   .  

         , 

   .     
            

         
       .   

         
         

,          
   .    

         

         
. ,         

        
   ,     
. 
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4.1       

 

         
         

 .         
       . 

Ω , 5-10%        
,        

   .      
 Pima         

(Ravussin E. Et al., 2002) 

 ,         
       .    

       .  
          

         
     . Έ ,   

          
 . 

    ,     
  ,    ob   

    . ,   ob 

      ~500  . 

Φ  ,   ob .    
         

     ,  
         

  .      
         

  .     
  ,   ob/ob ,  

      . (Maffei M. et al., 2001) 

           
        

   . Ω ,     
.          
          

  /     .    
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. 
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4.1.1         
  ω  ω  

  

        

        
  ,   ,      

         .   
       

         

     .     
       ,   

         
. ,       

     ,    
        ,   
.           -

    -    
       , 

           
     .   

          

  /        
   .      

  ,       
      .  

          
    .  
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4.2     
     

 

         
  ,       

o          
   .       

           
    .      

      ,   
  , 5-6   ,      

           
   .  

         
          

         
      :.  

.  Ω ,          
        

    ,   
       , 

       
 4-6        24  

     40%   ,     
           

 Έ ,        
        

        .  
,       ,     

   ,    ,    
  ,       

       
 .       
        

       , 
         

 (Friedman J.M., 2000). 
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     .  

,   ,         
 502 kJ/  (120 kcal / ) ,   

    ,      

       30%  15%.  
     24      

          
          
   . 
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5.  

 

  ,       
 ,       ,   

    .      
        50%    

       80%      
  .    ,   

 ,         
.          

           
         

        .  

          
        

    . 

Έ ,           
       

 ,     .  
  (     )   

         
            

     . 

           
      . 

           
      . Έ ,  

      ,   
,       

Υ Φ,   ,   YY    
GLP-1. 

     (       ) 
 ,       
          
  (  ). 

,       , 
         

     (  ). 
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      ,   
     . Έ   
          

    . 

         
Υ Φ    .      

   Υ  Φ. 

Έ           
      
        

.       ,  
          . 

 ,  ,       
        .  

       . 

,        
     Φ      . 

           
        

  . 

,         , 
          
 ,   . 

            
         

. Φ  ,     
         

  ,     
  ,        

       
  . 

 

           
            

  .    ,    
         
          

         
     (ingestive behavior, 
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  ,  ).   
           

     .  

    ,     ΗlimbΘ  
      (     

    ),     
         

 .       
   , ,      

       
. 
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