
 

Aus der Klinik für Allgemein-, Viszeral- und Transplantationschirurgie  
der Medizinischen Fakultät  Charité   

Universitätsmedizin Berlin   
 

 
DISSERTATION 

 
 

                     Erythropoietin Promotes Hepatic Regeneration     
                              
                              After Extended Liver Resection in Rats 

 
 
 
 

zur Erlangung des akademischen Grades  
Doctor medicinae (Dr. med.) 

 
 

 
 
 
 

vorgelegt der Medizinischen Fakultät Charité  
Universitätsmedizin  Berlin 

 
 
 
 
 

von  
 
 

   Veeravorn Ariyakhagorn 
 

    aus Bangkok Thailand 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
       

 
 
 
Gutachter:  1. Priv.- Doz. Dr. med. U. P. Neumann 

   2. Prof. Dr. med. R. Somasundaram 

   3. Priv.- Doz. Dr. A. Radtke 
 
 
 

 
 

Datum der Promotion: 21.11.08   
 

 

 

 



 

 

 

 

 

 

 

 

 

Widmung 
 
 
 
 
 
 

meinen Eltern 

 
 

,, … es wäre nicht so, wie es ist, wäre es damals nicht gewesen, wie es war ...“ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Erythropoietin promotes hepatic regeneration 
 

After extended liver resection in rats 
 

Contents                                                                                                 Page 
 

1. Introduction                                                                                                                1 

2. Literature Review                                                                                        3 

   2.1 Ancient history of the liver regeneration                                                                3 
       

          2.2 Factors affecting regeneration in hepatectomy and transplantation                      5     
     

2.2.1 Chronic liver disease states                                                                            5 
               
         2.2.2 Age                                                                                                                 6 

      
     2.2.3 Steatosis                                                                                                        6 

 
        2.2.4 Ischemic Injury                                                                                               6 

             
         2.2.5 Minimal liver mass                                                                                         7 

           
          2.2.6 Other factors                                                                                                  8 

      

     2.3 Mechanisms of extrarenal erythropoietin production                                             8 
 

     2.4 A site of erythropoiesis in the regenerating liver                                                    9 
      

2.5 Recombinant Human Erythropoietin                                                                    12 
 

            2.5.1 Affecting erythropoietin on multiorgan                                                       13 
 

                     2.5.1.1 Affecting erythropoietin on kidney                                                 13 
 

                     2.5.1.2 Affecting erythropoietin on heart                                                   13 
 

                     2.5.1.3 Affecting erythropoietin on liver                                                     14 
 

                     2.5.1.4 Affecting erythropoietin on brain                                                   14  
 

                     2.5.1.5 Affecting erythropoietin on wound healing                                    15 
 

         2.5.2 Erythropoietin Biology in Cancer                                                               16 
 

             2.5.3 The dosage and route of administrations of Erythropoietin  
 

                     on multiorgan in the previous studies.                                                       17 



Page 
 

3. Purposes of the study                                                                                              21 
 

    3.1 Study questions                                                                                                    22 
 

4. Materials and methods                                                                                             23 
 

   4.1 Animals and surgical procedure                                                                            23 
 

   4.2 Operative technique.                                                                                             24 
 

          4.2.1 Surgical technique of liver resection.                                                           26 
 

   4.3 Animal Sacrifice and Organ Harvest                                                                     28 
 

   4.4 Survival Analysis                                                                                                   28 
 

 4.5 Histology                                                                                                                29 
  

    4.6 Measurement of hepatocyte proliferation  
 

          (Ki-67 positive cells, PCNA, mitotic index)                                                           29 
 

   4.7 Quantitative real-time polymerase chain reaction (RT-PCR)                                29 
 

   4.7.1 TGF-ß1, STAT-3, and HIF-1α investigation.                                               29 

          4.7.2 VEGF investigation                                                                                     31 

   4.8 Statistical analysis                                                                                                 32 

5. Results                                                                                                                       33 

    5.1 Hepatocyte proliferation                                                                                        33 

    5.2 Hypoxia induced factor                                                                                         38 

   5.3 Transforming growth factor β                                                                                39 

    5.4 Signal transducing activator 3                                                                               40 

    5.5 Vascular endothelial growth factor                                                                        41 
 

    5.6 Survival data                                                                                                         42    
 

6. Discussion                                                                                                                 43 
 

   6.1 Stage of liver regeneration                                                                                   43 
 



Page 
    

 6.2 Basic mechanisms of liver regeneration                                                               46 
 

     6.3 The pharmacokinetics and pharmacodynamics of rHuEPO and proliferative  
 

          effect on liver regeneration                                                                                   57 
 

  6.4 Effect of rHuEPO on hematopoietic system during liver regeneration                  59                           

  6.5 Effect of rHuEPO on TGF-β                                                                                  61 

    6.6 Effect of rHuEPO on HIF-1 α                                                                                62 

    6.7 Effect of rHuEPO on STAT-3 Expression                                                             63 

    6.8 Effect of rHuEPO on VEGF mRNA Expression                                                    64 

7. Summary                                                                                                                   67 

 8. Zusammenfassung                                                                                                  70  

 9. References                                                                                                               72 

10. Appendixes 

10.1 Abbreviation                                                                                                          88 

  10.2 Danksagung                                                                                                          89 
 
    
 

             
     
 
                                                                                               
 
 
 


