
IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xi 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

TABLE OF CONTENT 

Page 

COVER   ............................................................................................ i 

ENDORSMENT FORM..................................................................................... ii 

DECLARATION   .......................................................................................... iii 

RESULT SEMINAR ASSESSMENT............................................................... iv 

THESIS SEMINAR ASSESSMENT .................................................................. v 

SUMMARY   .......................................................................................... vi 

ABSTRACT   ........................................................................................ viii 

ACKNOWLEDGEMENT ................................................................................. ix 

TABLE OF CONTENT..................................................................................... xi 

LIST OF FIGURE  ...................................................................................... xivv 

LIST OF APPENDICES ................................................................................... xv 

ABBREVIATION AND SYMBOLS ............................................................. xvii 

 

CHAPTER 1  INTRODUCTION...................................................................... 1 

 1.1. Background ......................................................................... 1 

 1.2. Problem Statement .............................................................. 3 

 1.3. Theoretical Basis ................................................................. 3 

 1.4. Research Purpose ................................................................ 6 

 1.5. Benefits of Research ........................................................... 6 

1.5.1. Theoretical benefits ................................................. 6 

1.5.2. Practical benefits...................................................... 6 

 1.6. Hypothesis .......................................................................... 6 

 

CHAPTER 2  LITERATURE REVIEW........................................................... 7 

 2.1. Carbon Tetrachloride (CCl4) ............................................... 7 

2.1.1. Classification of carbon tetrachloride ...................... 7 

2.1.2. Absorption of carbon tetrachloride .......................... 8 

2.1.3. Metabolism of carbon tetrachloride in the liver ...... 9 

2.1.4. Role of carbon tetrachloride in oxidative stress .... 10 

2.1.5. Liver damaged by carbon tetrachloride ................. 11 

 2.2. Reactive Oxygen Species (ROS) ...................................... 12 

 2.3. Lipid Peroxidation ............................................................. 14 



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xii 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

 2.4. Malondialdehyde (MDA) .................................................. 15 

 2.5. Antioxidant ........................................................................ 16 

 2.6. Beetroot (Beta vulgaris L.) ................................................ 16 

2.6.1. Classification of beetroot (Beta vulgaris L.) ......... 18 

2.6.2. Classification of beetroot (Beta vulgaris L.) ......... 18 

2.6.3. Active compound in beetroot (Beta vulgaris L.) ... 19 

 2.7. Rat (Rattus norvegicus) ..................................................... 20 

 

CHAPTER 3  MATERIAL AND METHOD ................................................. 22 

 3.1. Experimental Design ......................................................... 22 

 3.2. Experimental Sample ........................................................ 22 

3.2.1. Sample ................................................................... 22 

3.2.2. Number of sample ................................................. 22 

 3.3. Experimental Variable ...................................................... 23 

3.3.1. Independent variable.............................................. 23 

3.3.2. Dependent variable ................................................ 23 

3.3.3. Control variable ..................................................... 23 

 3.4. Definition Operational of Variable ................................... 24 

3.4.1. Carbon tetrachloride .............................................. 24 

3.4.2. Beetroot (Beta vulgaris L.) extract ........................ 24 

3.4.3. Liver damage ......................................................... 24 

 3.5. Research Ethics ................................................................. 25 

 3.6. Location and Time of Research ........................................ 25 

 3.7. Tools and Material Research ............................................. 25 

3.7.1. Experimental animal .............................................. 25 

3.7.2. Tools of research ................................................... 25 

3.7.3. Materials of research ........................................... 256 

 3.8. Research Procedure ........................................................... 26 

3.8.1. Beetroot (Beta vulgaris L.) extraction ................... 26 

3.8.2. Dosage calculation ............................................... 277 

3.8.3. Adaptation period .................................................. 27 

3.8.4. Treatment period.................................................. 288 

3.8.5. Sample collection .................................................. 29 

3.8.6. Malondialdehyde (MDA) assay preparation ......... 29 

3.9.  Data Analyses .................................................................. 30 

 3.10.Research Framework ........................................................ 31 

 

CHAPTER 4  RESEARCH RESULT ........................................................... 322 

 

CHAPTER 5  DISCUSSION ........................................................................ 355 



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xiii 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

 

CHAPTER 6  CONCLUSION AND SUGGESTION .................................... 40 

6.1 Conclusion......................................................................... 40 

6.2 Suggestion ......................................................................... 40 
 

REFERENCES   ........................................................................................ 411 

APPENDICES  . ....................................................................................... 477 

 

  



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xiv 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

 LIST OF FIGURE 

 

Figure                Page 

2.1.   Chemical structure of cabon tetrachloride .................................................. 7 

2.2.   Biotramsformation of carbon tetrachloride .............................................. 10 

2.3.   Fresh beetroot  .......................................................................................... 17 

2.4.   Sliced beetroot  ......................................................................................... 18 

2.5.   Bioactive compound in beetroot  .............................................................. 19 

4.1    Diagram of Diagram of rats MDA liver given beetroot extract induced 

carbon tetrachloride ................................................................................. 34 

 

  



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xv 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

LIST OF APPENDICES 

Appendix               Page 

1. Dosage Calculation ................................................................................... 47 

2. Ethical Clearance ...................................................................................... 49 

3. The Result of MDA Liver ......................................................................... 50 

4. Descriptive Analysis ................................................................................. 51 

5. Normality test ............................................................................................ 53 

6. Homogeneity test ...................................................................................... 54 

7. One-Way ANOVA test ............................................................................. 55 

8. Tukey HSD test ......................................................................................... 56 

9. Research Documentation .......................................................................... 58 

 

  



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xvi 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

ABBREVIATION AND SYMBOLS 

 

α-tacopherol = a type of vitamin E 

4-HNE  = 4-Hydroxynonenal 

AST  = Asparte Aminotransferase 

ATP  = Adenosine Triphosphate 

BE  = Beetroot Extract 

BHT  = Butylated hydroxytoluene 

BW  = Body Weight 

Ca2+  = Calcium Ion 

CAT  = Catalase 

CCl2  = Dichlorocarbene 

CCl3  = Trichloroethane Radical 

CCl3O2 = Trichloromethyl Peroxyl Radicals 

CCl4  = Carbon Tetrachloride 

CE  = Carbon tetrachloride Equivalent 

CRD  = Completely Randomized Design 

CVD  = Cardiovascular Disease 

CYP  = Cytochrome P450 

CYP2E1 = Cytochrome P450 2E1 

CYP3A = Cytochrome P450 3A 

DNA  = Deoxyribonucleic acid 



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xvii 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

DNPH  = 4-Dinitriphenylhydrazine 

ETC  = Electron Transport Chain 

ERO-I  = Endoplasmic Reticulum Oxidoreductin-I 

Fe2+  = Ferrous Ion 

GC – MS = Gas Chromatography Mass Spectrometry 

GPx  = Glutathione Peroxidase 

GR  = Glutathione Reductase 

GSs  = Glutathione Synthetase 

H2O2  = Hydrogen peroxide 

HIV  = Human Immunodeficiency Virus 

HCOCl = Formyl Chloride 

HPLC  = High Performance Liquid Chromatography 

KCl  = Kalium Chloride 

Keap 1  = Kelch-like ECH-associated protein 1 

MDA  = Malondialdehyde 

MP  = Montreal Protocol 

NaCl  = Natrium Chloride 

NADPH = Nicotinamide Adenine Dinucleotide Phosphatase 

NaOH  = Sodium hydroxide 

NF-κB  = Nuclear Factor Kappa-light-chain-enhancer of activated B cells 

Nrf2  = Nuclear factor erythroid 2-Related Factor 2 



IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA 

 
 
 

xviii 

SKRIPSI THE HEPATOPROTECTOR EFFECT OF… HUSNA A. I. 
 

Nrf2-ARE = Nuclear factor erythroid 2-Related Factor 2 Antioxidant Response 

Element 

PDI  = Protein Disulfide-Isomerase 

PERK  = Protein kinase-like Endoplasmic Reticulum Kinase 

Prx  = Peroxiredoxin 

PUFA  = Polyunsaturated Fatty Acids 

ROS  = Reactive Oxygen Species 

SDS  = Sodium Dodecyl Sulfate 

SOD  = Superoxide Dismutase 

SPSS 23 = Statistic Product and Service Solution 23 

TBA  = Thiobarbituric Acid 

TBARS = Thiobarbituric Acid Reacting Substance assay 

TMP  = Tetramethylpiperidine 

TRR  = Thioredoxin Reductase 

Trx  = Thioredoxin 

 

 

 

 

 

 


