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THE EFFECT OF HYPERBARIC OXYGEN ADMINISTRATION ON 

NEUROGENESIS IN THE SUBVENTRICULAR REGION IMPAIRED BY 

METHOTREXATE-INDUCED FOLIC ACID DEFICIENCY IN RAT BRAINS 

Aysun ÇELĠK 

Erciyes University, Gevher Nesibe Genome and Stem Cell Institute 

Department of Neuroscience Master's Thesis, November 2023 

Supervisior:Prof.Dr. Feyzullah Beyaz 

ABSTRACT 

Neurogenesis refers to the formation of functional new neurons from neural stem 

cells in the brain and is usually seen in the hippocampus and subventricular region of 

the brain. Methotrexate (MTX), one of several folic acid antagonists structurally 

designed to inhibit dihydrofolate reductase, an essential enzyme for the synthesis of 

pyrimidine and purine in cell proliferation, is a chemotherapeutic drug that has a 

negative effect on memory and hippocampal neurogenesis in animal models. 

Hyperbaric oxygen therapy is a medical treatment method based on breathing 100% 

oxygen at certain periods at pressures higher than sea level. Stem cell proliferation 

has been documented by various methods following hyperbaric oxygen 

administration, and evidence for neuronal cell proliferation has emerged in the last 

two decades. In this study, the neurogenesis of the subventricular regions of the rats 

was damaged by methotrexate by intraperitoneal injection (n=7), neurogenesis was 

damaged and hyperbaric oxygen was exposed to hyperbaric oxygen administration 

for 1 hour a day under 2 atmospheres pressure (n=7), hyperbaric oxygen application 

was exposed to 1 hour per day under 2 atmospheres pressure during the experiment 

(for 30 days) (n=7), and the group treated with methotrexate was treated with saline 

on the day of injection (n=7)  A total of 28 male Sprague Dawley rats, which were 

randomly and equally divided into 4 groups, were used. Folic acid metabolism, 

which plays an active role in neural development in a group of rats (n=14), was 

damaged by methotrexate, thus disrupting the formation of neurogenesis in the 

subventicular region. Immunohistochemical method was used to investigate the 

effect of hyperbaric oxygen administration on neurogez. Quantitative and semi-

quantitative analyses of staining densities of nestin, doublecortin, ki-67 and NeuN 

proteins were performed with the J image program. In the light of the findings 

obtained from the study, it has been suggested that hyperbaric oxygen administration 

may be an option to prevent possible neurotoxic effects in diseases requiring 

methotrexate use. In addition,  it is aimed to pave the way for a new alternative 

treatment method in order to prevent some neurodegenerative diseases that may 

occur in the future. 

Keywords: Folic Acid; Hyperbaric Oxygen Therapy; Methotrexate; Subventricular 

Zone; Neurogenesis. 
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1. GĠRĠġ VE AMAÇ 

N                                                                           

ifade etmektedir (Altman ve Das, 1965)  N                     p                  

                                                    (SVZ)      p    p             

                                                                          

(M                    2023)  N                                                 

                                                                                  

(W             2003)                                                                

                                                                               

                                          (                2015; Sritiwan, 2023). 

S           p                                                                  

                                          p               ‟                            

                                                                          

                                        (L            2013; Yang ve ark., 2008).  

Ç                                           p                          : 

1) M                                                      p                               

                                     p                                       p      

                           (SVZ)                                              

                 

2) M                                                      p                               

                                     p                                       p      

                           (SVZ)                                               

bir fark  yoktur.  
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2. GENEL BĠLGĠLER 

 2.1. Nörogenez ve Tarihçesi 

N                                                                           

ifade etmektedir (Altman ve Das, 1965)  Y                                    

                                   (N                         2021). İ              

                                                                             

                             p                             . Ramon y Cajal, 

                                                                                   

durgun, yenilenme kapasitesinden yoksun                        r. Bu dogmaya 

20 Y                                         (               1965)   Allen (1912), 

a                                         p   nu, 120                                  

                                                   İ                                  

Das (1965),                                         -               p        

                                        O                                       

                                                                                     

                                                                             

               (E                 1998; La Rosa ve ark., 2020; Moreneo-Jimnez ve 

ark., 2019). Nottebohm ve Goldman (1983),                                   

                                                 p                                  

Y                                                                                    

                                 p                                         p       

                                                                    p              

                              p                                         (L       

1999). Adult-                                                                       

                  p                                                            imkan  

                                                          (E         1998; 
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Kemperman ve ark., 1997)                                                inde 

                                                              p p                

            (K  p                2004)  Y                                     

                                                                      p    (P         

ark., 2011)  S                                                                       

                   (                2009)         p    p                           

p                                  p                   p                     '    

                                                                  (P             2018). 

İ       p    p                                                                  

  p    p                                                                

                               l -                                                      

            (          2018)  E                                              

                                        (K             1996; Leal-                 

2008). 

2.2. Nörogenez ve Kök Hücreler 

K                           (p    p     )                          (     p     ) 

            (M       -C          N       2018)  P                             

                  p                            p         p                      

               p    p                                                 p       

            p                 p    (M       -Cerdeno ve Noctor, 2018).  

E                       (ESC'   )                                              

          p    p          E                       (ESC'   )                      

                      p                                                           

K                                                                     (           

      2019)  K                                                                  

                                                                                  

                            p                                                      

                                                     S                            

                                                                                  

                                             S                                     

                                                                         dengedeki 
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                                                                p                

(Morrison ve ark., 2006).  

N     p                   (NPC'   )                                                   

                                    p              pm     p                

            (NSC'   )                                      NPC'                

                       (LV'   )                           (SVZ)      p    p          

        (  )                        (S Z)             NPC'           enme, 

                                                                             

                                                                                 

                              p                                                   

Kemirgen y          p            NPC'                3                       

  p                           p               Y                p                        

     3                                       p                                    

(SVZ'dekine benzer                                           )                   

  p                               (M                    2023)   

2.3. Nöral Belirteçler 

Doublecortin (DCX) 

M                                                                              

DCX                         CX'                                                  

                                                                                         

bulunur (Gleeson ve ark., 1998)  İ                                              

                                                                                    

 CX'                                                   (                 1999; 

Gleeson ve ark., 1993)  Y                  SVZ                      CX'            

                   p                                              (O               

2006)  Y                        p                   p 3      p 2 ‟                    

                                             (      C  w   2007)   

Ki 67 

                                                                                   

                        (K            2002). Ki-67 p                               
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                   p                                                               S   

                       p                                                           K -

67'                                                                                  

                                                                              

                            İ                  K -67, heterokromatin antijenlerinin 

                                                                                  

M               K -67                             p                    p       

           p                        (PCL)                          K -67      p    

                        p                       (S      K        2018). 

Nestin 

N                                                               p            

                                                             p                

p                                               p                  p             

                                                                           p        

                      p                                                      kanser 

                                                        K                         

                         p              p                                       

                                                          (                   2018). 

N            C   p                                                     p p           

etiketlemektedir (Doetsch ve ark., 1997; Perez-Asensio ve ark., 2013)  

Neuronal Nuclei (NEUN) 

N             p     p                                                       

                                                                                     

(Mullen ve ark., 1992).  

5-Bromo-2-deoxyuridine (BrdU) 

5-     -2-             (   U)                                                 

                                     N             S                        

                                                           p         (K            

2002).  
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Glial Fibriler Asidik Protein (GFAP) 

N                                       C   p                                    

                                             p       (   P)    p              p   

                   p p                                (        2006; Doetsch, 

1999; Chan ve ark., 2004; Lledo ve ark., 2006)     P                             

   P    p                            SVZ       p p               p             

                                        p        p                                      

                                P                                               

                                         P              p               

                                        P            p                               

                  p                     (                   2004;        e 

ark.,2003; Liu ve ark., 2006). T p 1                                           

          K                                                         

                 (S             2002). 

2.4. Ventriküler Sistem 

V                                                                         

Hemisferlerin ikisinin de foramen interventriculare (f       M     )               
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                    (            S     )                                      

                                                    p                              

                        (T       2012)  

2.4.1.Lateral ventrikül 

L                                                                                      

                                                  L                                     

  p    p                                   İ         p                      p         

 OS              İ                                    (M           )            

                              P                                         p            
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7 

 

2.4.2. Üçüncü ventrikül 

                    p                                 p             ‟                 

                 p                    p     ‟                          

  p        ‟                                                          p      
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etmektedir (        2001). 
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                         (Langet ve ark., 2013; Mullier ve ark., 2010; Rodrigez ve 

ark.,2019). T                                                                       

                                                                     le de temas 

edebilir (Bieber, 1971; Coppola ve ark., 2007).  

2.4.3. Dördüncü ventrikül 

                                          ‟                   p   ‟   p             
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2.4.4. Subventriküler Nörojenik NiĢ ve Nörogenez 

L                                              O            ‟  (O )          
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           p             p           p          (                 1997; C         

      2014; M             2014)                 p- 1                     p          

ve kendini yenilemek veya achaetescute homolog 1- ve distal-less homeobox 2-

   p          C                                                     (           

      1997; P              2017)  C   p                                                   

           SVZ                                                     p             e 

(            )             (P              2017)  T p                                     

                         (RMS) O '            (                 2017)     

                                  p                      ( CX'  )                   

rehber                       p                     p      -4'     p              

p                                                                                 

                                   O '         120 μ  /                            

       (W       e ve ark., 1997; Francis ve ark., 1999; Nacher ve ark., 2000). 

                               SL T-             (RO O)                         

                                                   SL T'      p               

      p            RO O     p      i SVZ ve RMS'de eksprese edilir (Ba-Charvet 

ve ark., 1999;     1999; L           1999; W           1999)  SL T'                   

   p                                                      SVZ'             p  

                       (S w               2006)  O            ‟                      

              RMS                                             -2 ve prokineticin-2 

                                                                                

                    p              p               O '                     

                       O '                                            (          

Nottebohm, 1994; Gould ve ark., 1999; Kempermann ve ark., 1997; Lois ve Alvarez-

        1994)                                                               r haline 

                          (L                      1994)  S                        

           O '                                 p     (  )                      
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       (L                 2014)  N                  (NSC'   )                    

                                                              (C              2016)  

Y        SVZ'          ( NSC'   )                                    ( NSC'   )     

                                         (M               2019).  

 

ġekil 2.1. S                    (R          S     2021). 

2.4.5. Subventriküler bölgedeki ( SVZ’deki) hücre tipleri 

SVZ         p                                     p                                  

                                  1                                                    

renkli sitoplazmaya sahiptir ve glial fibriler asidik protein (GFAP), nestin ve 

            p           T p C                    p                      

                 p                               p  M   1   LX-2 ve nestin 

                                     N            (T p           )   p                  

Doublecortin (Dcx), polisialile-              p              (PS -NCAM) ve 

N    - p                     -        (T  1)    p                                   

SVZ'                                                                              2 

              1                                                                 p       

                         T p E            p                                      

mikro villus sergiler ve vimentin,         S100    C 24                              
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(Craig ve ark., 1996; Didier ve ark., 1986; Doetsh ve ark., 1997; Gleeson ve ark., 

1999; Lois ve Alverez-Buylla, 1994; Spassky ve ark., 2005).  

 

ġekil 2.2. V                             p     (V          ark.,2006). 

2.4.6. Subventriküler Bölgedeki (SVZ) Nörogezin Regülasyonu 

S                        (SVZ)                                                    

                                                                              

                                                   p               SVZ'     NSC'     

p                                                                    2 (   -2) ve 



 

11 

 

 p                       2'          (M               2005)  İ                   

                                              (NSC                                

CNT )                                     (VE                           )  

p        p                     (  p  1                          )    p              

                                  (E               2003;  ó   -Gaviro ve ark., 

2012 ; Greenberg ve Jin, 2005; Jin ve ark., 2002; Palmer ve ark., 2000; R  í   -

C                   2006)                                                               

                                       p  -3 (NT-3) sal      (                 2014)   

 

ġekil 2.3. S                                              (K       2017). 

Sinyal  yolları 

                                      SVZ‟                                        

                     SVZ‟               p                                      

                                p                                                 

     -                                 p                          ebilmektedir. 

                                             SVZ‟                        

                                                                      Ç           

                                                                p               -1 

yeti     SVZ‟        P+                                                  

(Sakaguchi ve ark., 2006)  S                              p                      -1 
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                                        -1                            Ep-ephrin sistemi 

                                       R   p                     Ep  /   SVZ‟   

   p                     p                                                        

W   p                            (C                2000). 

W   p                                                                   K       W   

yoluna B-                      W                         -katenin kazein kinaz 

 / SK3ß    p                                                            -prote-asom 

                   p                    SK3ß‟    W           inhibisyonu ile  

          ;                      -                                                  

               Y        SVZ‟   W  / -katenin sinyali astrositlerde ve transit-

  p                                             p                        K  onik 

        W           JNK    R                 TP                                   

                          p                      W  /                 

p         (PCP)                                                                   

Wnt sinyal yollar                                       W  / PCP                

SVZ‟                                         (                2007; Ikedia ve ark., 

2010).  

N                          -                                                        

Embriyonik beyin                    N                                          

                  N    '                     N                                    

                                            p                                

kodlananlar gibi transkripsiyonel b           p               p                       

   p                                               N                                

        1 (   1)  p         SVZ'        P+                                        

                                             (    ó           2011)  Y                 

      N                       SVZ'        P+                                N     

                     R p '    N         p                                           

         SVZ'                                                          N     

                    SVZ         NSC‟                                               

(Imayoshi ve ark., 2010)  SVZ'                            N                    

                                                                       p        

                   p     (E  R)             N    1                  SVZ'     
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   P+                                                    p                        

                 (               , 2010)          SVZ'      p          crelerden ve 

                             p        p                             N     

                 p  L ST+S  2+                           1    E                

                     N    '                p                               SVZ'     

                                            N                                  

               (      -     ó          2009; R  í   -Castillejo ve ark., 2006). 

S       R                                   NSC                            

                                                                                       

      p                   p                   (N     - Charvet KT ve Chedotal, 

2002; Wong ve ark., 2002)  O             R    p                        (S   1-

S   3)      S                p                               (R   1-Robo4) sahip bir 

p                         S    R   '                      p          p       

         (CC)                                                                    

                              (C       2006; Nguyen-Ba-Charvet KT ve Chedotal, 

2002). R                   (RMS'  ) S   1    S   2                        

  p                      S    p           O '                                

              p         SVZ'                 (N     -Charvet ve ark., 2004). 

                      R       p                                         S   1'          

                p                                                                    

                                              p                p         p       

neden olur (Kaneko ve ark., 2010; Samawoto ve ark., 2006).  

Na+-K+-2Cl- iyonik kotransporter (NKCC1)  

                                              C -                                  

            (      2005; L                 1996; Yamada ve ark., 2004). Na+/K+ 

 TP                       N +               p                           N +  K+ 

ve Cl-             p                                                 P      

                                                                               

                                                  (S        2004; Russell, 2000).  
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PSA-NCAM 

İ                          p                                                     

NC M                                p                                    

             RMS'            p                                                            

(Bonfanti,2006; Bonfanti, 1992; Lois ve ark., 1996; Peretto ve ark., 1997). PSA-

NC M'                          p                                                

                                                       p                          

                p                                                                 

                                                p                                  

                               (    anti ve Theodosis, 1994; Hu ve ark., 1996; Yang 

ve ark., 1992).  

Ġntegrinler  

                                                                                       

                    p                                                

    p                  p                                               -C, laminin ve 

                                1 ( C M-1)                                           

(Plow ve ark., 2000)                                                                  

                                    RMS'                   (E               2003; 

M             w     2002)  İ                                                        

                       p                                                           

                                                                     (E         

Hagg, 2003; Murase ve Hortwitz, 2002; Mobley ve McCarty, 2011). 

Netrinler 

                                                                             

       p   p                                (T      -Lavigne, 2002). RMS'de, 

O '                                                       -1              N       

neogenin eksprese eden ve netrin-1                          ( CC)     p           

                                                 (M             w   , 2002). Netrin-1 

    CC                                                        p                 

                                            SVZ'    O '                   

                                                           N     -1               
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so                                                           NSC p p         

neogenin ifadesini korur (Plow ve ark., 2000).  

Sonik hedgehog (Shh) 

                                                                                      

                                                p                             p 

    p              p                                                                

                                                                                .Sonik 

         (S  )                                                                        

                                                                            

                       p              p                                             

                                                                                   

         (          M M      2001)  

Stromal hücre kaynaklı faktör 1 (SDF-1)  

R   p        CXCR4    R C1/CXCR7'              T                             

                 S          CXCR4    CXCR7    p                            

                 O '        p                                                    

                                    p             T                   p            

p                                                           S  -1            , akson 

                                                                                  

(Kitapgi ve ark., 2006; Schonemeier ve ark., 2008). 

Nörotransmitterler 

SVZ                                                                              

         p                                               (5-HT) terminallerinin 

 p            1   p                                  p                   

                                                          SVZ       

p                                           r rol oynayabilir (Banasr ve ark., 2004; 

T             2014)                                                         

                                                           p-B1 ve tip-C            

    '        p                                         e GABAerjik 

                                                               p             
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          p                   (                 2012;                   2011; L      

      2005)  S           SVZ'                            p p            (      

ase                  p         )                                  p     (   R) 

                                                      p                            

                (Paez-                  2014)  S                              

SVZ'                                                       p               SVZ'     

      p                                            p                           

                                  T            p        SVZ'                    

                      p                                              p             

                                               p                                

                               N                               p               

                                             p                      S              

                                                                                      

                                   (Ota ve ark., 2023). 

Sitokinler 

Anti-inflamatuar (IL-4, IL-10, TGF-β)    p  -inflamatuar (IL-6, TNF-α   L-1β   L-

17, IL-18 ve IFN-γ)             p                                                    

             p                                                                

                                                                 (            rk., 

2015; Das ve Basu, 2008; Fuster-Matanzo ve ark., 2013). Bu sitokinler klasik olarak 

anti veya pro-                                                  p                      

(                                )                                                  

                       p  -                                    (C       P       2013; 

MacEwan, 2002).  

2.5. Olfaktör Bulb (OB) 

O                                                                       

                                                                                 

                                                          p                            

                                           p      İ   O                         

     ‟                           (K        J        2011)  O             (O ) 

                                                                    p    p       
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                            p               (V            2017). K                      

O    p                                                       p                      

                                                                                     

                       p                                                            

                                     R                                                

O ‟                                p                                              

     (         2019; Sokolowski ve ark., 2020)  İ          O                      

     O                                                                            

                                                              p                   

                                                                              n bir 

                                       (M              2012; Simitka ve ark., 2009). 

                  O                                                        p           

                 p                               p        (p              )   tmanlar 

                                                                                  

                            (W            2008)  İ                               

O ‟        p  p                          :                  p                    

juxg                    P                  p                            p        

                                                                  p         

             (E            ark., 2014)  O            ‟   (O )                   

                                                               p              

                                                                                 

                                                (C               2009)  O              

                                                                              

               ‟                                                               

                                          p                             

                                     p                      pleksiform tabakada 

p                                          p                                       

                                                                          M            

                                                                                

         p     İ  p                                                               

                                p                                           

                                                  S p                   O ‟   
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giren                             (W            2018)  S                        

                                                                              

             p                                                                      

               S                                                                    

                                                                                      

                                       E                             SVZ / O  

                                                                       

                                (J    w             2020)   

 

ġekil 2.4. O                            p    (               2016). 

2.6. Hipokampüs 

L                                   p         pp    p   (                         

             )                                      p     (                       

               p;                        )             p      (     /          

                       )‟            p     pp    p    ‟                          

              pp    p  ‟                                                       

             L                                                    p    p         

                     p    p                                           p      

                     p                                   p     C      C          
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K                                  pp    p   L                                    p 

                                                                                      

  p     p                 5                     p    p             S          

Cornu ammonis, Gyrus Dentatus, Gyrus Parahipocampalis, Formatio Hipocampalisi 

                                           p             S          C     ‟   

transition yeri olup bir taraftan hipokampus                p     p    p             

           (Y         2018). 

  pp    p   p  p     (             )                                     

            C            '                        p       p                  

                       pp    p   p  p                                          

                             pp    p                                      

                                                                                   

  p    p  '                      '                        hipokampus'un en belirgin 

                                                                                     

      . Her iki hippocampus proprius ve subiculum, serebral korteksin asosiasyon 

                                               p               l kortekse direkt 

                      E                                                     

                  p    p  '                                           ;   p    p      

                                                                            lir.Gyrus 

                                                      p       p     pp    p        

                                                                                    

                                                            '            p    pus'a 

                                            Cornu ammonis ve gyrus dentatus 

                                        "C”                            (Y         

2018). 

  p    p                       p                                  p           

derinlik                   p    p                               p           

                                                         p                     

                p                    (         p   ) p                                 

                 p    p                                                   

                     p                                    p           Y        

  p    p                                                       (  )             
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devreye en              (Y         2018).  

2.6.1. Hipokampal Nörogenez 

             (  )                                                             

                                                     C 3                a yer alan 

                                                                                  

                                                 (K       2018)               

                                                         NSC p p              

benzers                           S                                        

              p                                            NSC                

             (                   2016)    p    p                               

                       p   -mit                                                      

                         (                   2012; K  p                2004)       

                        p-1                                                         

          (  p-2         )         . Tip-1                                            

      p                (NPC)                 '                                      

                                              p        (   P)                         

                   p               p radyal-                         (    pp            

2003; Seri ve ark., 2001). Tip-2                            Y                         

                  p                    P-                                               

               p                             T p-2                                  

                        ( CX)   CX-negatif tip-2              (        

            )     CX    p                                                           

tip-2                         w           2003; Filippov ve ark., 2003; Kronenberg 

ve ark., 2003). Tip-2              CX-pozitif ve nestin-negatif olan ve yuvarlak 

                                           p-2                           p-3           

                    (                2003)  T p-3 h                                

p                                            (PS -NCAM) eksprese etme 

kapasitesine sahiplerdir (Seki,2002). Tip-1, tip-2A, tip-2B ve tip-3                   

  p    p   S Z'                      p                         p-2A, tip-2B ve 

tip-3                                   p                                     

(K  p                2015)                              3                     
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p p                                                               p   -                

b             -                     (N  N)               (CR)- ekspresyonu ile 

karakterize edilen post-                          (                2003; K  p       

         2003)  O                        (              )                 p p    

nedeniyle son     4                                                4                   

                                                   % 20'                            

                                 (               2000; K  p                2003; 

Kuhn ve ark., 2005)                                                              

                     p    p   C            (C ) 3                        

                                                                           

                                          (    )                               

C −'                                                                      N + / K + / 

C  −                       p           S                                C −'    

                         (                 )           et etmesine izin vererek ve 

                                                                                  

  p                                            p    (                 2001;             

2006; R               1999)                                            p     

                                                                          

(K  p                2003)                                         

                                                                                  

                                           p                                       

                                                                       

                       (M    -Burgin ve ark., 2012; Van Praag ve ark., 2002). 

O                                                                          

                                                            (                   2004; 

Schmidt-Hieber ve ark., 2004; Van Praag ve ark., 2002; Wang ve ark., 2000). 

  p    p     '    S Z'                                                          

eder (Leal-Galicia ve ark., 2008; Overall ve ark., 2020; Toda ve Gage, 2018; 

Vicidomini ve ark., 2020).  

2.7. Folik Asit 

                p       p                                          p                  

             (V        9)                                                           
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                                           (M               2022)                

                              p        p                        p            zi, 

      p                                                                     

                                               p                                   

                   '                                   12                N     RN  

             1                                      (      M               2017). 

                              (1-CC)                                       

                                                                         p      

                                                                         

             p                                                              

                                                                               

                                                     ;                                

                                                                                

                                                                               

                            p                                       gebelik 

                                      P                                        

                                                            (                2009).  

                                                 p                              

emil                                    p      p                             

                     p                                                              

                                                                               p     

folat emilimin                               M                                      

       p                                                                  

                                                                                  

                                                                                     

         (K       J       2023)                                               p 

                                                                                 (C        

1992; Padmanabhan ve ark., 2003)                                                   

                                       (K       J       2023)                     

      p                                                          (              2010; 

Wang ve ark., 2019). 
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Folik asit (FA)                                                                    

                                                    T                                

                                                                              

                              p                                                     

                                                                                         

FA biyolojik olarak aktif 5-MT  ‟                           R                 

                             rahidrofolata indirgenmelidir.Folinik asit ise 

(L         )                         p    R‟                                    

5-10 MTHF ve 5-MT   „                T  ‟     5-                               

                                           5-10 MTHF ve 5-MT  ‟    

                           R‟                                                

             p                                                                        

                    p                                             (Menezo ve ark., 

2022).  

                                                                                     

                                                                             p    

(Datta Mirra ve Gren, 2017)                        p                      a ve yetersiz 

                                                                             

                                                                                   

  p                     T   '                                                 

fola                                                       -12                      

                         (K       J       2023). 
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ġekil 2.5.                               (          L      2017). 

 

2.8. Metotreksat 

      p                                   1940‟                              

                            p                 p            p                        

                                                          p                        

             asit antagonistinden biridir (Bedoui ve ark., 2019). Romatoid artrit, 

             p                                                                         

                     p                                                             

                                                             MTX        S      

       ( S -W O)                                               (C       C          

2013)  MTX                                        O                        MTX'   

                                                                        

        p          (                   2000)                                         

                                   p             p                          (      

ve ark., 2001; Zonneveld ve ark., 1996). Hep                                  

  p                                MTX                         (                   

1995)  M           (MTX)             p                     p                      

(Roenigk ve ark., 1988). 
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2.8.1. Metotreksatın  Toksititesi 

M           (MTX)                                      (R C1)                  p     

( R)         p                                                 p                   

( P S)            p                  M             (MTX) p                 MTX'  

                                                                    (   R)         

                                                                   E         MTX  

timidilat sentaz ve GART/ATIC (fosforibosilglisinamid formiltransferaz / 5-

aminoimid    -4-                                             MP              ) 

                                                                                 

p                         γ -                   (γ-  )                        MTX'    

                  TP                 (  C)              MTX'            

                            (                     1983; Zarou ve ark., 2021)  

                      (   R )                                                       

                                                                        (    R‟  )  

            p                                                                      

                                                         (R       1990)  M             

(MTX‟  )                                                                          

          p                                   p                                    

                                                          M           (MTX)          

                                                     p                               p   

p                    p      (Ç              2011)   

Bundan do     MTX‟   p                     p  -                             

                                                                                        

                                                                                     

etkiye neden       Y                                                             

                                                                                    

                   p                                                MTX‟        

                                (S                    2022)                           

                                      MTX‟                                      

                                             (               2022)   
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ġekil 2.6. M                              (Z              2021). 

 

2.8.2.  Metotreksatın Nörotoksitesi 

S                                   MTX                                            

   p                                           MTX                         

gelmektedir. Toksisiteni                                                   

                   N                                                      

                                                             MTX‟           

                                                                               

                                                                             

                                                                              

(V               2003)                                                          

                                                                            

                             MTX            (M                  2002). 

M            (MTX)                                                         

                                                                                 

                                                                               

         p                                                         p           

p                                      1     p                                    
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                                    MTX                                            

                                                                             

                                                           MTX            

                    p                (                2019). 

2.8.3.Metotreksatın  Farmokinetiği ve Farmakolojisi 

Metotreksat (4-amino-4 deoxy-10-N-Methly-Pteroylglutamic acid, mtx) folikasitin 

           (K     p 2009). M                    p                              

        p                                                               p     

K                                                                     M            

                                     (SLC19 1)                                          

                           -p                       M          -poliglutamat da 

                                                                                  

                                           eder (Mikhaylov ve ark., 2019).  

T                    N         RN '                                              

Metotreksat-p                       p                                       p     

sentezini inhibe ederek DNA sentezini engeller. Bu mekanizma sitotoksik etkisi 

                                              (S               2019).                

                     MTX                                                           

P                                            M           (MTX)                   

                     p                                               (K     p  2009). 

M              (MTX)                                                              

                           S                                  p   p         yonunu  

                                                               p                

                                       (V      2010). 

          MTX‟                              (ROS)               p            

       T               p p                     p          (                2005; 

Phillips ve ark., 2003). R                                                       

                                 p                                                     

(Herman ve ark., 2005).  

Metotreksat (MTX)                ROS‟                                 p      

                                     M           (MTX)     R‟                 
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                                     (DHFR), dihidrobiopterinin nitrik oksit sentazlar 

(NOS)            NO                                                 p       

indirgenmesini katalize eder. T            p                              NOS‟  

         NO                          ROS                         p      

(Chalupsky ve Cai, 2005).  

O                                                                                

                               5-aminoimidozal-4-                          

(AICAR) transformilaz enzimini inhibe ederek adenozin ve guanin 

                          a                           ;    adenozinin anti-

                                  T-                                      -

                                         C -95  T                             

         ;                                                      -1           '         

          p                                            (T           W            

2020; Mikhaylov ve ark., 2019).  

Metotreksat (MTX)                            %50          p      p               

           İ                                                                           

                                   .T                 MTX                             

                                           MTX                                  

                                                K  -beyin bar        MTX       

                                  OS‟                                         

                                                                 6     8               

(Kayaalp, 2009).  

MTX                                                                    p        

(Lucas ve ark., 2019)  L                                                  N      

          MTX'                                                                   

         (V                     2019)  L                             t tedavisi 

                  p                                                             

                        T                  MTX'                                   ; 

                                                                                 ilir 

(Van der beek ve ark., 2019). MTX                                           

                     L           (LV)                                   
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Bifidobacterium longum'un intragastrik uygulaması, MTX'                         

                                                      (               2020)  

 

ġekil 2.7.                          (K              2020). 

2.9.Hiperbarik Oksijen Tedavisi(HBOT) 

  p                                                                             

periyotlarla %100                                                                

T                        1 4  T                                

              V                    %100                            (  p     

       )                                  (1  T ) %100                  (         

       )   OT                            (Ç       2009; Faesecke, 1997). 

  p                            (  OT)                                            

                                                                               

               p                                  (   '   )      MP               

        (CRE )                                   p                          

  OT'                                               OT                     

bulgular ile klini                                                        OT'   

p                                                                              

                                                                           

               (M           2011)    p  barik oksijen (HBO2)          p          
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                            (            )                                          

                       ;                                                p       

                                                                Ç                   

                                   p                                            (ROS) 

                                  (RNS)                     Ç                       

  OT‟                                                              

                                                                                

yara iy                                                 p   -                          

                              (         C  p       2014)  

2.9.1. Hiperbarik Oksijen Tedavisinin Tarihçesi 

          İ           p            w‟   1662                       

“          ”                                         OT‟                         

                                                      p                              

                                                                                   

il                                                             ;                   

                                                               p         (Ç       

2009; Kindwall, 1995)  1775         P                                          

                             p                               p                

           (J     1999; Kindwall, 1995)  J        P                                  

                p                                    (E                1980).  

1840‟      T                                                                  

                          T                                                        

                         p                                                    

                p                                                           

(Faesecke, 1997)                                    1879‟                           

                                                                                 

                               19  Y                p                                

                  p                                  P            L       S     

                          (K   w     1989)  1930‟                      İ          

                                     p                     OT             
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                                    p                                             

                                             (               1977; Mader, 1989). 

 Hiperbarik oksijenin (HBO2‟   )                                  C        -

                                     p                               p‟   

  p                                                                              

                                                                 p               1963 

                 ‟                       p                       (Bhenke, 1977; 

Mader, 1989). 1970‟              S           p        T p C        (U        & 

Hyperbaric Medical Society-UHMS) toplanarak HBO2 tedavisinin temel          

                                                                                 

            p                                     p           p              

                  O                                                                

                                                   1990                            

    p    p        T p K        (E   p    C             p        M         

EC M)     p ‟      1994                                                (Ç       

2009; Kindwall, 1995).  

  p                         (  OT) T      ‟                          p       

                                                   (       2011). 1990‟            

HBO2                                                                                

insa                                                                                

  OT                 (Ç       2009). 

2.9.2. Hiperbarik Oksijen Tedavisin Endikasyonları ve Kontrendikasyonları 

25         2022                      S               K      S      U        

T             ;      p                                                            

(CO) veya siyanit zehirlenmesi, anoksik/hipoksik ensefalopati, akut duman 

                               p                                                   

(SR T)                                                                      

                   (                            )                                 

                                p             p                                          

 p               p                                              -sternum ve 

                                                   HBO2                       
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                        p                                                    azla 

seans HBO2 uygulanabilmektedir (Budak, 2007)  T                          

                      p               S                                 

p                                                                            

                                                                                          

                                                                                  

                                            O                                    

                                                 . N                             CNS 

                                                                                           

                            1 5  T                                              

     HBO2 sea                                                                   

                           p                     HBO2                           

                    p        O                (  OT)                        p   p    

                                              p   p                        

            (J     2017).  

2.9.3. Hiperbarik Oksijen Tedavisin Fizyolojik Temelleri  

Boyle Gaz Kanunu  

S                                                                                      

Boy   K                                                                       

                                        p                              p             

                 HBO2‟                                                      

        E         HBO2                                                

                                                   (K   w     2002).  

Charles ve Gay-Lussac Gaz Kanunları 

                                                                                         

olarak                                                                               

         S                                                                           

                                                                                   

                p             p                                                    

                                   (J     1999)   
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Henry Gaz Kanunu  

S                                                  p                               

                                   Ç                                                  

                                                                 O               

                 %97-98                    %2-3     p                           

                                                                  %97 5‟     1     

             1 34                      p                                           

                     15   /                   100          19 5                   

  p                K p                                  %75                  S     

                               100          14 5   ‟        ;                 5    

                              p                         (  OT)     p                

                                                      2 8  T ‟   %100         

             100                                  6                         

                                             p                            

                                                   p                            

     p                                                          K         (J     

1999).  

Dalton Gaz Kanunu  

                                                                             p       

                                                                                    

  p                                                                  p       

         %21           %78              %1                        Y           

                                                                                       

               S                                           1   /  2  760      

     1  T ‟                          K                                  

          p                21/100   760      = 159 6      (         160     ) 

       0 2  T             p             O             2                          

          p                                                  320            0 4  T  

           p      (J     1999)   
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2.9.4.Hiperbarik Oksijen Tedavisinin Etkileri 

Doku hipoksisinde azalma  

N                                                    %97-99                    

doygun                                                         p        

                              Plazma                                            

          O                                                                           

            (S              2003; Greensmith ve ark., 2004; Topal ve Korkmaz, 

2008; Leach ve ark., 1998). Normal barometri                                  

                 1             3    p                               

                                                                                        

100         55     ‟                                      p               

             -       ; 3  T                 %100                  -          

p                                                                            2000 

        500     ‟                             60   ‟            (              

ark.,2004; Leach ve ark., 1998; Sahni ve ark., 2003; Ş               2011;T p      

Korkmaz, 2008).   

Reaktif vazokonstriksiyon  

M      p                                                                      

                      p                                                          

           p                                   K  p                             

                         p                                             

                                                              (                    

2004; Leach ve ark., 1998; Sahni ve ark., 2003; Ş               2011; Topal ve 

Korkmaz, 2008).  

ĠyileĢtirme etkisi  

  p                                                                OT   

                                                                               

                                                      p                               

(Ş               2011). Ek olarak HBO2      p                            

                                                                        p                
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       (                    2004; Leach ve ark., 1998; Sahni ve ark., 2003; Ş      

ve ark., 2011; Topal ve Korkmaz, 2008). 

Oksijen basıncı artıĢı  

Z                (                                                               ) 

                                        Y                                     

                                                                         sek 

                    (                  2011; Topal ve Korkmaz, 2008). 

Antibakteriyel etki  

                                      p                          HBO2          

L                                                                              

                                                                         

bakterilerin yok edilmesine sebep olan anti-                                  

(Greensmith ve ark., 2004; Leach ve ark., 1998; Sahni ve ark., 2003; Ş               

2011; Topal ve Korkmaz, 2008). 

Basınç etkisi  

                                            p                                    

              (                    2004; Sahni ve ark., 2003; Ş               2011; 

Topal ve Korkmaz, 2008). 
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3. GEREÇ VE YÖNTEM 

3.1. Gereçler 

3.1.1. DemirbaĢ malzemeler Aletler 

 Mikrotom 

   p                        

 IHC boyama seti  

 Su banyosu  

 K                

            

 Derin dondurucu -80  

                       

 K                     S        

 Stereo mikroskop  

 S            p           

 Preparat saklama kutusu  

 Otomatik mikropipetler  

                                

 M                 

 V               

 Terazi  

 Cerrahi set  

 E     

 Parafin Dispenser  

                    

 Ph metre  

 M                    
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3.1.2. Sarf Malzemeler ve Kimyasal Maddeler 

 S   O            

 Pikrik Asit 

 Formaldehit  

 Asetik asit  

 96 alkol  

 Absol (Supelco) 

 K      (İ     ) 

 Benzol (Merck) 

 Parafin (Tudamelt) 

 Ksilazin (Rompun) 

 Ketamin (Alfamin) 

 Metil benzoat (Merck) 

 Hidrojen peroksit (Thermo Scientific) 

 P                          (Thermo Scientific) 

 Avidin biotin peroksidaz (Thermo Scientific) 

 Biotinli sekonder antikor (Thermo Scientific) 

 DAB kromojen (Thermo Scientific) 

 Hemotoksilen (Merck) 

 Sikrik asit asetat (Merck) 

 Eldiven (Tenty) 

 E        (10-5-1 ml) (Beybi) 

 Lam (Menzel-Glaser) 

 Lamel (Menzel-Glaser) 

 Entellan (Merck) 

 M               (T      S      ) 

 P p          (İ    p) 

 E       96 (İ      C        ) 

 Sodyum clorid (Merck) 

 Potasyum cloride (Merck) 

 Potasyum dihidrojen fosfat (Merck) 
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 Disodyum dihidrojen fosfat dihidrat (Merck) 

 Sodyum sitrat dihidrat (Merck) 

 Monoclonal mouse Nestin (Abcam) 

 Doublecortin (Ser47) polyclonal Antirabbit (Abcam) 

 Kİ67 P                     (     ) 

 Monoclonal Mouse NEUN(Abcam)  

 Mouse and Rabbit  spesific HRP/DAB detection kit (Abcam) 

3.2. Deneysel Prosedür 

3.2.1. Deney Hayvanlarının Elde Edilmesi 

Ç            ER                   Y     E    K                                  

                                           p         (E    K     T    -Karar 

No:01.06.2022-22/119)              28      Sprague-Dawley              (180-250 

    1      )                            E                                          

U                     M      ‟     p                            p                 

                                                                    National Institute of 

        (N  )‟                        (P     p       L                 C   )      

        S                                   4              ; 

 1  S          (S    )( =7):       p                8     15           

intraperitoneal enjeksiyon yoluyla normal salin (%0,9 NaCl) verildi.  

 2  M                                               p(MTX) ( =7):    

   p                        8     15                  p                     

                 MTX (25  /  )           

 3  M                                          p   p                          

   p(MTX+  )( =7):       p                        8     15             

     p                                      MTX (25   /  )                    

15             2                               1    t hiperbarik oksijen 

                    

 4. Sadece hiperbarik oksijen uygulanan grup(HB)(n=7): Bu gruptaki 

           30               2                               1        p        

                            (S                  2019; W               2020). 
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3.2.2. Hiperbarik Oksijen  Tedavisinin Uygulanması 

      1                       p                                ( =7)           ilk 

                 30                   M                                          p 

  p                                ( =7)         15                      p        

                   E                     EK M‟                      M      

                         p       

3.2.3. Histolojik ve immünohistokimyasal incelemeler için doku örneklerinin 

alınması 

T      p                   30                           p                       

(80   /                                     10   /                          ) 

     p                     (1                     )             (V   P     1977)  T   

   p                                             p                                   

P                             p                   p                               

   (S )                p                                            p   

             14              p                                             

                                     p                                  %50  70  80  

96 ve absol                                                               p         

            

3.2.4. Doku örneklerinin histolojik ve immünohistokimyasal boyama teknikleri 

için hazırlanması  

K                   p                                                         4 

                                            140      p  p                              

                    1      2                       p                   p  p              

28                                                     p                            

             O            ‟                          p           p  p                

112                                                          

3.2.5. Nisll boyama yöntemi (Krezil viyole boyama yöntemi)  

                        p                                                       

                                               p  p          p                 

                                   %0 1                                     5        
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        37 0C                                              3                        

                      %96                         3                           

          2     5                                          p        

3.2.6. Ġmmunohistokimyasal analiz (Strep-avidin Biotin Kompleks (Strept- 

ABC) immünoperoksidaz tekniği)  

İ                                               p  p          p              

                                      p  p        2         5                  

                                                                                         

          % 96        % 80          % 70                                               

3                                             5                    T                

             (P S)             T                               (p  6 0) 600W    

4 5                                                                               20 

                                                                           T      

P S                                   p                                          5 

       p                                   p                                     

                      % 3               p        ( 2O2)     15                      

P S     4     5                            U                               p      

           (    -K 67      -                  -N              -N   )                  

                                    4 C                N                         

                                                  p                            

P S                                         P S    4 5                          

                                  20                                 p         4 5 

       P S                                               p         15              

           T      4     P S               5-10                    (   )             

                          5                                        

                                                                                    p 

          p                  p           p        K          p    p          

                              p                                                    

(O   p     X51)                             

E                                                                         ;  
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3.3. Ġmmunohistokimyasal boyamanın kalitatif değerlendirmesi  

                                            ( P74  O   p    T      J p    )     

            X51            (O   p    T      J p    )                       

                      p                          ( S)                                

                                                   N       K  67   NEUN         

              100     400                                                      

                                           p        : -          (       

                         400X); +               (                           

400X        ); ++              (                                     100X);    

+++               (                   p            p        100X)   

3.4. Ġmmünohistokimyasal boyamanın kantitatif değerlendirmesi  

                                                            : NP'                

                                       S                 O                           

                           p                                                 

        (400X        )                     p                                     

                                                 J 1 51                  (J    

1 8 0_112     p ://              /  /)                                          

                                                                     T        

                     p           3        p                                        

                                                                            

                                             p             (                      

     “                ”)                                                       

her                        

3.5. Ġstatistiksel analiz 

İ                       p P                  p                       verilerinin (% 

            )                       p          lde                             

          GraphPad Prizm 7 (Windows      S     7.04)‟             Bundan sonra 

salin, metotreksat, metotreksat +hiperbarik oksijen ve hiperbarikoksijen grubu 

                                                           p                       
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       p                                T                     ± SEM olarak 

            P < 0 05 istatisti                                  
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4. BULGULAR 

4.1. Histolojik bulgular 

S                       3     4                        p                            

             p                                        N            (C             

               )                    T      p                                 

SVZ‟                                        p                      p                 

                           p                                           

 

ġekil 4.1. S                      S              (SVZ)                           

          N                  ; 200 µ   
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ġekil 4.2. S                      S              (SVZ)                           

          N                  ; 100 µ   

 

ġekil 4.3. S                      S              (SVZ)                           

          N                  ; 20 µ   
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ġekil 4.4. Hiperbarik kontrol grubunda olfaktorik bulbusun histolojik genel 

          N                  ; 200 µ   

 

ġekil 4.5. Hiperbarik kontrol grubunda olfaktorik bulbusun histolojik genel 

          N                  ; 100 µ   
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4.2. Nestin immunreaktivitesi 

S           SVZ                                                             

dokulara anti-       p                              S   p -avidin immunoperoksidaz 

                             

Y p                                        p               MTX    MTX +    

         p                      SVZ                             p             

       p                            İ                                        

nestin immunreaktivitesini  MTX                           p             MTX + 

                       p                                                          

                                                         J                         

                p                                   p        MTX +            

     MTX                                                                 

belirlendi (P<0,05).  

Ç                                                    p                            

                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

47 

 

 

ġekil 4.6. S                                            SVZ                   

immunreaktivitesi, Strept-             p                            ; 100 µ . 

 

ġekil 4.7. S                                            SVZ                   

immunreaktivitesi, Strept-             p                            ; 50 µ   
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ġekil 4.8. S                                            3                             

pozitif tanisitler, Strept-             p                            ; 20 µ   

 
 

ġekil 4.9.  p                                               4                      

       p                 S   p -             p                            ; 20 

µ   
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ġekil 4.10. Hiperbarik kontro                                 3                      

       p                 S   p -             p                            ; 50 

µ   

 

ġekil 4.11. MTX                                3                             p       

          S   p -             p                            ; 100 µ   
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ġekil 4.12. MTX                                3                             p       

tanisitler, Strept-avidin       p                            ; 50 µ   

 

ġekil 4.13. MTX +                                   3                             

p                 S   p -             p                            ; 20 µ   
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ġekil 4.14. MTX +                                   3                             

pozitif tanisitler, Strept-             p                            ; 20 µ   

4.3. Doublekortin immunreaktivitesi: 

S           SVZ               C                                               

anti- C p                  uygulayarak Strept-avidin immunoperoksidaz boyama 

                      

Y p                                        p               MTX    MTX +    

         p                      beyin SVZ                           

    p              C p                            İ                             

            C                      MTX                           p             

MTX +                        p                                                   

       

                                                         J p               

                                      SVZ                  p         

                          p        MTX +                 MTX               

                                                             (P<0 05)  Ç         
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double                                           p                                   

                                 

 

ġekil 4.15. S                                             3                       C 

p                 S   p -             p                            ; 50 µ . 
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ġekil 4.16. S                                            3                       C 

p                 S   p -             p                            ; 20 µ . 

 

ġekil 4.17.   p                                                                    C 

p                 S   p -             p                            ; 20 µ . 
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ġekil 4.18.   p                                               3                      

DC poziti            S   p -             p                            ; 20 µ   

 

 

ġekil 4.19. MTX                                3                       C p       

          S   p -             p                            ; 50 µ   
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ġekil 4.20. MTX grubuna ait bir                                     C p       

          S   p -             p                            ; 20 µ   

 

 

ġekil 4.21. MTX +                                   3                       C 

p                 S   p -             p                            ; 20 µ . 
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ġekil 4.22. MTX +                                   3                       C 

p                 S   p -             p                            ; 20 µ   

 

4.4. Ki67 immunreaktivitesi 

S           SVZ              K 67                                               

anti-K 67 p                              S   p -avidin immunoperoksidaz boyama 

                      

Y p                                        p               MTX    MTX +    

         p                      SVZ                               p             

K 67 p                            İ                                        K 67 

immunreaktivitesinin MTX                           p             MTX +       

                 p                                                          

                                                         J p               

                                       SVZ                  p         

                          p        MTX +                 MTX               

                                                             (P<0 05)   
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Ç         K 67                                     p                            

              p                                  

 

ġekil 4.22. S                                             3                      K 67 

p                 S   p -             p                            ; 50 µ   

 

ġekil 4.23. S                                             3                      K 67 

p                 S   p -             p                            ; 50 µ    
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ġekil 4.24.   p                                               3                      

K 67 p                 S   p -             p                            ; 20 µ   

 
 

ġekil 4.25. MTX                                3                      K 67 p       

          S   p -             p                            ; 20 µ   
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ġekil 4.26. MTX +                                   3                      K 67 

p                 S   p -             p                            ; 50 µ   

 

4.5. NeuN immunreaktivitesi 

S           SVZ              N  N                                      

dokulara anti-N  N p                              S   p -avidin immunoperoksidaz 

                             

Y p                                        p               MTX    MTX +    

         p                      SVZ                               p             

N  N p                            İ                                        

N  N                      MTX                           p             MTX + 

                       p                                                          

                                                         J p               

                                      SVZ                  p         

                          p        MTX +                 MTX               

                                                   elirlendi (P<0,05).  

Ç         N  N                                     p                           
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ġekil 4.27. S                                             3                      N  N 

p                 S   p -avid         p                            ; 50 µ . 

 

ġekil 4.28.   p                                               3                      

N  N p              S   p -             p                            ; 20 µ . 
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ġekil 4.29. MTX                                3                      N  N p       

          S   p -             p                            ; 50 µ   

 

 

ġekil 4.30. MTX +                                   3                      N  N 

p                 S   p -             p                            ; 20 µ   
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5. TARTIġMA VE SONUÇ 

M           (MTX)                                  p    p                      

                            p                 (S    w            2023). Postnatal 

MTX maruziyetinin merkezi sinir sistemi                                             

        6        P                           MTX           p p                   

                              p                                    ;                       

  p p                        (S                 2015)  Y             

  p    p       K -67-p                                 (              p          

               ) p                           MTX             (Y             2011)  İ   

                                     (MTX) 5   /      150   /                  

                                              (RMS)                     

               RMS'    2        p                                                 

                                                 RMS'                             

                                     (                2015). Y p                

                               p            p                             

M           MTX‟                                                                ; 

metotreksat (MTX) ve                 da S Z‟   S  2          -p                    

                                                                             

            (S    w            2023)  Hesperidinin (   '   ) MTX'                  

                                                                                 

Sp        w               8     15                      (    )                        

    MTX (75    /   )      21                                (100    /   )     

                                   (NOL)                    (NOR)           

                                               p                                

                                            K -67                    (   U)    
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               ( CX)                           p          V      , Hsd ve 

MTX'                                                M           (MTX) 

                                                                         MTX 

                                                                         

                                                      MTX                     

                                                                         

   p         (   ‟   )             MTX                             

                                   (N  w            2019)   

Albin  W                                                           + MTX    

            (MTX)                                   Y                           

                                                                   p         

                                                           p                  MTX'  

                                                                    (             

2019)  S                        p         MTX                                     

                                                                                   

                                         (                 2005; Matsuda ve ark., 

2005; Winocour ve ark., 2015)  E                                                      

                    p                    bilir (Dietrich ve ark., 2015; Lange ve ark., 

2014; Seigers ve ark., 2010). 

                       (   R)                                                      

                  (T  ;                             )                                

                     N                      p                                      

(Stro             2005)                                               p    p     

                                                                                   

                                                                                   

                                                                       p    (L        

ark., 2011; Seigres ve ark., 2009; Seigres ve ark., 2008; Wen ve ark., 2018; Yang ve 

ark., 2011). M                         p                                  MTX 

kemoterapisinin yol a                                                               

                               (Nataya ve ark., 2020).  
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Erkek Sprague-  w                      MTX               MTX+          

            p                7     14           MTX (75 mg/kg, i.v.), metformin (200 

  /      p )     14                        K  p  -3                                 

hipokampusta PSD95, Bcl-2  CRE     pCRE  p          p                        

      p                                 MTX'              etkilerinin metformin ile 

                                        M                                    p    

p                      p p                              p                           

p                 p             MTX                            a hipokampal 

                                                                    (N         

ark., 2023). 

 K         p                 OT'                                                     

                          p                                             (M           

      2009; T             2011; Y             2008)    p                        

                 OT  SVZ‟        ‟       5-bromo-2′-             (   U)     

               '                                                                 i 

                                 OT                                                 

                                               (L            2013)        p    p   

                                                                             ‟          

      U'                                (W            2015)  S                      

   (SVZ‟  ) W  -3                                           (W             2007)  

  OT'                                                                      

                           OT'                     p                          

                                                           (VE  )        p     

VEGFR-2, Raf-1, Mitojenle aktive protein kinaz (MEK1/2) ve fosfo-           

                         (ERK)  1/2 p                                           

(Y             2008)  V                                           OT p        

                                                            (Z              2010)  

                                                    a mobilizasyonunu, beyin ve 

                                                                                         

                          (L            2013)  Y          ‟                   

                                                                          

                                                          OT‟                
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                        (Jeremic ve ark., 2023). L                                    

                                                                                ulan 

             p                                                                

                               S                                    p            

  p                                                                           

                                                                                 

                p                                                          

                                                                             

                                         p                    p                         

                                                 Y p                  p        

                                                                 larda        

                                                                            ileride 
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