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ABSTRACT 

Title: Hormonal and mineral detection of HCV infection. 

The present work was performed to evaluate the possibility to use 

testosterone, estradiol, zinc, copper andtheir ratios as a marker for liver 

insufficienty. Fifty-two positive HCV male patients with liver 

insufficiency were classified into 4 different groups: steatohepatitis 

(16), chronic hepatitis (17), cirrhosis (12) and HCC (7) besides, 24 

healthy subjects served as control. Blood samples were withdrawn and 

imidiatly heamatological tests were made and the sera were obtained 

and liver functions tests, hormonal tesets (testosterone and estradiol) 

and trace elements determination were made (zinc and copper).The 

results of the present study showed a significant decrease (P<0.05 and 

P<0.001) in serum testosterone level and testosterone/estradiol ratio in 

patients with different liver states when compared with control. The 

serum testosterone level was significantly lower (P<0.05 and P<0.001)) 

in patients with cirrhosis than other patients group. On the other hand, 

there was a significant increase (P<0.01 and P<0.001) in serum 

estradiol level in all groups compared with control. Serum 

testosterone/estradiol ratio was less affected and significantly higher 

(P<0.01 and P<0.001) in patients with steatohepatitis than other 

patients group. Also, the results showed a significant decrease 

(P<0.001) in serum Zn level in patients when compared with control; a 

significant decrease (P<0.05) in cirrhosis compared with HCC. Also, a 

significant increase (P<0.01 and P<0.001) in serum Cu level and Cu/Zn 

ratio in different groups compared with control group. Serum Cu level 

significantly decreased in chronic hepatitis compared with cirrhosis and 



HCC (P<0.05). On the other hand, serum Cu/Zn ratio significantly 

increased in cirrhosis compared with steatohepatitis and chronic 

hepatitis groups, (P<0.05 and P<0.01). It could be concluded that, 

serum sex hormone (testosterone and estradiol) and trace elements (Zn 

and Cu) levels and their ratio may be using as a marker for liver 

insufficiency and liver complications, especially in the early diagnosis 

and prediction of HCC in patients with HCV and in the top of cirrhosis. 

However, further investigation is highly recommended in studying the 

possible role of androgen and estrogen, and trace elements in 

improving diagnosis, prognosis and therapy of HCV positive patients 

with liver insufficiency. 



 جخالص

اىذساسه اىحاىيه قذ ذٌ اىقياً تها إلثثاخ إٍناّيح اسرخذاً هشٍىًّ ذيسرىسريشوُ     

واسرشاديىه ومزىل عْظشي اىضّل و اىْحاط وايضا ّسثريهَا معالٍاخ ىيقظىس 

 ٍشيضا رمشا إيجاتً اإلطاتح تفيشوط 52أجشي هزا اىثحث عيً اىىظيفً ىينثذ  

يعاّىُ ٍِ ٍشاحو ٍخريفح ٍِ االعراله اىنثذي اىىظيفً  (ج)االىرهاب اىنثذي اىىتائً 

 ٍشيضا يعاّىُ ٍِ 17 ٍشيضا يعاّىُ ٍِ اىرهاب اىنثذ اىَرذهِ و 16: قسَىا ماآلذً

 ٍشضً يعاّىُ ٍِ 7 ٍشيضا يعاّىُ ٍِ اىرشَع اىنثذي و12اىرهاب اىنثذ اىَضٍِ و 

.   عيْح24اىسشطاُ اىخيىي اىنثذي األوىً تاإلضافح إىً 

    ذٌ سحة عيْاخ اىذً وفىسا ذٌ عَو طىسج اىذً و اىحظىه عيً ٍظو اىذً واىزي 

و ذقذيش   (اسرشاديىه,ذيسرىسريشوُ )ٍْه ذٌ عَو وظائف اىنثذ و اىهشٍىّاخ 

. (اىضّل و اىْحاط)اىعْاطش 

تيْد اىذساسح وجىد ّقض رو دالىح إحظائيح فً ٍسرىي هشٍىُ اىرسرىسريشوُ 

عْذ ٍقاسّح ٍخريف ٍجَىعاخ اىذساسح تاىَجَىعح اىضاتطح ومزىل عْذ ٍقاسّح 

تيَْا وجذخ . حاالخ ذذهِ اىنثذ االىرهاتً واىرشَع اىنثذي ٍع حاالخ األوساً اىنثذيح

صيادج ٍعْىيح عْذ ٍقاسّح ٍسرىي هشٍىُ اإلسرشاديىه فً اىَجَىعاخ اىَخريفح 

ماُ هْاك ّقض ٍعْىي فً ٍسرىي اىضّل عْذ ٍقاسّح . تاىَجَىعح اىضاتطح فقط

اىَجَىعاخ اىَخريفح ٍع اىَجَىعح اىضاتطح فقط تيَْا أظهش ٍسرىي اىْحاط صيادج 

ٍعْىيح فً مو اىَجَىعاخ ٍقاسّح تاىَجَىعح اىضاتطح ومزىل عْذ ٍقاسّح حاالخ 

االىرهاب اىنثذي اىَضٍِ ٍع حاالخ ذذهِ اىنثذ االىرهاتً واىرشَع اىنثذي واألوساً 

.  اىنثذيح



اىرسرىسريشوُ )خيظد اىذساسح اىحاىيح إىً إٍناّيح اسرخذاً اىهشٍىّاخ اىجْسيح 

فً اىرشخيض واىَراتعح مَا أّها ( اىْحاط و اىضّل)واىعْاطش اىْزسج  (واإلسرشادايىه

قذ ذسهٌ فً اىرْثؤ تاألوساً اىنثذيح وذىطً اىذساسح تئجشاء اىَضيذ ٍِ اىذساساخ 

اىعَيقح ىيىقىف عيً حقيقح ٍا ذٌ اىرىطو إىيه ٍِ ّرائج قذ ذسهٌ تشنو ٍا فً حو 

. ٍشنيح أٍشاع اىنثذ فً ٍظش

 



  

Acknowledgement  
 Before and above all, I would like to record my endless thanks to 

'ALLAH' for every thing gave me. 

 It is my pleasure to express my sincere thanks and profound 

gratitude to Prof. Dr. Nagi Ali Ibrahim Professor of Physiology, Faculty 

of Science, Zagazig University for his participation in planning this work, 

incredible help, valuable supervision, patience, encouragement, 

continuous critical comments and objective support during all stages of 

this work.  

 I wish to express my deepest gratitude and appreciation to Prof. 

Dr. Ahmed Essam Fekry Professor of Physiology, Egyptian Atomic 

Energy Authority, Nuclear Research Center, Biological Applications 

Dept., who participated in suggesting and planning of the work sincere 

guidance, honest cooperation, helpful supervision.  

 I wish to express my deepest gratitude and appreciation to Dr. 

Mohamed Ramadan Abdelgawad, Asst. Prof. of Physiology, Egyptian 

Atomic Energy Authority, Nuclear Research Center, Biological 

Applications Dept., for his fruitful help during the practical, work 

reviewing the manuscript and continuous support of this work.  

 I wish to record my cordial thanks and gratitude to Prof. Dr. 

Samia El-Demeriaty Aly, Professor of Physiology, Egyptian Atomic 

Energy Authority, Nuclear Research Center, Biological Applications 

Dept., for her kind help during practical work and providing the useful 

helps in statistical work.  

 I am also thankful and more than grateful to my family for their 

continuous support and encouragement.  

 

Wafaa Ibrahim Ali



  

 

 

 

 

Dedication  

 

To  

My Father,  

My Mother, My Brothers, My Husband 

& 

My Sons (Amer & Nour El-Din) 

And my daughter (Shrouk) 
 

  



Table of Contents 

 
        Page  

List of Abbreviation  ……………………………………………….. 

List of Tables ……………………………………………………….. 

List of Figures ………………………………………………………. 

 

1. INTRODUCTION………………………………………………… 

 

2. REVIEW OF LITERATURE……………………………………. 

2.1. The Liver ……………………………………………………….. 

2.1.1. Liver fibrosis …………………………………………………. 

2.2. Hepatitis C virus (HCV) …………………………….................. 

2.2.1. History of HCV ………………………………………………. 

2.2.2. Epidemiology and prevalence of HCV………………………. 

2.2.3. Types of HCV transmission …………………………………. 

2.2.4. Clinical manifestation of HCV infection…………………….. 

2.2.5. Diagnosis of HCV……………………………………………. 

2.3.  Haematological parameters in hepatic insufficiency………… 

2.4.  Liver function in hepatic in sufficiency ……………………… 

2.5. Sex Hormones …………………………………………………. 

2.5.1. Sex Hormones Types ……………………………………….. 

2.5.2. Liver and Hormones …………………………………………. 

2.5.2.1. Role of Liver in Hormone Production ……………………. 

2.5.2.2. Role of Liver in Hormone Metabolism ………………….. 

2.5.2.2.1. Liver and Steroid Hormones Metabolism ……………... 

2.5.2.3. Effect of Steroid Hormones on Liver ……...……………. 

2.5.3. Testosterone ………………………………………………… 

2.5.3.1. Physiological effects ……………………………………….. 

2.5.3.2. Testosterone Biosynthesis ………………………………….. 

2.5.3.3. Factors Affecting Testosterone Levels ………………….. 

2.5.3.4. Testosterone Metabolism …………………………………... 

2.5.3.5. Testosterone mechanism of action ………………………… 

2.5.3.6. Gonadal Dysfunction in Chronic Liver Diseases ………… 

2.5.4.  Estrogens ……...……………………………………………… 

2.5.4.1. Types of esterogens ……………………………………….. 

2.5.4.2. Biosynthesis of esterogens ………………………………… 

2.5.4.3. Functions of esterogens …………………………………… 

2.5.4.4. Estradiol in Liver Diseases ………………………………... 

I 

VIII 

XI 

 

1 

 

6 

6 

6 

6 

7 

7 

8 

9 

9 

10 

11 

15 

15 

15 

15 

16 

16 

16 

17 

17 

17 

18 

18 

18 

19 

23 

23 

23 

24 

24 



2.6. Trace Elements ………………………………………………… 

2.6.1. Zinc ……………………………………………………………. 

2.6.1.1. Zinc homeostasis …………………………………………… 

2.6.1.1.1. Zinc absorption, transport, tissue distribution and 

excretion ………………………………………………… 

2.6.1.1.2. Hormonal regulation of zinc …………………………...... 

2.6.1.1.3. Effect of zinc homeostasis on other trace elements …..... 

2.6.1.2. Cellular zinc mechanisms of action and biological 

functions …………………………………………………… 

2.6.1.3. Important biological properties of zinc ………………….. 

2.6.1.3.1. Antioxidant properties …………………………………… 

2.6.1.3.2. Zinc and the regulation of apoptosis ……………………. 

2.6.1.3.3. Zinc and immune status …………………………………. 

2.6.1.3.4. Zinc and inflammation …………………………………... 

2.6.1.4. Zinc deficiency ……………………………………………… 

2.6.1.4.1. Manifestations of zinc deficiency ……………………….. 

2.6.1.4.2. Zinc and Liver interactions in acute and chronic 

diseases ……………………………………………………. 

2.6.1.4.3. Zinc deficiency in cirrhosis and hepatoprotective effect 

of zinc ……………………………………………………… 

2.6.1.4.4. Correlations between the clinical manifestations of zinc 

deficiency ………………………………………………….. 

2.6.1.4.5. Zinc and hepatocellular carcinoma (HCC) …………….. 

2.6.2. Copper ………………………………………………………… 

2.6.2.1. Copper Homeostasis ……………………………………….. 

2.6.2.2. Absorption of copper ………………………………………. 

2.6.2.3. Transportation of copper ...………………………………... 

2.6.2.4. Distribution of copper …………………………………....... 

2.6.2.5. Excretion of copper ………………………………………… 

2.6.2.6. Deficiencies of copper ……………………………………… 

2.6.2.7. Toxicity of copper ………………………………………….. 

2.6.2.8. Interactions with micronutrients …………………………. 

 

3. AIM OF WORK …………………………………………………. 

4. SUBJECTS AND METHODS ………………………………….. 

4.1. Subjects ………………………………………………………… 

4.1.2. Cinical examination …………………………………………. 

4.2. Abdominal ultrasongraphy …………………………………… 

4.3. Liver biopsy and pathological examination …………………. 

4.4. Laboratory investigations …………………………………….. 

26 

27 

27 

 

27 

30 

30 

 

30 

31 

31 

32 

32 

35 

37 

38 

 

39 

 

42 

 

43 

46 

52 

53 

53 

54 

56 

56 

57 

57 

58 

 

61 

62 

62 

63 

63 

63 

63 



4.4.1. Hepatitis markers ……………………………………………. 

4.4.2. Complete blood picture ……………………………………… 

4.4.3. Liver profile ………………………………………………….. 

4.4.4. Assays of serum hormones level ……………………………. 

 

4.4.5. Measurments of serum copper (Cu) and zinc (Z) 

concentrations ………………………………………………. 

4.5. Statistical analysis ……………………………………………… 

 

5. RESULTS ………………………………………………………… 

5.1. Clinical manifestations results ………………………………… 

5.2. Abdominal ultrasongraphy results …………………………… 

5.3. Liver biopsy and pathological examination results of patient 

groups ……………………………………………………….…… 

5.4. Laboratory investigations results …………………………….. 

5.4.1. Hepatitis markers ……………………………………………. 

5.4.2. Complete blood picture, liver profile, hormones and trace 

elements ……………………………………………………….. 

5.4.2.1. Changes in Haematological Parameters ………………….. 

5.4.2.1.1. Changes in red blood cells, heamoglobin and platelets.... 

5.4.2.1.2. Changes in leukocyte counts and their differentiations... 

5.4.2.2. Changes in liver function profiles ………………………… 

5.4.2.3. Changes in serum hormone levels ………………………... 

5.4.2.4. Changes in trace elements levels …………………………. 

5.4.3. Prediction of the liver disease by regression analysis ……… 

5.4.3.1. Regression analysis prediction of each group ……………. 

5.4.3.2. Regression analysis prediction between healthy and 

patients groups ……………………………………………… 

5.4.3.3. Regression analysis prediction between all groups ………. 

5.4.4. Statistical equation that could be applied for detection of 

liver status …………………………………………………… 

5.4.4.1. In healthy group (Group 1) ……………………………….. 

5.4.4.2. In steatohepatitis group (Group 2) ……………................... 

5.4.4.3. In cirrhosis group (Group 4) ………………………………. 

 

6. DISCUSSION …………………………………………………….. 

6.1. Blood count in hepatic insufficiency …………………………... 

6.2. Liver function in hepatic insufficiency ………………………... 

6.3. Sex hormones and liver insufficiency …………………………. 

6.4. Trace elements and liver insufficiency………………………… 

64 

64 

64 

65 

 

 

65 

65 

 

66 

66 

66 

 

67 

67 

67 

 

68 

70 

70 

79 

83 

90 

93 

96 

96 

 

99 

100 

 

120 

120 

120 

121 

 

123 

124 

128 

136 

143 



 

7. SUMMARY ………………………………………………………. 

 

8. REFERENCES …………………………………………………… 

 

ARABIC SUMMARY ……………………………………………… 

 

157 

 

162 

 



I 

 

LIST OF ABBREVIATION 

 

ACTH   : adrenocorticotropic hormone  

AFP       : alpha fetoprotein 

AIH    : autoimmune hepatitis. 

ALD    : alcoholic liver disease  

Alp or (AP)   : alkaline phosphatase. 

ALT   : alanine aminotransferase. 

AMP    : adenosine monophosphatase  

APP    : amyloid precursor protein  

APRI    : aspartat aminotransferase to platelet ratio 

index. 

ARHA                        :asymptomatic rise in the hepatic 

aminotransferase. 

AST   : aspartate aminotransferase 

AST/ALT                   :aspartate aminotransferase to alanine 

aminotransferase ratio 

b-DNA   : branched DNA  

BMD    : bone mineral density. 

Cd    : cadmium  

CHC    : chronic hepatitis C. 

CIFN    : consensus interferon. 

CL    : cutaneous leishmaniasis. 

http://en.wikipedia.org/wiki/Amyloid_precursor_protein


II 

 

CLD    : chronic liver disease  

CNS    : central nervous system  

Ctr1   : copper transport 1 

Cu    : copper  

Cu,Zn-SOD   : copper-zinc superoxide dismutase. 

cu/zn    : copper/zinc ratio 

cu/zn/MT  : copper/zinc/metallothionein ratio 

cu/zn-SOD   : copper/zinc-superoxide dismutase   

CVH    : chronic viral hepatitis. 

CYP 450  : cytochrome P450  

DCT-1   : divalent cation transporter-1  

DHEAS   : dehydroepiandrosterone sulphate 

DHT    : 5α-dihydrotestosterone 

DNA   : deoxyriboneuclic acid.  

E1   : envelope 1 

E1   : estrone 

E2   : estradiol  

E2/T      : estradiol/testosterone ratio 

E3   : estriol  

ECM    : extracellular matrix  

eIF3   : eukaryotic initiation factor 3  

ELDA   : ensemble linear discriminant analysis. 

ELISA   : enzyme linked immunosorbent assay.   

ER2   : estradiol recapture or (receptors)  

../wiki/Dihydrotestosterone


III 

 

ETIC    : Endemic Tyrolean Copper Toxicosis. 

Fe    : iron  

FSH    : follicle-stimulating hormone 

GBD    : gall-blader disease 

GCV     : genotypes C virus 

GGT    : gamma glutamyl transferase 

GGTP   : gamma glutamyl  transpeptidase 

GH    : growth hormone  

GnRH   : gonadotropin-releasing hormone  

GPR30  : G protein-coupled receptor 30  

GPx   : glutathione peroxidase. 

GR    : glutathione reductase 

GSH       : gonado-stimulating  hormone.  

GTF    : glucose Tolerance Factor 

HAV   : hepatitis A virus  

Hb    : heamoglobin 

HBc Ab   : hepatitis B core antibody  () 

HBsAg   : hepatitis B surface antigen 

HBV    : hepatitis B virus. 

HCC    : hepatocellular carcinoma 

HCV    : hepatitis C virus  

HCV-Ab   : hepatitis C virus antibody. 

HDL   : high density lipoprotein 

Hg    : mercury  

http://en.wikipedia.org/wiki/Follicle-stimulating_hormone
http://en.wikipedia.org/wiki/GPR30
http://en.wikipedia.org/wiki/G_protein-coupled_receptor
http://en.wikipedia.org/wiki/High_density_lipoprotein


IV 

 

HGV     : hepatitis G virus 

HH    : hereditary hemochromatosis. 

HIV   : human immunodeficiency virus 

H2O2                           : hydrogen peroxide. 

HOMA2-IR                : homeostasis model assessment of 

insulin resistance, version 2 . 

HRQOL  : Health-Related Quality of Life. 

HSA    : Human serum albumin. 

ICAM-1  : intercellular adhesion molecule-1 

ICC    : Indian Childhood Cirrhosis 

ICP-AES                    : inductivevly coupled plasma atomic  

emission spectroscopy. 

ICT    : idiopathic copper toxicosis  

IFN   : interferon.  

IgA, IgM and IgG  : immunoglobulins (A, M and G).  

IGF-1   : Insulin-like Growth Factor. 

IL-1   : interleukin-1  

IL-6   : interleukin-6  

IRES    : internal ribosomal entry site 

Kcat    : catalytic turnover number  

LDL   : low density lipoprotein 

LH    : luteinizing hormone  

MCH    : mean corpuscular hemoglobin  

http://en.wikipedia.org/wiki/Indian_childhood_cirrhosis
http://en.wikipedia.org/wiki/Idiopathic
http://en.wikipedia.org/wiki/Low_density_lipoprotein
http://en.wikipedia.org/wiki/Luteinizing_hormone


V 

 

MCHC   : mean corpuscular hemoglobin 

concentration. 

MCV    : mean corpuscular volume 

MDA    : malondialdehyde  

MELD   : Model for End-Stage Liver Disease. 

MLC    : metastatic liver cancer  

MTs    : metallothioneins 

NADPH   : nicotinamide adenine dinucleotide 

phosphate 

NAE    : necrolytic acral erythema. 

NANBH   : non A non B hepatitis  

NAFLD  : nonalcoholic fatty liver disease.  

NASH   : nonalcoholic steatohepatitis.  

NF    : nuclear factor  

NK    : natural killer 

NO    : nitric oxide  

5NUTR  : 5N untranslated region.  

OH    : hydrogen oxide  

PAM                           : Peptidylglycine alpha-amidating mono-

oxygenase. 

PAT    : parenteral antischistosomal therapy. 

PBC    : primary biliary cirrhotic  

PCR   : polymerase chain reaction 

PCT    : Porphyria cutanea tarda. 



VI 

 

PCV    : packed cell volume. 

PEG-IFN   : pegylated interferon. 

PEG-IFN/RBV    : pegyloted interferone/ ribavirin.  

PGE2   : prostaglandin E2 

PHM    : peptidylglycine hydroxylate 

monooxygenase  

ppb    : part per billion. 

ppm    : part per million. 

RBCs              : red blood cells. 

RBV    : ribavirin 

REM    : rapid-eye movement 

RIBA    : recombinant immunoblat assays  

RNA   : ribonueclic acid  

ROS   : reactive oxygen species 

Se    : selenium  

SHBG   : steroid hormone binding globulin 

SLP    : surrounding  liver parenchyma 

SOD    : superoxide dismutase  

SVR    : sustained virologic response. 

T:E2   : testosterone/estradiol ratio 

T3   : tri-iodothyronine 

T4   : tetra-iodothyronine  (thyroxin). 

TAA    : thioacetamide  

TC   : trace element 

../wiki/REM_dream


VII 

 

TMA    : transcription mediated amplification  

TNF-α   : tumor necrosis factor-α  

TT    : total testosterone. 

UAE    : United Arab Emirates 

UTRs    : untranslated regions  

VER-α   : variant estrogen receptor- alpha.              

WBCs   : white blood cells. 

WD    : Wilson disease  

zincT-1, -2, -3 and-4 : 4 zinc transporters (-1,-2,-3 and -

4).  

ZIP    : Zrt-, Irt-like Protein. 

Zn    : zinc  

ZMA   : zinc containing nutritional supplement.  

Δ–bil                           : delta bilirubin (biliprotein). 

 

 



 VIII 

List of Tables 
Tables                                Page 

5-1 Mean values ±SE of Age in control and patients groups. 68 

5-2 Mean values ±SE of heamatological parameters (RBCs, 

Hb%, PCV, MCV, MCHC and platelets) in control and 

patient groups. 

 

 

71 

5-3 Mean values ±SE of heamatological parameters (WBCs, 

S. neut., Uns. Neut., Lym., Mono., Eus., and Baso.) in 

control and patients groups. 

 

 

80 

5-4 Mean values ±SE of liver functions tests (T. protein, 

Alb., Globuline, A/G ratio, T. biliruben, D. biliruben 

levels; AST, ALT, and Alp activity and AST/ALT ratio) 

in control and patient groups. 

 

 

 

84 

5-5 Mean values ±SE of serum hormone levels (Testosterone 

and Estradiol-17B Levels and Testosterone/Estradiol 

ratio) in control and patients groups. 

 

 

91 

5-6 Mean values ±SE of elements (Zinc and copper 

concentration and Copper/Zinc ratio) in control and 

patient groups. 

 

 

94 

5-7 The relationship between Zinc(y) and each group (x1), 

Age(x2), Copper (x3), Cu/Zn ratio(x4), Testosterone (x5), 

Estradiol (x6) and Testosterone /Estradiol ratio (x7). 

 

 

102 

5-8 The relationship between Copper(y) and each group (x1), 

Age(x2), Zinc (x3), Cu/Zn ratio(x4), Testosterone (x5), 

Estradiol (x6) and Testosterone /Estradiol ratio (x7). 

 

 

103 

5-9 The relationship between Copper/Zinc ratio(y) and each 

group (x1), Age(x2), Copper (x3), Zinc (x4), Testosterone 

(x5), Estradiol (x6) and Testosterone /Estradiol ratio (x7). 

 

 

104 

5-10 The relationship between Testosterone (y) and each 

group (x1), Age(x2), Copper (x3), Zinc (x4), Copper/Zinc 

(x5), Estradiol (x6) and Testosterone /Estradiol ratio (x7). 

 

 

105 



 IX 

5-11 The relationship between Estradiol (y) and each group 

(x1), Age(x2), Copper (x3), Zinc (x4), Copper/Zinc ratio 

(x5), Testosterone(x6) and Testosterone /Estradiol ratio 

(x7). 

 

 

106 

5-12 The relationship between Testosterone /Estradiol (y) and 

each group (x1), Age(x2), Copper (x3), Zinc (x4), 

Copper/Zinc (x5), Testosterone (x6) and Estradiol (x7). 

 

 

107 

5-13 The relationship between Zinc(y) and all of groups 

(healthy and patients) (x1), Age(x2), Copper (x3), 

Cu/Zn(x4), Testosterone (x5), Estradiol (x6) and T/E(x7). 

 

 

 

108 

5-14 The relationship between Copper(y) and all of groups 

(healthy and patients) (x1), Age(x2), Zinc (x3), Cu/Zn(x4), 

Testosterone (x5), Estradiol (x6) and T/E(x7). 

 

 

109 

5-15 The relationship between Cu/Zn ratio(y) and all of 

groups (healthy and patients) (x1), Age(x2), Copper(x3), 

Zn(x4), Testosterone (x5), Estradiol (x6) and T/E 

ratio(x7). 

 

 

110 

5-16 The relationship between Testosterone (y) and all of 

groups (healthy and patients) (x1), Age(x2), Copper(x3), 

Zinc(x4), Cu/Zn(x5), Estradiol (x6) and T/E ratio(x7). 

 

 

111 

5-17 The relationship between Estradiol (y) and all of groups 

(healthy and patients) (x1), Age(x2), Copper(x3), 

Zinc(x4), Cu/Zn(x5), Testosterone (x6) and T/E ratio(x7). 

 

 

112 

5-18 The relationship between T/E(y) and all of groups 

(healthy and patients) (x1), Age(x2), Copper (x3), 

Zinc(x4), Cu/Zn(x5), Testosterone (x6) and Estradiol(x7). 

 

 

113 

5-19 The relationship between Zinc(y) and all of groups (x1), 

Age(x2), Copper (x3), Cu/Zn ratio(x4), Testosterone (x5), 

Estradiol (x6) and T/E ratio (x7). 

 

 

114 

5-20 The relationship between Copper(y) and all of groups 

(x1), Age(x2), Zinc (x3), Cu/Zn ratio(x4), Testosterone 

(x5), Estradiol (x6) and T/E ratio (x7). 

 

 

115 



 X 

5-21 The relationship between Cu/Zn ratio(y) and all of 

groups (x1), Age(x2), Copper (x3), Zinc (x4), Testosterone 

(x5), Estradiol (x6) and T/E ratio (x7). 

 

 

116 

5-22 The relationship between Testosterone (y) and all of 

groups (x1), Age(x2), Copper (x3), Zinc (x4), Cu/Zn (x5), 

Estradiol (x6) and Testosterone /Estradiol (x7). 

 

 

117 

5-23 The relationship between Estradiol (y) and all of groups 

(x1), Age(x2), Copper (x3), Zinc (x4), Cu/Zn (x5),  

Testosterone (x6) and Testosterone/Estradiol (x7). 

 

 

118 

5-24 The relationship between Testosterone /Estradiol(y) and 

all of groups (x1), Age(x2), Copper (x3), Zinc (x4), Cu/Zn 

ratio(x5), Testosterone (x6), and Estradiol ratio (x7). 

 

 

119 

 

 



 XI 

List of Figures 
Figs          Page 

Fig. (2-1) Effect of zinc on lymphoid and myeloid cells. 34 

Fig. (2-2) Zinc as an antioxidant and anti-inflammatory agent. 37 

Fig. (5-1) 

 
Illustrates mean ±SE of age of control and patient groups. 69 

 

Fig.(5-2-1) 

 

Illustrates mean ±SE of red blood cell counts (RBCs) in 

control and patient groups. 72 

 

Fig.(5-2-2) 

 

Illustrates mean ±SE of heamoglobin concentration (Hb) 

in control and patient groups. 73 

 

Fig.(5-2-3) 

 

Illustrates mean ±SE of package corpuscular volume 

(PCV) in control and patient groups. 74 

 

Fig.(5-2-4) 

 

Illustrates mean ±SE of mean cell volume (MCV) in 

control and patient groups. 75 

 

Fig.(5-2-5) 

 

Illustrates mean ±SE of mean cell heamoglobin (MCH) in 

control and patient groups. 76 

 

Fig.(5-2-6) 

 

Illustrates mean ±SE of mean cell heamoglobin 

concentration (MCHC) in control and patient groups. 77 

 

Fig.(5-2-7) 

 

Illustrates mean ±SE of platelet counts in control and 

patient groups. 78 

 

Fig.(5-3-1) 

 

Illustrate mean ±SE of white blood cell counts (WBCs) in 

control and patients group. 81 

 

Fig.(5-3-2) 

 

Illustrate mean ±SE of white blood cell differentiations in 

control and patients group. 82 



 XII 

 

Fig.(5-4-1) 

 

Shows mean ±SE of serum total protein, Albumin and 

Globulin concentrations in patient and control groups. 85 

 

Fig.(5-4-2) 

 

Shows mean ±SE of albumin /globulin (A/G) ratio in 

patient and control groups. 86 

 

Fig. (5-4-3) 

 

Shows mean ±SE of total bilirubin and direct bilirubin in 

patient and control groups. 87 

 

Fig. (5-5-1) 

 

Shows mean ±SE of serum AST, ALT and ALP activity of 

patient and control groups. 88 

 

Fig. (5-5-2) 

Shows mean ±SE of serum AST/ALT ratio in patient and 

control groups. 89 

Fig. (5-6) 

Shows mean ±SE of serum testosterone, estradiol levels 

and testosterone estradiol ratio of patient and control 

groups. 

 

92 

Fig. (5-7) 
Shows mean ±SE of serum Zn , Cu levels and Cu/Zn ratio 

of patient and control groups. 

 

95 

 

 



Introduction  

 - 1 - 

1. INTRODUCTION 

Liver is considered, the most important organ in the body. It is 

consurrining in functions of metabolism, synthesis, detoxification, 

bioactivation, storage, excreation and immunology (Diehl, 1993). 

Liver disease is often clinically silent until late in its course. For 

this reason, laboratory tests are usually needed for recognition and 

characterization of the type of liver injury present. The most 

common cause of liver injury world- wide is infection with 

viruses, often termed hepatitis viruses. The hepatitis C virus 

(HCV) is among the Hepacivirus genus of the Flaviviridae family. 

Recently, there are six major genotypes and >90 subtypes of 

genotypes C virus (GCV) that vary in their world- wide 

distribution. In addition, HCV discrete 
((
quasispecies

)) 
that vary 

from one individual to the next (Bukh et al., 1995). An estimated 

180 million people are infected worldwide (Williams 2006). The 

highest prevalence rate of HCV is among Egyptians (14%-18%; 

approximately 10-fold greater than in the United States and 

Europe) (Mohamed et al., 2005). In Africa and the Western 

Pacific the prevalence is significantly higher than in North 

America and Europe (Anonymous, 2004). 

About 75% of patients with acute hepatitis C do not eliminate 

HCV-RNA and progress to chronic infection. Hepatitis C is 

considered to be chronic after six months of infection. Once 

chronic infection is established, there is a very low rate of 

spontaneous clearance. Most patients with chronic infection are 
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asymptomatic or have only mild nonspecific symptoms as long as 

cirrhosis is not present (Lauer and Walker, 2001). The most 

frequent complaint is fatigue. Less common manifestations are 

nausea, weakness, myalgia, arthralgia, and weight loss (Merican 

et al., 1993). The risk of developing cirrhosis within 20 years is 

estimated to be around 10 to 20%, with some studies showing 

estimates of up to 50% (Sangiovanni et al., 2006 and de 

Ledinghen et al., 2007). About 30% of patients will not develop 

cirrhosis for at least 50 years (Poynard et al., 1997). It is not 

completely understood why there are such differences in disease 

progression. An influence of host and viral factors has to be 

assumed and this needs further studies. 

Gonadal function is significantly affected in many chronic 

systemic diseases. Hepatic cirrhosis is associated with 

hypogonadism and signs of feminization. Testicular atrophy, low 

testosterone levels, decreased libido, infertility, reduced 

secondary sex characters and gynecomastia are found in men with 

cirrhosis. Fifty percent of patients with cirrhosis present reduced 

spermatogenesis and peritubular fibrosis (Karagiannis and 

Harsoulis, 2005). Sexual dysfunction (SD) is highly prevalent 

among men with chronic liver disease, and negatively impacts of 

health-related quality of life (HRQOL) in those patients (Danoff 

et al., 2006). 

Testosterone is converted to a more potent metabolite–

dihydrotestosterone, degraded in the liver and conjugated for 

excretion as 17-oxysteroids (Eagon et al., 1994). Also, estrogens 
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are metabolized in the liver and conjugated for excretion in urine 

or bile. In cholestasis, the biliary excretion of estrogens, and 

especially polar conjugates, is greatly reduced (Johnson, 1984). 

The incidence of hepatic abnormalities in patients taking 

androgen hormones is very high. Liver adenomas, cholestasis, 

peliosis, nodular regenerative hyperplasia and, particularly, 

hepatocellular carcinoma may complicate long-term use of C17-

substituted testosterone and anabolic steroids (Dourakis and 

Tolls, 1998). 

The peripheral metabolism of steroids is altered in many forms 

of hypogonadism, including cirrhosis, chronic renal failure, 

thyrotoxicosis, old age, Klinefelter syndrome and testicular 

atrophy after mumps orchitis. In healthy men, the major quantity 

of estrogens comes from the biological conversion of testosterone 

to estradiol and of androstendione to estrone by the enzyme 

aromatase, which is found in fat, muscles, kidneys and liver. In 

clinical practice, the features of feminization, such as 

gynecomastia, are not directly related to the plasma estrogen 

levels (Braunstein, 1993). 

The relationships between chronic liver diseases and trace 

element (TE) contents are debated. Particularly, no defined data 

are available about the TE levels in viral liver disease patients 

with or without malnutrition. Essential micronutrients are 

involved in many metabolic pathways in the liver, such as 

enzymatic functions and protein synthesis, oxidative damage and 

anti-oxidant defense, immunological competence, interferon 
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therapy response regulations, and alterations of the virus genomes 

(Ozcelik et al., 2003). On the other hand, patients with chronic 

liver disease exhibit metabolic imbalances of trace elements such 

as high levels of iron and copper (Cu) and low levels of zinc (Zn), 

selenium, phosphorus, calcium and magnesium (Loguercio and 

Federico, 2003). The levels of some trace elements, such as 

selenium, iron, copper, and zinc, and copper/zinc (Cu/Zn) ratios, 

might serve as biomarkers for the increased severity of viral 

hepatic damage (Lin et al., 2006). 

     Despite efforts to replace liver biopsy with biochemical tests 

and other non-invasive tests, the liver biopsy currently remains 

the gold standard for grading and staging of chronic hepatitis C. 

However, there is a recent trend to avoid biopsy in patients with 

HCV genotype 2 or 3 infection; because response to therapy is 

high in these patients, antiviral therapy may be initiated regardless 

of the severity of liver damage (Wright and Manns, 2006). Liver 

biopsy has limitations because it is an expensive and invasive 

procedur with complications that range from pain (0.06%-22%) to 

death (0.0088%-0.3%)  (Olthoff and Reddy, 2008). Liver biopsy 

is also limited by both inter-observer and sampling variability. 

Although inter-observer variability has been improved by 

standardized scoring systems for fibrosis and inflammation, 

discordance rates for the stage of fibrosis of approximately 33% 

have been reported (Regev et al., 2002 and Bedossa et al., 2003). 

The frequency of sampling errors is not surprising given the fact 

that a standard percutaneous liver biopsy specimen has been 
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calculated to sample only 1/50 000 part of the liver (Bravo et al., 

2001). Considering the expense and limitations of liver biopsy, 

there is great interest in the use of non-invasive markers of liver 

fibrosis that can replace liver biopsy both as a guide to therapy 

and as a prognostic indicator. Current studies have shown that 

non-invasive markers can predict the absence of significant 

disease or the presence of advanced disease at the time of liver 

biopsy, but it is not clear that they can predict step-wise 

progression of fibrosis (Pinzani et al., 2008). It is also not clear if 

they have prognostic value regarding long-term clinical outcomes. 

If they can be proven to be useful longitudinally, this would be of 

great benefit to clinicians and their patients. Also, Svirtlih et al., 

(2007) results indicate that the age over 40 at the time of liver 

biopsy as the important risk factor for advanced liver disease in 

chronic hepatitis C according to fibrosis scores. Ellis and Mann, 

(2012) provided an up-to-date review of the currently available 

clinical data and also considers technical caveats that highlight the 

need for caution in establishing a new dogma that human liver 

fibrosis is reversible. 
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2. REVIEW OF LITERATURE 

2.1. The liver 

The liver is the largest gland in the body weighting three to five 

pounds in adults and is located in the right upper quadrant of the 

abdomen serving many functions vital to sustaining lives which are 

beside digestion regulation, synthesis, secretion, storage, purification, 

transformation and clearance. Yet the liver is probably the organ most 

assaulted by toxins, pollution, stress, junk foods, drugs, etc… (Diehl,  

1993).  

2.1.1. Liver fibrosis: 

Fibrosis is the result of defective repair of liver damage resulting 

from inflammation caused by effect or cells of the immune system, 

fibrosis, is characterized by nodule formation and altered hepatic 

function, leading to cirrhosis which complete to liver failure or liver 

cancer and hence death. Following a fibrogenic stimulus cell undergoes 

a complex activation process that includes excess synthesis and 

deposition of extracellular matrix (ECM) constituents with increased 

cell proliferation which effectively amplifies the fibrogenic response 

(Tsukada et al., 2006). 

2.2. Hepatitis C virus (HCV): 

      Viruses are the smallest infections agents consisting of a single 

nucleic acid viruses ribonucleic acid or deoxyribonucleic acid (RNA or 

DNA) encased in a protein shell, which may covered with a lipid-

containing membrane. More than 300 viruses are known to be 

pathogenic in humans and animals. The life cycle of a virus starts with 
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its entry into a host; it reaches the susceptible target cell, enters it, 

replicates and causes cell injury, and may be cell death (Knipe, 1990). 

Viral hepatitis is the most world wide hepatitis infected disease. There 

are six types of viral hepatitis A, B, C, D, E and F (Bukh et al., 1993). 

HCV is a small, enveloped RNA virus belonging to the Flaviviridae 

family, genus Hepacivirus, that causes acute and chronic liver disease 

in humans is classified into eleven major genotypes (designated 1-11), 

many subtypes (designated a, b, c, etc.), and about 100 different strains 

(numbered 1,2,3, etc.) based on the genomic sequence 

heterogeneity(Simmonds, 1999). 

2.2.1. History of HCV : 

The establishment of HCV was sited by Choo et al., (1989) after the 

identification of this virus as non A non B hepatitis (NANBH) by 

Feinston et al., (1973); Feinston et al., (1975) and Jwartz , 1989). The 

epidemiology mode of transmission and methods of treatment were all 

defined before the identification of the responsible viral agent. At 1990, 

introduction of HCV antiviral test for blood donors has been certained. 

2.2.2. Prevalence of HCV: 

    It has been estimated that the global prevalence of HCV infection is 

around 3% with 170-300 million persons chronically infected with 

virus and 3 to 4 million persons newly infected each year (Shepard et 

al., 2005). Type 1.2 and 3 are the most common types in North 

America and Western Europe, Australia and far East. Genotype 1b is 

the most prevalence in the U.S. Type 1b infection plays an important 

role in the development of hepatocellular carcinoma (HCC) among 

http://www.who.int/csr/disease/hepatitis/whocdscsrlyo2003/en/index7.html#g
http://www.who.int/csr/disease/hepatitis/whocdscsrlyo2003/en/index7.html#g
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75% of infected Japanese people (Tanaka et al., 1996). The most 

prevalent HCV genotype in the Western Province of Saudi Arabia was 

genotype 4 (Osoba et al., 2000). Mahfoud et al., (2010) prevailed in 

Lebanon genotype 3 seems to be the predominant among intravenous 

drug users. Egypt is the highest prevalence of HCV in the world, with 

estimates ranging from 6 to 28% and a reported average of 13.8% (El 

Gaafary et al., 2005). Recent investigations in Egypt have also shown 

the increasing importance of HCV infection in the etiology of HCC, 

now estimated to account for 40–50% of cases (El-Zayadi et al., 2005). 

Egypt, HCV has been estimated to be between 10-13%, and genotype 4 

represents over 90% of cases. Genotype being most common in Middle 

East, 3 and 4 seen in UAE (United Arab Emirates), with genotype 1 

was common in Iranian and 3 in Pakistanis (Abro et al., 2010). 

2.2.3. Types of HCV transmission: 

  1) Parental transmission: 

The most infected causes due to blood or blood transfusion, wound 

tattoos, needle-stick accidents, hemodialysis and intravenous drug users 

(Esteban et al., 1992 and Van der Poel et al., 1994). 

2) Non-parental transmission: 

     a. parental transmission: Through infected mothers  3-5% of 

newborns was infected(Lai et al., 1993). 

     b. Sexual transmission: Partners usually infect each others (Thomas 

et al., 1995) and sometimes not (Bresters et al., 1993).  
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2.2.4. Clinical manifestation of HCV infection: 

1) Acute hepatitis C virus:  

The symptoms of the disease appears within 1-2 months and it may 

proceed to be chronic leading to cirrhosis and then to hepatocellular 

carcinoma or hepatocellular failure (Robson and Kirsch, 1991). 

Antibodies to HCV antigens C33 and C22 appears earlier than C100 or 

5-1-1antibodies (Vallari et al., 1992), and the antibodies of the virus 

lost when the patient recovered completely (Mattson et al., 1992). A 

sudden elevation of alanine aminotransferase (ALT) activity with a 

fluctuation and sometimes jaundice is the common symptoms of the 

acute cases (Realdi et al., 1982 and Esteban et al., 1991). 

2) Chronic hepatitis C virus: 

   Fifty % of acute cases tend to become chronic one and about 10%-

20% of these develop to liver cirrhosis (Patel et al., 1991 and Jules and 

Kurt, 1994). 

2.2.5. Diagnosis of HCV: 

 Anti-HCV antibodies can be detected in 80% of patients within 15 

weeks after exposure, in 90% within 5 months after exposure, and in 

>97% by 6 months after exposure. The test is termed as antibody 

screening test, there are three generation of this recombinant 

immunoblat assays (RIBA). The most precise and widely used is the 

third generation in which there are synthetic peptides from the core and 

NS4 regions snd recombinant antigens from the NS3 and NS5 regions 

(Courouce et al., 1994).  
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Anti-HCV antibodies indicate exposure to the virus, but can not 

determine if ongoing infections present.  This is done by using 

molecular nucleic acid testing methods such as polymerase chain 

reaction (PCR), transcription mediated amplification (TMA), or 

branched DNA (b-DNA). PCR can be used to detect HCV-RNA in 

serum and liver biopsy (Numara et al., 1993). 

2.3. Haematological parameters in hepatic insufficiency:  

Blood count is consisting of red blood cells count, white blood cells 

count, haemoglobin concentration, haematocriti value, platelets count, 

and white blood cells differential. 

Red cells count measures the body's ability to carry oxygen to cells 

through blood. Also haemoglobin concentration does. White cells count 

provides information on the body's ability to fight diseases.  

Neutropenia is frequent during treatment of hepatitis C with 

interferone and ribavirin, but it is not commonly associated with 

infections (Soza et al., 2002). Falcon et al., (2005) data suggested that 

under certain conditions, HCV induces apoptosis in the absence of liver 

injury. Induction of apoptosis in HCV- infected cell may interfere with 

viral replication which may lead to undetectable levels of HCV-RNA in 

serum. Obesity, advanced age anti-HCV seropositivity were 

independently associated with neutropenia (Farag et al., 2004). 

Previously undiagnosed HCV seropositivity has little effect on the 

complete blood count and body iron stores but appears to perturb the 

response to and inflammatory stimulus (Ufearo et al., 2010). While 

previously Soza et al., (2002) declared that neutropenia is frequent 
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during treatment of hepatitis C with interferone and ribavirin, but it is 

not commonly associated with infections. Mohamed and Kassab, 

(2007) concluded a role of lymphocyte activation in the establishment 

of HCV healthy carrier state, the importance of the immune system (T-

lymphocytes) in the pathogenesis of chronic HCV infection was 

investigated by Grungreiff et al., (1999). Valli et al., (2006) shown that 

the B-lymphocytes are the only immunological cells invaded by HCV, 

while Mohamed and Kassab, (2007) suggested a possible invasion of 

neutrophil progenitor by the virus.  

2.4. Liver function in hepatic insufficiency: 

Aspartate aminotransferase (AST, also sometimes termed SGOT) 

is found in heart, liver, skeletal muscle and kidney. AST catalyse 

transamination reaction. AST exist in two different isoenzyme forms 

which are genetically distinct, the mitochondrial and cytoplasmic form, 

while alanine aminotransferase (ALT, also sometime termed SGPT) is 

found in kidney, heart, muscle and greater concentration in liver 

compared with other tissues of the body. ALT is purely cytoplasmic 

catalysing the transamination reaction (Mauro et al., 2006). Liver 

disease is the most cause of increased ALT activity and a common 

cause of increased AST activity. About 80% of AST activity of the liver 

is contributed by the mitochondrial isoenzyme, whereas most of the 

circulating AST activity in normal people is derived from the cytosolic 

isoenzyme (Thapa and Walia, 2007). The increase in ALT associated 

with hepatitis C infection tends to be more than that associated with 

hepatitis A or B (Marcillin , 1999). Persistence of elevated ALT for 

more than six months after an occurrence of acute hepatitis is used in 
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the diagnosis of chronic hepatitis. Elevation in ALT levels is greater in 

persons with nonalcoholic steatohepatitis than in those with 

uncomplicated hepatic steatosis (Sheth et al., 1997). Everhart and 

Ruhl, (2005) showed that coffee and caffeine consumption reduces the 

risk of elevated serum ALT activity in excessive alcohol consumption, 

viral hepatitis, iron overload, overweight, and impaired glucose 

metabolism. Prati et al., (2006) declared that treatment decisions should 

not be based on alanine aminotransferase (ALT) level alone but rather 

on global evaluation of patients. Wang et al., (2006) demonstrated that 

determination of ALT and bilirubin does not reflect the degree of 

hepatic injury. Patients with normal baseline ALT respond equally well 

to combination therapy as is seen in patients with raised ALT (Sarwar 

et al., 2006). The ratio of AST to ALT has more clinical utility than 

assessing individual elevated levels. The ratio increases in progressive 

liver functional impairment and found 81.3% sensitivity and 55.3% 

specificity in identifying cirrhotic patients (Giannini et al., 2003). An 

elevated ratio greater than 1 shows advanced liver fibrosis and chronic 

hepatitis C infection (Giannini et al., 1999). Bini, (2003) results 

indicated that AST/ALT ratio of >1.00 was significantly associated with 

an increased relative odd of gall-blader disease (GBD) in the unadjusted 

analysis. Measurements of ALT, AST and/or ALP were used to evaluate 

the responds of patients to the HCV treatments with or without zinc 

administration by many authors for example Gangadharan et al., 

(2007), Himoto et al., (2007). Elevated ALT and gamaglutamyl 

transferase (GGT) could be suggested as a potential marker for 

metabolic syndrome (Jukyan et al., 2008). Several studies have shown 
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that the ratio of AST to ALT is typically <1 in patients with chronic 

hepatitis (except that due to alcohol), but with progression to cirrhosis 

that ratio often increases to >1. This appears to be due to a reduction of 

ALT production in damaged liver (Diehl et al., 1984). 

Alkaline phosphatase (Alp) or (AP) is a non-specific phospho-

monoesterase with high catalytic turnover number (Kcat). ALP is 

present in mucosal epithelia of small intestine, proximal convoluted 

tubule of kidney, bone, liver and placenta. It performs lipid 

transportation in the intestine and calcification in bone. The serum ALP 

activity is mainly from the liver with 50% contributed by bone (Mauro 

et al., 2006). EL-Missiry et al., (2007) determined the significant 

elevation of ALP and AST activities in sera of liver injured rats. Mildly 

elevated levels of ALP may be seen in cirrhosis, hepatitis and 

congestive cardiac failure (Rosalki and Mcintyre, 1999). 

Bilirubin is the final breakdown of heme and the majority of which 

comes from hemoglobin. Bilirubin is the catabolic product of 

haemoglobin produced within the reticuloendothelial system, released in 

unconjugated form which enters into the liver, converted to conjugated 

forms bilirubin mono and diglucuronides by the enzyme UDP-

glucuronyltransferase (Mauro et al., 2006). Bernstein, (2002) 

demonstrated that bilirubin level in serum is not sensitive indicator for 

liver functions and it may not accurately reflect the degree of liver 

damage. Hyperbilirubinemia in acute viral hepatitis is directly 

proportional to the degree of histological injury of hepatocytes and the 

longer course of the disease (Thapa and Walia, 2007). Tayyab et al., 

(2003) demonstrated that bilirubin binding properties of serum albumin 
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from different mammalian species varies with albumin species. 

Conjugated bilirubin is excreted into bile and is essentially absent from 

blood in normal individuals. Delta bilirubin ( &-bil, also sometimes 

termed biliprotein) is produced by reaction of conjugated bilirubin with 

albumin (McDonagh et al., 1984). Increasing conjugated bilirubin are 

highly specific for disease of the liver or bile ducts (Berk and Noyer, 

1994).The direct bilirubin assay measures the  majority of &-bilirubin, 

and conjugated bilirubin and a variable but small percentage of 

unconjugated bilirubin (Doumas and Wu , 1987).  

Albumin is the most abundant plasma protein produced by 

hepatocytes. The main causes for decreased albumin protein loss 

(nephritic syndrome, burns, protein, losing enteropathy), increased 

albumin turnover (catabolic states, glacocorticoids), decreases protein 

intake and liver disease. Plasma albumin is seldum decreased in acute 

hepatitis, due to its long half-life (19-21 day), but in chronic hepatitis 

albumin gradually falls with progress to cirrhosis (Dufour, 1998). 

Assays for albumin in patients with liver disease should use bromcresol 

green. Albumin is commonly measured in patient suspected of 

progressing to cirrhosis (Doumas and Peters, 1997). Protein synthesis 

depression and metabolism in patients with chronic liver diseases is a 

sequence of impaired hepatic function (Burtis and Ashwood, 1994). 

Akhtar et al., (2008) demonstrated that the AST/ALT ratio >1 and A/G 

ratio <1 seem to be of clinical significance to diagnose cirrhosis in 

patients with hepatitis C virus infection. 
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2.5. Sex Hormones 

Sex steroids, also known as gonadal steroids, are steroid hormones 

that interact with vertebrate androgen or estrogen receptors. The term 

sex hormone is nearly always synonymous with sex steroid (Guerriero, 

2009).  

2.5.1. Sex hormones types:  

    In many contexts, the two main classes of sex steroids are androgens 

and estrogens, of which the most important human derivatives are 

testosterone and estradiol, respectively. Progesterone is the most 

important and only naturally-occurring human progestagen (Thakur 

and Paramanik, 2009).  

Sex steroids include: 

 Androgens:Anabolicsteroids,androstenedione, 

dehydroepiandrosteroe, dihydrotestosterone, testosterone. 

 Estrogens: estradiol,  estriol,  estrone  

 Progestagens: progesterone, progestins striker. 

2.5.2. Liver and Hormones 

2.5.2.1. Role of Liver in Hormone Production:  

The liver synthesizes and secretes at least four important hormones 

insulin-like growth factor-(igf-1), angiotensinogen, thrombopoietin and 

hepcidin (Bayraktar et al., 1995). 

http://en.wikipedia.org/wiki/Steroid_hormone
http://en.wikipedia.org/wiki/Vertebrate
http://en.wikipedia.org/wiki/Androgen
http://en.wikipedia.org/wiki/Estrogen
http://en.wikipedia.org/wiki/Receptor_(biochemistry)
http://en.wikipedia.org/wiki/Testosterone
http://en.wikipedia.org/wiki/Estradiol
http://en.wikipedia.org/wiki/Progesterone
http://en.wikipedia.org/wiki/Androgen
http://en.wikipedia.org/wiki/Anabolic_steroid
http://en.wikipedia.org/wiki/Androstenedione
http://en.wikipedia.org/wiki/Dehydroepiandrosterone
http://en.wikipedia.org/wiki/Dihydrotestosterone
http://en.wikipedia.org/wiki/Testosterone
http://en.wikipedia.org/wiki/Estrogen
http://en.wikipedia.org/wiki/Estradiol
http://en.wikipedia.org/wiki/Estriol
http://en.wikipedia.org/wiki/Estrone
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2.5.2.2. Role of Liver in Hormone Metabolism: 

      The liver plays a central role in the metabolic processing of 

hormones through its oxidation, reduction, and conjugation leading to 

their excretion in bile or urine. (Bayraktar et al., 1995). 

2.5.2.2.1. Liver and Steroid Hormones Metabolism: 

Steroid hormones are conjugated in the liver as a glucuronide or 

sulphate and so excreted in bile or urine (Sherlock and Dooley, 2002). 

Testosterone is degraded in the liver and conjugated for excretion 

as 17-oxysteroids (Eagon et al., 1994). 

Estrogens are metabolized and conjugated for excretion in urine or 

bile. In cholestasis, the biliary excretion of estrogens, and especially 

polar conjugates, is greatly reduced (Johnson, 1984).  

Cortisol is degraded to tetrahydrocortisone and subsequently 

conjugated with glucuronic acid. Prednisone is converted to 

prednisolone (Khan et al., 1989).  

Any failure of hormone metabolism results in a rise in blood 

hormone levels causing negative feedback mechanisms between 

plasma hormone levels and hormone secretion preventing any but 

temporary  rises  in circulating  levels (Sherlock and Dooley, 2002). 

2.5.2.3. Effect of steroid Hormones on Liver: 

Testosterone: Hepatocellular carcinoma may complicate long-term 

use of C17-substituted testosterone and anabolic steroids (Dourakis 

and Tolls, 1998).  
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Estrogens: The long term use of oral contraceptive pills increases 

the risk of gallstones among estrogen users (Dourakis and Tolls, 

1998). 

2.5.3.  Testosterone 

In men, testosterone plays a key role in health and well-being as 

well as preventing osteoporosis (Gayton and Hall, 2006). 

2.5.3.1. Physiological effects: 

Testosterone effects can be classified as virilizing and anabolic, as 

many of the effects can be considered both (Swaab and Falgueras, 

2009).  

 Anabolic effects: include growth of muscle mass and strength, 

increased bone density and strength, and stimulation of linear 

growth and bone maturation. 

 Androgenic effects: include maturation of the sex organs.  

 Testosterone effects can also be classified by the age of usual 

occurrence: 

In adult: 

      Testosterone effects include, besides the male characteristics , 

libido and clitoral engorgement/penile erection frequency, maintenance 

of muscle trophism and normal sperm development. It activates genes 

in Sertoli cells, which  promote differentiation of spermatogonia 

(Morgentaler and Traish, 2009). 

2.5.3.2. Testosterone Biosynthesis:  

Like other steroid hormones, testosterone is derived from 

cholesterol. The largest amounts of testosterone are produced by the 
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testes in men. It is also synthesized in far smaller quantities in women 

(Watermann and Keeney, 1992). 

2.5.3.3. Factors Affecting Testosterone Levels: 

 Aging reduces testosterone release (Liu et al., 2006). 

 Hypogonadism. 

 Zinc deficiency lowers testosterone levels (Prasad et al., 1996). 

But over supplementation has no effect on serum testosterone 

(Koehler et al., 2009). 

 Sleep rapid-eye movement (REM) dream increases nocturnal 

testosterone levels (Anderson and Tufik, 2008). 

 Protein ingestion increases testosterone levels (Hulmi et al., 

2008). 

  Power motivation predicts an increased testosterone release in 

men (Schulthesiss et al., 1999). 

2.5.3.4. Testosterone Metabolism: 

Testosterone is reduced to 5α-dihydrotestosterone (DHT) by the 

cytochrome P450 enzyme 5-alpha reductase  or converted into estradiol 

by aromatase enzyme (Meinhardt and Mullis, 2002). 

2.5.3.5. Testosterone mechanism of action:         

  Its mechanism of actions occurs by activation of the androgen 

receptor and by conversion to estradiol and activation of certain 

estrogen receptor. It binds to steroid hormone binding globulin (SHBG) 

and albumin (Mc Phoul and Young, 2001). 
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2.5.3.6. Gonadal Dysfunction in Chronic Liver Diseases: 

(In chronic Hepatitis disease):  

Plasma levels of total and free testosterone were generally low in 

HCV-positive patients, but they were significantly lower in patients 

with erectile dysfunction and low levels of albumin (Ferri et al., 2002). 

Diab et al., (2002) declared that males with chronic hepatitis C virus 

were found to have lower levels of testosterone, free testosterone and 

higher levels of 17B-estradiol and follicle stimulating hormone (FSH) 

than controls. De Maria et al., (2002) have studied the hypothesis that 

androgens have been investigated as potential factors able to induce or 

at least promote hepatic carcinogensis. This hypothesis has been also 

supported by the ability of androgens of inducing liver neoplasms in 

experimental models. Orazia et al., (2002) studied the lack of response 

to androgens and they suggested that is due to rapid metabolic 

conversion of steroids by neoplastic tissues and cells.  Sexual 

impairment is common among men with chronic hepatitis C undergoing 

therapy with peginterferon and ribavirin and should be considered as a 

potential side effect of antiviral therapy (Dove et al., 2009). More 

severe liver disease was associated with lower free testosterone and 

higher SHBG. It was found that interferon therapy reduced total 

testosterone but not to hypogonadal levels, with no decline in free 

testosterone. This suggests that liver disease in hepatitis C infection 

modulates androgen status indirectly via increased SHBG. Screening 

for androgen deficiency in the context of hepatitis C infection should 

selectively target men with more severe liver disease or documented 

higher grade fibrosis (Nguyen et al., 2006). Plockinger et al., (2007) 
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results showed that the adrenocorticotropic hormone (ACTH)/ cortisol 

oxic, basal and stimulated gonadotropin and testosterone concentrations 

were normal throughout the research (before and after antiviral 

therapy). Neither HCV-RNA level transaminasis correlated with 

hormone concentrations before or during the therapy. The effect of 

long-term treatment with recombinant interferon Q-2d was found that 

serum testosterone values decreased reaching the lowest levels at 6th 

month (Barreca et al., 1993).      

    Administration of testosterone hormone to HCV-patient suffering 

from liver failure and liver transplantation increases muscle strength, 

stimulate albumin synthesis, and improve survival in HCV patients with 

allograft failure post-liver transplant (Neff et al., 2004). The lowering in 

testosterone levels in erectile dysfunction patients suggesting that a 

possible negative influence of virus on spermatogenesis, with further 

mild impairment during antiviral treatment (Durazzo et al., 2006). 

Hepatic cirrhosis may be associated with hypogonadism and signs of 

feminization. Testicular atrophy, low testosterone levels, decreased 

libido, infertility, reduced secondary sex hair and gynecomastia are 

found in men with cirrhosis. Fifty percent of patients with cirrhosis may 

have reduced spermatogenesis and peritubular fibrosis (Karagiannis 

and Harsoulis, 2005).      

     The normal function of the hypothalamic–pituitary–gonadal axis is 

affected in liver diseases. The pulsatile secretion of LH and the 

response to gonadotropin releasing hormone (GnRH) and clomiphene 

are reduced. As has already been mentioned, in late stages of cirrhosis 

the patients present features of feminization, suggesting altered levels 
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of sex hormones. The clinical signs of hypogonadism are more 

pronounced in alcoholic patients due to the direct effect of ethanol 

upon the testes (Karagiannis and Harsoulis, 2005). 

In cirrhotic patients, the estrogen/androgen ratio is usually 

increased. The levels of testosterone and dihydroepian-drosterone are 

reduced, while the estradiol levels are normal or slightly elevated. 

These alterations are dependent on the severity of the liver disease and 

are more pronounced in patients with higher Child–Pugh score 

(Bannister and Lowosky , 1987). 

Several other factors may contribute to these hormonal changes in 

cirrhosis, including hepatic overproduction of SHBG, changed SHBG 

isoforms with different steroid-binding affinities, elevated prolactin 

levels, direct suppression of Leydig cell function by estrogens, 

increased estrogen receptors in the liver and cyclic variation in the 

severity of the liver illness producing the hormonal changes of 

gynecomastia (Karagiannis and Harsoulis, 2005). It must be kept in 

mind that the gynecomastia and impotence of cirrhotics are augmented 

by the chronic use of spironolactone, a receptor antagonist of 

aldosterone and testosterone, which reduces the testosterone levels and 

slightly increases the levels of estradiol (Karagiannis and Harsoulis, 

2005). In clinical practice, the features of feminization, such as 

gynecomastia, are not directly related to the plasma estrogen levels 

(Braunstein, 1993). The primary event after portocaval shuntings 

increases estrogen-suppressing LH secretion which leads to decreased 

testosterone levels and hypogonadism (Samojlik et al., 1992). 
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This correlates with the data suggested by Kaymakoglu et al., (1995) 

which indicated that liver cirrhosis per se, independent of etiology, 

causes hypogonadism and feminization and that the degree of 

hypogonadism and feminization correlates well with the severity of 

liver failure. Also, Oliveira et al., (1999) concluded that there is a 

parallelism between hepatic and gonadal dysfunction and 

hypogonadism secondary to cirrhosis of liver. In people with liver 

cirrhosis, 41% of patients had evidence of hypogonadism, but low 

testosterone was equally common in patients with low and normal bone 

mineral density (BMD) (George et al., 2009).  

The results obtained by Tanaka et al., (2000) indicated that elevated 

serum testosterone, together with decreased serum estrogens, may 

promote the development of hepatocellular carcinoma (HCC) in 

cirrhosis patients. Mean serum testosterone levels were significantly 

low among HCC patients as well as among patients with metastatic 

liver cancer Free (MLC) compare to control, and changes in sex steroid 

levels among patients with liver damage are due to the liver damage per 

sex and not to specific disease processes (Hannah et al., 2001).  

The testosterone/estradiol (T:E2) ratio was found to be the best 

prediction of HCC among hormonal measurements (Tanaka et al., 

2000). The ratio of estrogen to androgen and the wide range of 

responsiveness of male breast tissue to estrogen are considered more 

important factors, as shown by the great variability in the extent of 

gynecomastia in men given estrogens for metastatic prostatic cancer 

(Karagiannis and Harsoulis, 2005). 
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2.5.4. Estrogens 

Estrogens are a group of steroid compounds, named for their 

importance in the estrous cycle, and functioning as the primary female 

sex hormones. Estrogens have been shown to activate a G protein-

coupled receptor, GPR30 (Prossnitz et al., 2007). 

2.5.4.1. Types of Esterogens:  

The three major naturally occurring estrogens in women are: 

Estrone (E1) is produced during menopause and it is weaker than 

estradiol (Fang et al., 2001), Estradiol (E2) is the predominate form in 

non-pregnant females, and Estriol (E3) is the primary estrogen of 

pregnancy. (Fang et al., 2001). 

From menarche to menopause the primary estrogen is 17β-estradiol. 

In postmenopausal women more estrone is present than estradiol. 

2.5.4.2. Biosynthesis of estrogens: 

Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) 

stimulate the production of estrogen in the ovaries. Some estrogens are 

also produced in smaller amounts by other tissues such as the liver, 

adrenal glands, and the breasts. These secondary sources of estrogens 

are especially important in postmenopausal women (Olson et al., 2007 

and Kulendran et al., 2009). 

In females, synthesis of estrogens starts in theca interna cells in the 

ovary by the synthesis of androstenedione from cholesterol. This 

compound crosses the basal membrane into the surrounding granulosa 

cells, where it is converted to estrone or estradiol, either immediately or 

through testosterone. The conversion of testosterone to estradiol, and of 
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androstenedione to estrone, is catalyzed by the enzyme aromatase 

(Simpson and Davis, 2001). 

 2.5.4.3. Functions of estrogens: 

In males, estrogen regulates certain functions of the reproductive 

system important to the maturation of sperm (Hess et al., 1997).  

It promotes formation of female secondary sex characteristics, 

decelerates height growth, accelerates metabolism (burn fat), reduces 

muscle mass, stimulates endometrial growth, increases uterine growth, 

increases vaginal lubrication, thickens the vaginal wall, maintains 

vessels and skin, reduces bone resorption and increase bone formation 

(Hess et al., 1997). 

2.5.4.4. Estradiol in Liver Diseases: 

Abnormally high plasma levels of estradiol (E2) and changes in free 

testosterone (biologically active) ratio have been associated with 

pubertal or post-pubertal gynecomastia (male breast enlargement), 

particularly in older individuals and in patient with chronic liver 

disease or hyperthyroidism (Robert et al., 2000). This ratio noted in 

aging, cirrhosis, and hyperthyroidism. Tanaka et al., (2000) concluded 

that it is conceivable that estrogens may exert both promoting and 

inhibitory effects on human hepatocarcinogensis depending on dose, 

type endogenous or exogenous origin, sex, and presence or absence of 

hepatitis virus infection. Their finding indicate that elevated levels of 

T:E2 ratio and testosterone are predicative of HCC risk among male 

cirrhotic patients and T:E2 ratio was found to be the best prediction of 

HCC among hormonal measurements. The study of Shimizu et al., 
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(2001) showed that estradiol receptor (ER2) levels in the cirrhotic 

livers from premenopasal females were significantly higher than in 

male cirrhotic liver. Function in the liver may be associated with 

decreased hepatic ER level. Shimizu (2003) showed that E2 suppressed 

hepatic fibrosis. Also, Orazia et al., (2002) concluded that elevated 

ratio of T to E2 have been reported to predict an increase of HCC for 

male cirrhotic patients. Shimizu et al. (2001) results showed that 

administration of estradiol resulted in a reduction in serum ALT and 

ferritin levels and hepatic iron concentration suggesting that 

endogenous estradiol may play a beneficial role in male patient with 

chronic hepatitis. Villa et al., (2002) declared this estrogen receptors 

(ER2) are present in liver cells and in hepatocellular carcinoma, variant 

estrogen receptor (VER) largely predominates and sometimes becomes 

the only form expressed. Also, Wang et al., (2006) concluded that 

expression of the ER-variant -alpha (VER-a) is not related to male 

HCC prevalence in Korean patients and it plays an important role in 

HCC-induced liver disease.  

Durazzo et al., (2006) results showed elevation of estradiol levels 

and initial reduction after treatment. The mean serum estrdiol level 

were significantly higher among HCC patients as well as among 

patients with metastatic liver cancer (MLC) compared to controls 

(Hannah et al., 2001). Ying Yuan et al., (2008) concluded that E2 may 

play a favorable role in the course of persistent liver injury by 

preventing the accumulation of monocytes – macrophages and by 

inhibition proinflamandory cytokine production. Before this time 

Farinati et al., (2002) studied the relation between expression ER2-
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estrogens-as a producing of free oxygen radicals through redox cycling 

type of receptor, oxidative DNA damage and C-myc in chronic liver 

hepatitis. They observed that patients with chronic hepatitis and 

cirrhosis, when positive for variant estrogen receptor (vER), present 

higher C-myc m-RNA expression, a factor reproted associated with 

increased genomic instability, augmented cytoproliferation and 

carcinogenesis. 

2.6. Trace Elements: 

Minerals that are important for body functions are divided into two 

groups' macro-elements and trace elements. The trace elements 

comprise of metals in biological fluids at concentrations less than 1 

µg/g wet weight. They combine with vitamins, form enzymes and are 

necessary for almost every physiological process. Most of the trace 

metals are essential nutrients for humans and animals and include 

selenium, zinc, copper, cobalt, manganese molybdenum, chromium, 

nickel, and iron. The functions of trace elements are determined by 

their charges, mobilities and binding constants to biological ligands. 

Some of them are used as charge carriers to conduct electric impulses 

along nerves, while others form moderately stable complexes with 

enzyme, nucleic acids and other ligands. They act as triggers/activators 

controlling biological functions. Another group of trace elements form 

strong complexes and become the integral part of proteins and 

enzymes. Several biological systems depend upon dietary 

micronutrients (e.g. copper, zinc and manganese superoxide dismutase) 

(Evans and Halliwell, 2001).  
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2.6.1. Zinc: 

The Zinc (also called spelter) is a metallic element, symbol Zn, 

atomic number 30 and it is a transition metal in group 12 of the 

periodic table (Gordon et al., 2006). Zinc is considered one of the most 

important trace elements that play a part in many physiological 

functions. It is an essential nutrient, is the second most abundant trace 

element in the body and powerfully influences cell division and 

differentiation. The adult human body contains 2 grams of zinc 

(Hambridge et al., 1986). In microorganisms, plants and animals, over 

300 enzymes require zinc for their functions. Zinc has three main roles: 

catalytic, coactive (or co- catalytic) and structural (Atsushi, 2001). 

2.6.1.1. Zinc homeostasis: 

2.6.1.1.1. Zinc absorption, transport, tissue distribution and 

excretion: 

The gastrointestinal tract is the major site for regulation of zinc 

homeostasis (King et al., 2000). Zinc uptake depends on a non-

saturable transport process not affected by dietary zinc intake and a 

saturable one stimulated by zinc depletion and dependant on a carrier-

mediated mechanism (Hambridge and Krebs, 2001). 

It is generally assumed that an intraluminal transition occurs to 

allow zinc to be transported across enterocyte as free ions. Although 

albumin is the principal zinc carrier in plasma, some plasma proteins 

and free amino acids may influence zinc delivery to cells. There are 4 

zinc transporters among those that have been cloned which are zinc T-

1, -2, -3 and -4, the divalent cation transporter-1 (DCT-1) and an iron 
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transporter that also exhibits zinc transport capabilities (Paulsen and 

Saier, 1997). 

Unlike iron, there is no store for zinc and very little is known about 

its homeostasis (Berg and Shi, 1996). The mechanisms of zinc uptake 

are both passive and active (Palmiter et al., 1996).  

Within the cell, zinc is mainly bound to metalloproteins which 

include metalloenzymes, gene regulatory molecules and storage or 

carrier molecules (Vallee and Falchuk, 1993). The zinc-binding site is 

a conserved histidine–glutamine–x–glycine–histidine sequence (x, is a 

hydrophobic residue) (Haim and Kennth, 2003).  

The mechanism of zinc uptake by cells supports the presence of two 

major pathways, (1) a saturable receptor-mediated co transport of zinc-

albumin by transcytotic vesicles and (2) a non-saturable co-transport 

with ligands (mainly albumin and histidine) through intercellular 

junctions (Tibadiuza and Bobilya, 1996). 

ZIP (Zrt-, Irt-like Protein) proteins are a group of proteins involved 

in the uptake of zinc, while the zinc transporters (ZincT), consisting of 

7 proteins, are involved in the intracellular trafficking of zinc. The 

intracellular distribution of zinc is achieved via binding to 

metalloproteins such as Metallothioneins (MTs) (Maret, 2003). 

MTs are small cysteine-rich proteins that bind metal ions, which is 

important for the metabolism of zinc in the liver. The roles of MTs in 

cells include free metal ion chelation, regulation of the levels and 

intracellular transport of metals, detoxification of toxic metals like 

cadmium (Cd), Copper (Cu) and mercury (Hg), and protection of cells 
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against oxidative stress  (Theocharis et al., 2004 and Henkel & Krebs, 

2004). 

Zinc may also enter in complexes with cysteine or histidine via a 

sodium/amino acid co-transport mechanism (Gachot et al., 1991). 

However, many ligands, especially phytate and fibers bind zinc and 

render it unavailable for absorption.  

The zinc concentration in plasma is about 15 μmol/l of which 84% 

is bound to albumin, 15% is tightly bound to a (α2 –macroglobulin) and 

1% to amino acids. Serum zinc is a small percentage (only 0.1%) of the 

whole-body-mass zinc content (Vallee and Falchuk, 1993).  

 Tissues such as muscles, bones, prostate gland, liver, and the 

kidney make up the greater part of the whole-body-mass zinc content, 

exchanging zinc with the serum zinc pool (King et al., 2001).                                                                          

Zinc excretion requires binding to endogenous ligands, such as 

metallothioneins (Lönnerdal, 1989). Endogenous fecal zinc excretion 

is directly related to the total amount of zinc absorbed. During 

lactation, when the demand for zinc is high this relationship is likely to 

change (Fung et al., 1997). 

Zinc pools were characterized as fast, slow, or very slow 

exchangeable (King et al., 2000). In contrast to gastrointestinal route, 

renal losses tend to be low and remain constant over a wide range of 

intakes and occur mostly by tubular secretion (Johnson et al., 1993 

and Kirchgessner & Weigand, 1983).  
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2.6.1.1.2. Hormonal regulation of zinc:  

Renal zinc excretion is hormonally regulated; inhibited by insulin 

while increased by glucagon specifically (Cousins et al., 1989). 

Plasma zinc concentration is closely associated with dietary intake, 

but it is also sensitive to hormonal control (glucocorticoids, epinephrine 

and glucagon) and to stress conditions (Vaillancourt and Allen, 1991).  

2.6.1.1.3. Effect of zinc homeostasis on other trace elements: 

Zinc homeostasis affects that of other trace elements such as copper 

(Cu), selenium (Se), and iron (Fe). The zinc and copper levels are 

inversely related. Increased zinc levels usually result in decreased 

copper levels and vice versa. This due to the fact that; zinc inhibits 

copper absorption and competes with it for its binding sites as well as 

the contribution of zinc to the copper detoxification (Hatano et al., 

2000).  

2.6.1.2. Cellular zinc mechanisms of action and biological 

functions:  

Over 3% of all identified human genes contain zinc finger domains 

thus; zinc plays a broad role in gene expression (Maret, 2001). Zinc 

finger motif is the most common recurring motif in transcription 

proteins (Klug and Rhodes, 1998). Zinc motifs initiate the transcription 

process and gene expression.  

Zinc contributes to the activity of about 300 metal enzymes and 

metal-activated enzymes (Krebs, 2000). It participates critically in cell 

and cell membrane integrity, wound healing, cell division, growth and 
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development and biological functions. (Prasad, 1998 (a); Favier & 

Hininger-Favier, 2005 and Maret, 2005). 

Zinc can influence cell growth ( growth co factor ) either directly as 

a structural element of proteins by participating in DNA synthesis and 

cell division or indirectly by regulating the function of growth hormone 

and growth factors (McDonald, 2000). 

2.6.1.3. Important biological properties of zinc: 

2.6.1.3.1. Antioxidant properties: 

Zinc exerts its effects in an indirect manner by stabilizing the cell 

membrane structure and maintaining the metallothionein (which are 

free radical scavenger) tissue concentrations (Bray and Bettger, 1990). 

Antioxidants are both acute and chronic. The acute effects involve 

two mechanisms; first is stabilization of sulfhydryls which, in absence 

of zinc, decrease the activity of certain enzymes that prevent certain 

oxidative reactions through the antagonism of redox-active transition 

metals like copper (Cu) and iron (Fe) (Powell, 2000 and Prasad et al., 

2004), second, is reduction in the formation of OH from H2O2 and 

superoxide through the antagonism of redox-active transition metals 

such as iron and copper (Klug & Rhodes, 1998, Powell, 2000 and 

Prasad et al., 2004). The long-term antioxidant actions (chronic) of 

zinc include the induction of metallothioneins (MTs) synthesis and the 

stabilization of copper/zinc-super oxide dismutase (cu/zn-SOD) 

(Andrews, 2001).  MTs are potent scavengers of toxic metals and 

antioxidant molecules and today are believed to be the intermediary 

between zinc and the redox state of the cell (Theocharis et al., 2004). 
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Other zinc antioxidant effects include protection against vitamin E 

depletion, stabilization of the membranes' structure, induction of cell 

proliferation, protection against apoptosis, and inhibition of the 

NADPH oxidases. These are plasma membrane-associated enzymes 

that catalyze the production of super oxide from oxygen by using 

NADPH as the electron donor (Oteiza and Mackenzie, 2005).  

2.6.1.3.2. Zinc and the regulation of apoptosis: 

Apoptosis is a major mechanism of cell death in the body in 

response to toxic agents and its dysregulation is central to pathogenic 

mechanisms in many diseases such as neurodegenerative disorders, 

acquired immune deficiency syndrome, autoimmune disease and 

cancers (Baum et a.l, 1995 and Thornberry and Lazebnik, 1998). Zinc 

plays an important regulatory role in apoptosis (Truong–Tran et al., 

2001 and Pal et al., 2004). Indirectly its cytoprotective functions 

suppress major pathways involved in apoptosis and also directly the 

decline in intracellular zinc triggers the apoptotic regulators. Increasing 

the intracellular zinc content inhibits colchicine-induced apoptosis 

(Fraker et al., 1995).  

2.6.1.3.3. Zinc and immune status: 

The changes in trace element levels are part of immune defense 

system of organism induced by the mediators, such as interleukin-1 

(IL-1), tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), which 

are immunocytokines liberated in dose-dependent manner, mostly by 

activated macrophages in response to several stimuli, including 

exercise, trauma, stress, or infection (McClain et al., 1997). 
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Zinc is an important immunoregulator with anti-inflammatory 

activity (Zalewski et al., 2005). Zinc influences and interacts 

specifically with components of the immune system (Wellinghausen 

and Rink, 1998). Impairment of immune function has been attributed 

to zinc deficiency and may be the most common cause of secondary 

immunodeficiency states in humans (Jong et al., 1995). The increase in 

reactive oxygen species (ROS) is apparently due to a G-protein coupled 

system activated by zinc (Takeyama et al., 1995). It has been suggested 

that zinc salts may protect plasma membranes against lysis by cytotoxic 

agents such as microbial toxins and complements. The proposed 

protective mechanism is either via immuno modulation or the binding 

of zinc ions to the rhinovirus surface, thereby inhibiting viral 

interactions with intercellular adhesion molecule-1 (ICAM-1), the site 

of rhinovirus binding to the cells (Novick et al., 1996). Zinc 

supplementation of cells in vitro increased the Bcl-2/Bax ratio thereby 

increasing the resistance of the cells to apoptosis (Fukamachi et al., 

1998). However  overdose  of  zinc  evoke  negative  effects  on  

immune  cells and cause  alternations  similar  to  those  observed  with  

zinc  deficiency  (Ibs and Rink, 2003).  

Mechanism of zinc effects on immune cells: 

Figs. 2-1 and 2-2 summarize the effects of zinc on cell mediated 

immunity, and define its role as an antioxidant and anti-inflammatory 

agent (Beck et al., 1997). Fig.2-1 shows the landscape of zinc action on 

immune cells.  
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Fig.(2-1): Effect of zinc on lymphoid and myeloid cells. Thymulin, a 

thymic hormone, requires zinc for its activity. In zinc deficiency, Th1 

cytokines decrease, but Th2 cytokines are not affected. Thus, Th1 

shifts to Th2 function. Zinc decreases the gene expression and 

generation of TNF-a, IL-1b and IL-8 cytokines. Solid lines represent 

pathways enhanced by zinc; dotted lines represent pathways inhibited 

by zinc. 

Zinc is an essential component of thymulin, a thymic hormone 

involved in maturation and differentiation of T-cells. The gene 

expressions of IL-2 and IFN-c, (Th1 cytokines) are zinc dependent. IL-

2 is involved in the activation of nature killer (NK) and T cytolytic 

cells. IL-12 is generated by stimulated macrophages-monocytes and is 

zinc dependent and IFN-c and IL-12 together play a major role in the 
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killing of parasites, viruses, and bacteria by macrophages-monocytes. 

Th2 cytokines are not affected by zinc deficiency except for IL-10 

production which is increased in the zinc deficient elderly subjects. 

This was corrected by zinc supplementation. Increase dIL-10 affects 

adversely Th1 and macrophage functions. Zinc is an intracellular 

signaling molecule in monocytes, dendritic cells and macrophages 

(Hasse and Rink, 2007 and Hirano et al., 2008). 

2.6.1.3.4. Zinc and inflammation: 

The anti inflammatory activity of zinc was reported to be due to IL-

1β induced nitric oxide formation and to the reduced activity of smooth 

muscle cell nitric oxide (NO) synthase and to lipopolysaccharide 

inhibition by endogenous zinc (Abou–Mohamed et al., 1998). Zinc 

deficiency is observed in alcoholic liver disease (ALD). ALD-related 

zinc deficiency is mediated by the pro-inflammatory cytokines, IL-1, 

TNFα and IL-8 as well as oxidative stress changes (McClain et al., 

1997). Subnormal levels of zinc were also found in the plasma of 

patients with inflammatory bowel diseases (colitis and Crohn’s disease) 

and also in rheumatoid arthritis, in these conditions, pro-inflammatory 

cytokines such as IL-1β and TNF-α promote the loss of zinc while IL-6 

may negatively regulate this loss through increased metallothionein 

synthesis (Thompson et al., 1997). 

Leukocyte functions can also be affected by prostaglandin E2 

(PGE2) production which is stimulated by zinc ions (Haim and 

Kenneth, 2003). However, on the other hand, zinc enhances T-cell 
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proliferation which overcomes the inhibiting effects of PGE2 on 

lymphocyte proliferation (Santos-Neto et al., 1992). 

Any state manifesting systemic zinc deficiency will promote or 

potentiate the development of gastric mucosal damage by increased 

mast cell histamine release and acid–pepsin secretion (Cho et al., 

1987). Figure 2-2 summarizes the concept regarding the role of zinc as 

an antioxidant and anti-inflammatory agent. 
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Fig.(2-2): Zinc as an antioxidant and anti-inflammatory agent. Zinc decrease 

ROS (reactive oxygen species) by several mechanisms. Zinc is an inhibitor 

of NADPH oxidase, a requirement for superoxide dismutase (SOD), and it 

induces MT (metallothionein) which is very effective in 

decreasing˙OH.ROS activates NF-kB which, in turn, activates growth 

factors and anti-apoptotic molecules. One mechanism by which zinc 

reduces inflammatory cytokine production involves the zinc-induced up-

regulation of a zinc-finger protein, A20, which inhibits NF-kB activation 

via TRAF pathway. Zinc, thus not only functions as an antioxidant but is 

also an anti-inflammatory agent. Arrows represent directional flow for 

events presented in this cartoon.Solid arrows represent events leading to 

selected events and dotted lines represent inhibition of selected events. 
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2.6.1.4. Zinc deficiency:  

Zinc deficiency which leads to altered metabolism of androgens, 

oestrogens and progesterone may be due to zinc finger proteins acting 

at the level of membrane or nuclear receptors (Vallee and Falchuk, 

1993). Zinc deficiency could participate in liver diseases pathogenesis 

(Stamoulis et al., 2007).  Zinc deficiency may be due to either 

nutritional factors (e.g. low zinc intake, high phytate content of cereal 

proteins), various disease states (e.g. malabsorption, Crohn’s disease, 

alcoholism, liver cirrhosis, chronic renal disease, sickle cell disease, 

and other chronically debilitating diseases) or it may be related to 

diarrhea due to the known losses of zinc in diarrheal fluids (Shankar 

and prasad, 1998).  

http://www.springerlink.com/content/?Author=Ioannis+Stamoulis


Review of Literature 

 

 - 39 - 

2.6.1.4.1. Manifestations of zinc deficiency: 

Zinc deficiency affects almost all body systems. Generally there is 

growth failure, impaired parturition (dystocia), hypotension, 

hypothermia as well as reproductive system affection. Zinc deficiency 

states are associated with gastrointestinal disorders e.g. anorexia and 

diarrhea. Skin manifestations include dermatitis, hair loss and 

acrodermatitis enteropathica. Patients of this disorder died in late 

infancy (Prasad, 1998- b). Severe zinc depletion results also in 

neurological disorders such as taste disorder and neuropathy (Prasad, 

1998 (b)), induces oxidative stress (Powell, 2000), loss of acute-phase 

response protection against hepatitis, and lipid oxidation (Parsons & 

DiSilvestro, 1994 and DiSilvestro, 2000). Zinc deficiency affects cell 

function, proliferation, and survival leading to disease.  

Zinc deficiency has been shown to cause musculoskeletal disorders, 

reduce osteoblastic activity, collagen and proteoglycan synthesis as 

well as alkaline phosphatase activity (Calhoun et al., 1974).  This is 

evidenced by the stimulation of bone resorptive activity following oral 

administration of high doses of zinc salts (Yamaguchi et al., 1982). 

Zinc deficiency causes bleeding tendency due to failure of platelet 

aggregation, increased osmotic fragility of erythrocytes and impaired 

uptake of Ca and also alters the lipid composition and membrane 

skeletal protein composition (Avery and Bettger, 1992). Zinc 

deficiency greatly affects enzyme activities associated with the plasma 

membrane. The catalytic activities of Ca-ATPase and 5'-nucleotidase in 

erythrocyte membranes were decreased by zinc deficiency (Johanning 

et al., 1990). Severe zinc deficiency can cause substantial impairment 
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of cellular immunity, which can result in either infection or even death. 

The effects of mild to moderate zinc deficiency on immunity are 

considerably less severe and may be subtle (Bogden, 2004).  

The immunologic consequences of zinc deficiency in humans and 

higher animals are thymic atrophy, lymphopenia, and compromised 

cell- and antibody-mediated responses that cause increased rates of 

infectious diseases of longer duration (Fraker and King, 2004). Zinc 

deficiency has been related to acute respiratory infections, malaria, 

tuberculosis and leishmaniasis. Recent studies demonstrated that zinc 

supplementation significantly reduced the morbidity and mortality of 

apparently well-nourished children and shortened the time to recovery 

from acute infectious diseases (Cuevas and Koyanagi, 2005). 

It has been postulated that zinc represents the link between the 

redox state of the cell and caspase-activated induction of apoptosis 

(Truong-Tran et al., 2003).  

2.6.1.4.2. Zinc and Liver interactions in acute and chronic diseases: 

Zinc is necessary for normal liver function and, vice versa. 

Consequently, liver diseases affect zinc levels. The liver represents a 

fast-exchangeable zinc pool and other trace elements (Krebs and 

Hambidge, 2001). Glucocorticoids, bacterial endotoxins, and cytokines 

decrease plasma zinc levels, while zinc is redistributed in the liver. 

Zinc is involved in cytoprotection of hepatocytes against oxidative 

stress (Bray and Bettger, 1990) but the exact underlying 

pathophysiology of zinc and liver interactions has not been completely 

identified. 
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The liver is important for the regulation of zinc metabolism, while 

zinc is necessary for proper liver function, as evidenced by the presence 

of low zinc level in both acute and chronic liver diseases     ( Stamoulis 

et al., 2007). Reduced hepatic zinc levels have been correlated with 

impaired liver function and regeneration (Grungreiff, 2002). 

Zinc also plays an important role in the activation of signaling 

pathways involved in immune functions, for example, zinc deficiency 

activates the nuclear factor (NF) Κb involved in the synthesis of 

cytokines (Prasad et al., 2001). Subsequently, by altering cytokines 

production and transcription factors function, Zinc deficiency may 

enhance liver fibrosis (Prasad et al., 2004). 

Acute viral hepatitis has been associated with reduced serum zinc 

levels (Kalkan et al., 2002). Significantly decreased serum zinc levels 

were observed in patients with acute viral hepatitis compared with 

healthy controls (Fota-Markowska et al., 2002). While serum Se levels 

were found to be significantly decreased, serum Cu levels were 

significantly increased in patients with acute viral hepatitis compared 

with healthy individuals (Kalkan et al., 2002).   

No difference in serum zinc levels among viral hepatitis groups 

classified according to the causative viral agent (HAV or HBV) and 

clinical manifestation (acute or chronic) was reported (Kalkan et al., 

2002). In addition, patients in the early icteric phase of acute HBV 

infection had significantly decreased serum zinc levels but elevated 

serum Cu levels compared with healthy controls and serum zinc levels 

http://www.springerlink.com/content/?Author=Ioannis+Stamoulis
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were correlated with serum albumin levels (Pramoolsinsap et al., 

1996). 

Viral infections produce severe oxidative stress and secondary 

cellular damage of different severity. Low plasma zinc and Se 

concentrations contribute to oxidative stress and, thus, their 

replenishment by high doses has been considered mandatory 

(Stehbens, 2004). It has also been thought that zinc could directly 

affect HCV replication, thus supporting structural and functional 

stability of certain HCV proteins like the non-structional 5A protien 

(NS5A) and the non-structional 3 protien (NS3). The NS5A protein of 

HCV is believed to be an integral part of the viral replicase. NS5A is a 

zinc-metalloprotein and zinc coordination is likely required for NS5A 

function in the hepatitis C replicase (Tellinghuisen et al., 2004). The 

NS3 is another HCV zinc-binding protein with proteinase activity. The 

zinc-binding site contributes to structural stability and guides the 

folding of the NS3 serine proteinase domain (De Francesco et al., 

1998). 

Serum and hepatic zinc levels were found to be reduced in HBV- 

and HCV-infected patients. The reduced zinc levels were inversely 

correlated with the degree of liver injury (Gur et al., 1998). 

On the other hand, Hatano et al. (2000) reported that hepatic zinc 

levels were not significantly different between patients with chronic 

HCV infection and healthy controls and chronic HCV-infected patients 

with different grades of fibrosis. It has also been reported that zinc 
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deficiency, by causing immune system dysfunction, could be involved 

in the pathogenesis of chronic HCV infection (Grungreiff, 2002). 

It was reported that hepatic zinc levels were unexpectedly increased 

in children with severe chronic cholestatic liver disease (Sriramachari 

et al., 1996). In primary biliary cirrhotic (PBC) patients, hepatic zinc 

levels were unaffected despite the known disturbances in Cu 

metabolism in this disorder (Farinati et al., 1995). In some studies the 

reduced zinc levels were inversely correlated with the degree of liver 

damage (Poo et al., 1995) or fibrosis (Barry et al., 1990). 

2.6.1.4.3. Zinc deficiency in cirrhosis and hepatoprotective effect of 

zinc:  

Zinc deficiency was greater in cirrhotic patients with advanced 

disease or porto-systemic shunt. Reduced zinc levels in white blood 

cells, monocytes, and neutrophils were also noted in cirrhotic patients 

(Goode et al., 1990). 

Two mechanisms were proposed for zinc malabsorption in liver 

cirrhosis, i.e., damage of the intestinal mucosa in the small bowel and 

insufficiency of pancreatic exocrine function accompanied by reduced 

synthesis of ligands such as picolinic acid in the liver (Ijuin, 1998). 

Increased urinary zinc loss was attributed mainly to increased use of 

diuretics in these patients (Yoshida et al., 2001). The reduced binding 

of zinc to albumin is another causative factor of the consequent 

increase in urinary zinc loss..In addition, albumin-bound serum zinc 

was decreased in cirrhotic patients when compared with healthy 

controls (Atukorala et al., 1986). 
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The reduction in serum zinc levels was found to be associated with 

the progression of chronic liver disease (CLD) (Katayama, 2004). The 

suggested mechanism is the great effect of zinc on collagen degradation 

through the collagenase enzyme which is a zinc metalloenzyme that is 

closely related to collagen degradation (Seltzer et al., 1997). Zinc also 

is the most effective metal inhibitor for prolyl hydroxylase, an enzyme 

that plays a central role in collagen synthesis (Anttinen et al., 1981). So 

zinc deficiency may result in hepatic fibrosis and increased collagen 

synthesis. Therefore, zinc supplementation has a favorable effect on the 

inhibition of hepatic fibrosis (Gimenez et al., 1994). Although the 

efficacy of zinc supplementation on hepatic inflammation remains 

unclear in HCV related CLD, chronic persistent HCV infection is 

thought to evoke metabolic abnormalities, such as hepatic steatosis 

(Lonard et al., 2004),  iron overload  (Olynyk et al., 1995) and insulin 

resistance (Petit et al., 2001). These metabolic abnormalities are 

closely related to oxidative stress (Larrea et al., 1998). 

Jiang et al., (1992) reported that zinc administration, compared 

with other antifibrotic substances used (prostaglandin E2 and 

colchicine), yielded minimal antifibrotic activity. Different results have 

been reported in other experimental studies implying that zinc 

possesses hepatoprotective properties (Cabre et al., 2001). 

2.6.1.4.4. Correlations between the clinical manifestations of zinc 

deficiency:  

The clinical implications of zinc deficiency include growth 

retardation, susceptibility to infections, diarrhea, infertility, 
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hypogonadism, mental and neurological problems, and delayed wound 

healing (Prasad, 2003).  

Zinc deficiency has also been associated with impaired protein, 

glucose, drug, thyroid hormone, and vitamin A metabolism in patients 

with cirrhosis (Sandstead, 2000). It has been suggested that some of 

the clinical features of liver cirrhosis, such as testicular atrophy, loss of 

body hair, night blindness, poor wound healing, poor appetite, 

decreased taste and smell acuity, susceptibility to infections, enhanced 

sensitivity to drugs, and decreased neurocognitive performances, may 

be related to conditioned zinc deficiency; in some cases zinc 

supplementation was beneficial to these patients (Grungreiff, 2002). 

Muscle cramps appeared significantly more commonly in patients 

with cirrhosis (Baskol et al., 2004) and zinc supplementation improved 

or completely resolved the cramps in the vast majority of patients with 

cirrhosis (Kugelmas, 2000). Cirrhotic patients usually develop skin 

lesions (e.g., erythema necroticans migrans and acrodermatitis 

enteropathica) related to zinc deficiency that healed after zinc treatment 

(Wang and Bushey, 2005). Poor zinc status may contribute to the 

impaired glucose tolerance and diabetes in cirrhosis (Grungreiff and 

Reinhold, 2005). Furthermore, zinc supplementation had a beneficial 

effect on glucose disposal.  It has been reported that zinc treatment 

significantly attenuated liver injury and hyperglycemia in mice with 

thioacetamide (TAA)-induced chronic liver injury (Song and Chen, 

2003). 
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Enhanced glucose tolerance in cirrhotic patients after zinc 

supplementation has been attributed to variations in the secretion of and 

sensitivity to insulin, the direct effect of zinc on glucose metabolism 

per se (Marchesini et al., 1998), and reduction of increased basal 

glucagon levels (Marchesini et al., 1996).  

In more advanced stage of cirrhosis, cytochrome P450 (CYP 450) 

levels were reduced (Dhawan and Goel, 1995). Zinc supplementation 

restored the CYP 450 levels in experimental models of acute and 

chronic liver injury (Cabre et al., 2001). The lack of zinc leads to a 

decrease in the activity of liver ornithine -transcarba-mylase, a zinc-

containing enzyme, which regulates the urea cycle (Katayama, 2004).  

Although zinc administration has not always proved beneficial in 

patients with hepatic encephalopathy, guidelines for the disease 

treatment in cirrhotic patients support zinc administration for patients 

presenting encephalopathy refractory to standard treatment (Quero et 

al., 2003).  

The proposed effects of zinc supplementation on ammonia 

metabolism include (1) increased ammonia uptake from leg skeletal 

muscle through the activation of glutamine synthetase (2) inhibited 

ammonia production from the AMP-diaminase in skeletal muscle 

(Yoshida et al., 2001), (3) increased urea formation from amino acids 

(Marchesini et al., 1996) and (4) increased activity of ornithine 

transcarbamylase, a key enzyme in the urea cycle in the liver 

(Capocaccia et al., 1991). 
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2.6.1.4.5. Zinc and hepatocellular carcinoma (HCC): 

Post HCV (44%) associated cirrhosis progress to HCC (Okuda et 

al., 1982 and Kaneko et al., 1994). 

Zinc level in HCC was reported distorted in HCC in cirrhotic 

patients (Ebara et al., 2003). Serum zinc levels were reduced compared 

with those in healthy controls and were found to be unaffected in 

cirrhotic patients without HCC compared with those in cirrhotic 

patients with HCC.  In HCC patients, the serum Cu/Zn ratio was 

significantly increased and could be used to distinguish cirrhotic from 

HCC patients. This ratio was also proposed as a biological marker for 

the diagnosis of HCC and as a prognostic factor because it was related 

to the extent of neoplastic transformation (Poo et al., 2003). 

Patients with cirrhosis and HCC had reduced metallothionin (MT) 

levels and thus the copper/zinc/metallothionin (Cu/Zn/MT) ratio was 

more appropriate for the differentiation of patients with cirrhosis and 

HCC from patients with other liver diseases (Nakayama et al., 2002). 

Hepatic copper levels were uniformly increased in HCC patients, 

while hepatic zinc levels were decreased (Liaw et al., 1997). It was 

suggested that zinc deficiency had a role in the pathogenesis of HCC by 

controlling the redox state of the cell, DNA and RNA synthesis and 

repair, and the activity of enzymes (Cai et al., 1998). 

Zinc deficiency enhances oxidative stress due to the reduction of 

MT and reduction in copper/zinc-superoxide dismutase ratio (Cu/Zn-

SOD) levels. 
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Finaly in HCV patients with HCC liver tissue samples, cu/zn-SOD 

levels were reduced compared with cirrhotic and normal tissue samples 

(Shimizu et al., 2001). It is concluded that zinc could protect against 

liver diseases, although up to now the underlying pathophysiology of 

zinc and liver interactions have not been defined (Stamoulis et al., 

2007).   

Prasad (2009) concluded that zinc deficiency as manifested by 

growth retardation, immune dysfunction and cognitive impairment, is 

widespread in the developing countries and may affect nearly 2 billion 

subject’s world wide. A correction of this deficiency will truly have a 

great impact on human health in the world. Zinc has been used 

therapeutically with great success for two fatal genetic disorders, 

acrodermatitis enteropathica and Wilson’s disease.  

Zinc which plays a key role in the reproductive system (Stallarad 

and Reeves, 1997) is the only metal that is found in almost all enzyme 

classes (Vallee and Falchuk, 1993). It stimulates the activity of 

approximately 100 enzymes (Food & Nutrition Board, 2001). 

Presence of high concentrations of zinc in testes and accessory glands 

shows that it has an important part in reproductivel system (Wong et al. 

2001). Zinc difficiency results in atrophy of seminiferous tubules and 

impairment of spermatogenesis in rats (Ozturk et al., 2003-b). Zinc is 

also linked to important functions for sperm physiology, and it is 

known to maintain sperm membrane integrity, increase sperm motility 

and regulate the spiral movements of sperm tail (Lewis-Jones et al. 

1996). Zinc is said to be involved in fat metabolism, insulin resistance 

and obesity (Tallman and Taylor, 2003) and regulation of appetite and 
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the obese individuals have low zinc and high leptin levels (Chen et al., 

2000-a). Zinc may be an important mediator of the effect of LH on 

leptin (Chen et al. 2000-b and Abdul-Karim et al., 2006). 

Free oxygen radicals may protect against virus attack and can 

produce tissue damage during this protection by triggering 

inflammation (Romero Alvira et al., 1995). Free radicals interact with 

neighbouring entities and can damage molecules, cells, tissues DNA 

and finally the entire organs. The body has evolved mechanisms for 

neutralizing free radicals, including enzymes like superoxide 

dismutase, catalase and glutathione peroxide (Speir, 2000). Virtually 

every known antioxidants including glutathione and its precursor 

cycteine, is depleted by viral infection (Speir et al., 2000). Patients 

with chronic hepatitis C have significant glutathione deficiency. The 

trace elements copper, manganese, selenium and zinc act as cofactors 

of antioxidant enzymes to protect the body from oxygen free radicals 

that are produced during oxidative stress (Rukgauer et al., 2001). 

Trace elements and some of their compounds show antiviral activity by 

combining with cellular proteins and inactivating those (van der Strate 

et al. 2001). Zinc supports a healthy immune system and is needed for 

wound healing, the sense of taste and smell and for DNA synthesis 

(Prasad et al. 1995, Prasad et al. 1997, Solomons, 1998, and Foods 

Nut. Broad. 2001).  

Adequate zinc status is essential for T-cell division, maturation and 

differentiation, lymphocyte response to mitogens, programmed cell 

death of lymphoid and myeloid origins, gene transcription and 

biomembrane function (Beck et al., 1997 and Food and Nutrients 
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Board, 2001). Kalkan et al. (2002) also reported that there is a 

decrease in zinc levels in sera of patients with viral hepatitis (A, B, C, 

D, E). The basal zinc levels in serum are significantly lower in chronic 

hepatitis C patients (Nagamine, 1997). Chaturvedi, et al. (2004) 

concluded that, randomly controlled clinical and community trials 

demonstrate that, zinc supplementation can enhance immunocomptence 

and decrease the incidence and severity of some infections in 

individuals with diagnosed or suspected mild zinc deficiency. In fact, 

low serum levels of zinc were found to correlate with low serum 

albumin concentrations in patients with viral hepatitis (Pramoolsinsap 

et al., 1996). 

Metabolism of hepatitis C virus (HCV) is strictly related to zinc 

status in the hepatocyte. In fact, NSSA, a viral protein which is 

considered fundamental for viral replication is a zinc-metalloprotein, 

which needs zinc coordination to function properly (Tellinghuisen, et 

al., 2004). The study of zinc carrier expression in the liver of subjects 

affected by acute or chronic hepatitis could lead to the introduction of 

zinc, as a powerful antioxidant, even in the therapy of liver disease 

(Faa et al., 2008). Loguercio et al., (1997) have studied the decrease of 

the levels of zinc and selenium in cirrhotic non-alcoholic patient with 

or without malnutrition and they found that malnutrition affect iron 

levels only. The levels of serum zinc and some cytokines before, during 

and at the end of therapy were determined by Grungreiff et al., (1999) 

and they found that the mean serum zinc concentration slightly 

decreased in all patients. Also, Cesur et al,. (2005) found the serum 

trace element concentrations did not show statistical alternations in 



Review of Literature 

 

 - 51 - 

patients with chronic hepatitis C compared to healthy subjects. Sayed et 

al., (2005) had found that bilharzial liver with positively anti-HCV 

antibodies had an insignificant decrease level of zinc than negative 

ones. While KO et al., (2005-a) concluded that the levels of zinc, 

selenium, copper, malondialdehyde (MDA), glutathione reductase 

(GR) and glutathione peroxidase (GPX) in blood have important 

impact on viral factors in chronic hepatitis C and the distribution of 

these parameters might be significant biomarkers for HCV. Moriyama 

et al., (2006) were concluded that the serum concentration of zinc 

influences the clinical profiles in patient with C-viral chronic disease. 

They were found a significant correlation between the zinc 

concentrations and the platelet counts and albumin concentrations. 

Somi et al., (2007) studied the serum zinc levels in different stages of 

cirrhotic patients and demonstrated a higher malnutrition status in 

patients with liver cirrhosis in their region. Due to the impairment of 

absorption, transportation, storage and excretion of trace elements in 

damaged liver cells, progression of the cirrhosis induces a decrease in 

the zn level of the serum and furthermore albumin synthesis. Their 

results suggest that changes in liver cell pathology and functional 

failure may alter the metabolism of trace metals, in particular, zinc. 

Rahaboto et al. (2010) were measured the level of zinc and copper in 

serum of 100 patients of chronic hepatitis C and compared them with 

those of healthy individuals and their results showed that serum zinc 

levels were significantly lower in chronic hepatitis C patients than 

healthy  control group.  
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Many authors have studied the effect of zinc supplementation or 

zinc administration with or without treatments. Tatsushige and Kenji  

(1999) concluded that level of zinc and ratio of zinc to copper (Zn/Cu) 

in the serum tended to be higher in markedly improved patients of 

HCV treated with interferon than in non-effective ones.  

Nagamine et al. (2000) suggested that polaprezinc is expected to 

increase the therapeutic response of interferon-a (IFN-a) for chronic 

hepatitis C with genotype 1b. Also Takagi et al. (2001) indicated that 

zinc supplementation enhances the response to interferon therapy in 

patients with intractable chronic hepatitis C.  Cermelli et al. (2002) 

concluded that zinc is an inhibitor of selenite,a selenium compound, 

toxicity, which also counteracts the antiviral effect of selenite. Patients 

with necrolytic acral erythema (NAE), a cutaneous marker for hepatitis 

C virus infection, its description was initiated in Egypt, had less toxic 

alternative therapeutic option with oral zinc administration (Abdallah 

et al., 2005). This result was certained by El-Ghandour et al. (2006). 

At the same year Yuasa et al. (2006) demonstrated that zinc may play 

an important role as a negative regulator of HCV replication in genome 

length HCV-RNA replicating cells. Suzuki et al. (2006-a) found that 

zinc supplementation for HCV infected patients with genotype 1b just 

lower the incidence of gastrointestinal side effects. Treatment 

combined with zinc did not enhance the effect of consensus interferon 

(CIFN) in HCV patients with genotype 2 (Suzuki, 2006-b). On the 

quaternary Himoto et al. (2007) suggested that polaprezinc exerts an 

anti-inflammatory effect on the liver in patients with HCV-related 

chronic liver disease (CLD) by reducing iron over load. Murakami et 
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al. (2007) indicated that polaprezinc supplementation may induce some 

antioxidative functions in the liver which resulted in reduced 

hepatocyte injury during pegylated interferon (PEG-IFN) alpha-2b plus 

ribavirin therapy. Abbasi et al. (2010) indicated that administration of 

zinc may be recommended in the treatment of hepatitis due to hepatitis 

B or C.  

The effect of zinc supplementation (22 mg/day as zinc gluconate) 

during 30 days, and discontinuation using placebo (maltodextrin) 

during the following 30 days, on plasma zinc and copper 

concentrations, serum thyroid hormones, insulin and glucose levels, 

and homeostasis model assessment of insulin resistance, version 2 

(HOMA2-IR). Compared to baseline, plasma zinc and Zn:Cu plasma 

ratio increased, but plasma copper decreased after zinc supplementation 

(day 30) and discontinuation (day 60) (p<0.05) (Marques et al., 2011). 

2.6.2. Copper: 

It occurs naturally in environment in its metallic form and in 

minerals. In the environment, copper exists predominantly in the 

copper (II) oxidation state or as the cupric ion (ATSDR, 2004). 

Copper is an essential nutrient for human and needed for a wide 

range of biological processes (cellular energy production, bone growth 

and strength, brain and nervous system). There are no significant 

difference between the copper levels in serum according to either sex 

or geography zone Terres-Martos et al. (1997). The main source of 

copper is through diet and is present in mineral-rich foods like 

vegetables, legumes, nuts, grains, fruits and chocolate. Copper is a 
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natural element found in the earth's crust, groundwater, and the surface 

water. 

Copper’s essentiality is due to its ability to act as an electron donor 

or acceptor as its oxidation state fluxes between Cu
+1

(cuprous) and 

Cu
+2

 (cupric) (Ralph and McArdle, 2001).  

2.6.2.1. Copper Homeostasis: 

     Many aspects of copper homeostasis are known at the molecular 

level (Bonnie et al, 2007 and Bonnie, 2010). As a component of about 

a dozen cuproenzymes, copper is involved in key redox(i.e., oxidation-

reduction) reactions in essential metabolic processes such as 

mitochondrial respiration, synthesis of melanin, and cross-linking of 

collagen (International Programme on Chemical Safety, 1998). 

Copper is an integral part of the antioxidant enzyme, copper-zinc 

superoxide dismutase (Cu,Zn-SOD), and has a role in iron homeostasis 

as a cofactor in ceruloplasmin (Ralph and McArdle, 2001).  

2.6.2.2. Absorption of copper: 

Absorption of copper ranges from 15–97%, depending on copper 

content, form of the copper, and composition of the diet (Turnlund, 

1998). Various factors influence copper absorption. For example, 

copper absorption is enhanced by ingestion of animal protein, citrate, 

and phosphate. Copper salts, including copper gluconate, copper 

acetate, or coppersulfate, are more easily absorbed than copper oxides 

(Turnlund et al., 1983 and World Health Organization., 1998). 

Elevated levels of dietary zinc, as well as cadmium, high intakes of 

phytlate and simple sugars (fructose, sucrose) inhibit dietary absorption 
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copper (Wapnir, 1998).Extreme intakes of vitamin C or iron can also 

affect copper absorption, reminding us of the fact that micronutrients 

need to be consumed as a balanced mixture. This is one reason why 

extreme intakes of any one single micronutrient are not advised 

(Werman and Bhathena, 1995). Individuals with chronic digestive 

problems may be unable to absorb sufficient amounts of copper, even 

though the foods they eat are copper-rich (Turnlund, 1998). 

2.6.2.3. Transportation of copper: 

The transport and metabolism of copper in living organisms is 

currently the subject of much active research. Copper transport at the 

cellular level involves the movement of extracellular copper across the 

cell membrane and into the cell by specialized transporters (Bonnie, 

2010). (Lutsenko and Kaplan., 1995 and Solioz and Vulpe, 1996). 

Other intestinal copper transporters may exist. Intestinal copper uptake 

may be catalyzed by copper transporter 1 (Ctr1). Ctr1 is expressed in 

all cell types so far investigated, including enterocytes, and it catalyzes 

the transport of Cu+1 across the cell membrane (Lee et al, 2002b). In 

the bloodstream, copper is carried throughout the body by albumin, 

ceruloplasmin, and other proteins. The majority of blood copper (or 

serum copper) is bound to ceruloplasmin. The proportion of 

ceruloplasmin-bound copper can range from 70-95% and differs 

between individuals, depending, for example, on hormonal cycle, 

season, and copper status. Intracellular copper is routed to sites of 

synthesis of copper-requiring enzymes and to organelles by specialized 

proteins called metallochaperones (Camakaris et al., 1999, Harris, 

2000 and Harris, 2001). Another set of these transporters carries 
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copper into subcellular compartments (Harris, 2001 and Bertinato and 

L’Abbe, 2004). Certain mechanisms exist to release copper from the 

cell. Specialized transporters return excess unstored copper to the liver 

for additional storage and/or biliary excretion (Camakaris et al., 1999 

and Harris, 2000). These mechanisms ensure that free unbound toxic 

ionic copper is unlikely to exist in the majority of the population (i.e., 

those without genetic copper metabolism defects). Copper is imported 

into cells through the cell wall by the plasma membrane transport 

protein known as copper transporter 1, or Ctr1. Ctr1 rapidly binds to 

intracellular copper chaperone proteins. Atox1 delivers copper to the 

secretory pathway and docks with either copper-transporting ATPase 

(ATP7B) in the liver or ATP7A in other cells. ATP7B directs copper to 

plasma ceruloplasmin or to biliary excretion in concert with a newly 

discovered chaperone, Murr1, the protein missing in canine copper 

toxicosis. ATP7A directs copper within the trans-Golgi network to the 

proteins dopamine beta-monooxygenase, peptidylglycine alpha-

amidating monooxygenase, lysyl oxidase, and tyrosinase, depending on 

the cell type. CCS is the copper chaperone for the Cu/Zn-superoxide 

dismutase that protects cells against reactive oxygen species; it delivers 

copper in the cytoplasm and intermitochondrial space. Cox17 delivers 

copper to mitochondria to cytochrome c oxidase via the chaperones 

Cox11, Sco1, and Sco2. Other copper chaperones may exist and might 

include metallothionein and amyloid precursor protein (APP). Genetic 

and nutritional studies have illustrated the essential nature of these 

copper-binding proteins. Several or all of these copper-binding 
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molecules may participate in serum copper transport. Copper from 

portal circulation is primarily taken up by the liver  (Lewis, 2009).                 

2.6.2.4. Distribution of copper: 

Copper released from intestinal cells moves to the serosal (i.e., thin 

membrane lining) capillaries where it binds to albumin, glutathione, 

and amino acids in the portal blood (Marceau et al, 1970 and Bligh et 

al., 1992). There is also evidence for a small protein, transcuprein, with 

a specific role in plasma copper transport (Linder and Asam, 1996). 

Once in the liver, copper (70 – 95%) is incorporated into 

ceruloplasmin, the main copper carrier in blood. Copper is transported 

to extra-hepatic tissues by albumin and amino acids, or excreted into 

the bile (Ralph and McArdle, 2001). By regulating copper release, the 

liver exerts homeostatic control over extrahepatic copper (Harris, 

2000). 

2.6.2.5.  Excretion of copper: 

Bile is the major pathway for the excretion of copper and is vitally 

important in the control of liver copper levels (Cousins, 1985, Winge 

and Mehra, 1990 and Turnlund, 1998).The average level of copper 

stored in the body is from 50 to 120 mg, with most of this in the 

liver.Excess dietary copper can also lead to high copper levels in the 

kidney. However, under normal situations, not much copper is excreted 

via the urine. Most copper is excreted via bile that is released into the 

gastrointestinal tract, with minimal copper reabsorbed by intestinal 

cells. The uptake of copper and elimination through the bile allows 

copper to be conserved and tightly regulated. Most fecal copper results 
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from biliary excretion; the remainder is derived from unabsorbed 

copper and copper from desquamated mucosal cells. 

2.6.2.6. Deficiencies of copper: 

 Animals that are fed diets deficient in copper often exhibit anemia, 

cardiac abnormalities such as blood vessel and heart rupture, abnormal 

EKG's, osteoporosis, osteoarthritis, rheumatoid arthritis, cardiovascular 

disease, colon cancer, and chronic conditions involving bone, 

connective tissue, heart, and blood vessels (Cordano, 1978, Danks, 

1988 and Bonnie et al., 2007) and have elevated levels of serum 

cholesterol, triglycerides and glucose. Copper deficiency alters the role 

of other cellular constituents involved in antioxidant activities, such as 

iron, selenium, and glutathione, and therefore plays an important role in 

diseases in which oxidant stress is elevated (Kagi and Schaffer, 1988, 

Johnson et al, 1992 and Bonnie et al., 2007). In both humans and 

animals, the major target organs for copper deficiency are the blood 

and hematopoietic system, the cardiovascular system, connective tissue 

and bone, the nervous system, and the immune system (Danks, 1988, 

International Programme on Chemical Safety, 1998 and Ralph and 

McArdle, 2001).  

2.6.2.7. Toxicity of copper: 

 Excess copper consumption causes stomach upset, nausea, and 

diarrhea and can lead to tissue injury and disease and liver damage. At 

high concentrations copper is known to produce oxidative damage to 

biological systems, including peroxidation of lipids or other 

macromolecules (Bremner, 1998).  For example, as a possible 
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causative agent or an expression of a metal homeostasis disturbance, 

studies indicate that copper may play a role in increasing the growth of 

protein clumps in Alzheimer’s disease brains. On the other hand, 

studies also demonstrate potential beneficial roles of copper in treating 

rather than causing Alzheimer’s disease (Protective role for copper in 

Alzheimer’s disease, Science News, October 13, 2009). At high 

concentrations copper is known to produce oxidative damage to 

biological systems, including peroxidation of lipids or other 

macromolecules (Bremner, 1998). Excess copper intake also induces 

toxicity indirectly by interacting with other nutrients. . For example, 

excess copper intake produces anemia by interfering with iron transport 

and/or metabolism (Ralph and McArdle, 2001). 

2.6.2.8. Interactions of copper with micronutrients: 

      Anemia is a clinical sign of deficiency of both iron and copper. 

Infants, who receive food with high iron content, absorb less copper 

than babies who take food with low iron content. This suggests that 

high doses of iron can interfere with copper absorption in infants. Zinc 

supplemented diet increases the intestinal synthesis of cellular proteins, 

called metallothioneins. They bind metals and do not allow their 

absorption by intestinal cells. Metallothioneins have a stronger affinity 

for copper than for zinc, so high levels of metallothioneins due to 

increased zinc can cause reduced absorption of copper. On the other 

hand, it is found that high doses of copper affect zinc nutritional status 

(Johnson et al., 1992). 
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Copper is a trace mineral that is a constituent of a variety of 

enzymes, including cytochrome c oxidase and cystocolic superoxide 

dismutase. Deficiency of copper is associated with anemia, 

abnormalities in collagen synthesis, and central nervous system (CNS) 

function (Rand and Murray, 2000). Although normally bound to 

proteins, copper may be released and become free to catalyse the 

formation of highly reactive hydroxyl radicals that have capacity to 

initiate oxidative damage and interfere with   important cellular events. 

Zinc removes copper from its binding site, where it may cause free 

radical formation (Gaetke and Chow, 2003). Copper is a cofactor of 

copper/zinc-superoxide dismutase, a free radical scavenging enzyme. 

Metal chelators, such as ceruloplasmin play an important role to 

contain the reactive copper ion (Maret, 2003). Serum concentration of 

copper plays an impotant role in the inter-relation among 

immunoglobulins IgA, IgM and IgG in subjects with various forms of 

liver diseases (Tanasescu et al., 1996). Pramoolsinsap et al., (1996) 

resulted that significantly elevated serum copper levels indicated 

alternation of copper metabolism during the acute icteric phase of 

uncomplicated hepatitis. Hatano et al., (2000) showed that the hepatic 

coppr contents increased with the progression of hepatic fibrosis and 

concluded that the presence of copper may enhance HCV infection. It 

have been noticed higher serum copper level and higher activity of both 

gamma glutamyl  transpeptidase (GGTP) and ALP, but lower level of 

serum bilirubin in patients infected with HCV as compared with those 

not infected, (Dabrowska et al., 2001). Also, Kalkan et al., (2002) 

reported that there is a decrease in zinc levels in sera of patients with 
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viral hepatitis (A, B, C, D, E). They have shown elevation in copper 

levels and suggested that this probably resulted from defence strategies 

of organism and induced by hormone-like substances. Ebara et al., 

(2003) found the hepatic copper overload may contribute to the 

development of HCC in HCV positive patients with chronic hepatitis or 

cirrhosis. Increased plasma copper, which can cause damage in the 

liver, may be important in CVH (Meram et al., (2004). Ko et al., 

(2005-a) reported that the level of zinc, selenium, copper, 

malonlialdehyde (MDA), glutathione reductase (GR) and glutathione 

peroxidase (GPX) in blood have important impact on viral factors on 

chronic hepatitis C.  

Lin et al., (2006) demonstrated that the levels of some trace 

elements, such as selenium, iron, copper, and zinc and Cu:Zn ratios 

might serve as biomarkers for the increased severity of viral hepatic 

damage due to viral hepatic diseases, especially those induced by the 

hepatitis B virus. By studying copper and zinc and other nine trace 

elements in tissues were determined from HCC itself and the 

surrounding liver parenchyma (SLP) it was found that the level of Cu 

present in HCC compared to the SLP shows a size dependence with a 

greater Cu content in small HCC compared to larger tumors. This 

indicates that hepatic Cu has possible carcinogenesis properties (Jie et 

al., 2007). Mastoi et al., (2009) showed that no change in copper level 

in HCV patients with or without diabetes mellitus, where as zinc as 

significantly reduced in both groups. Where, El-Fotuoh et al., (2012) 

reported that there was a very highly significant difference in serum 

copper between liver cirrhosis and control and HCC groups. 
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3. AIM OF WORK 

The aim of the present study is to:- 

1- Studying the toxicological aspects of HCV infection. 

2- Investigate the possible impact of  HCV infection as a risk factor 

for HCC in adult male. 

3- Evaluate serum sex hormones (testosterone and estradiol) and 

trace elements (Zn and Cu) in different liver insufficiency 

positive HCV patients that may be useful in prognosis of liver 

severity and cancer prediction, besides, other laboratory 

parameters. 
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4. SUBJECTS AND METHODS 

4.1. Subjects: 

The present study included sera of Fifty-two male patients 

(35-58 years) with positive hepatitis C virus (HCV) antibodies, 

and confirmed with qualitative and quantitative PCR were chosen. 

They were with wide range of liver complications attending the 

in-and outpatients clinics of gastroententrology center, Mansoura 

University, and Suis Canal University hospitals. They were 

classified into the following groups:  

1. 16 patients with steatohepatitis. 

2. 17 patients with chronic hepatitis. 

3. 12 patients with cirrhosis.  

4. 7 patients with hepatocellular carcinoma (HCC).  

In addition 24 healthy individuals were served as control in the 

present study.  

It is worth mentioning that during selection of patients, there 

was exclusion of those having the following criteria: 

1- Positive hepatitis B surface antigen (HBsAg) +ve or hepatitis 

core antibody HBc Ab (IgG & IgM) +ve. 

2- Organ failure (eg: chronic renal failure or chronic heart 

failure). 

3- Malnutrition. 

4- Current or previous interferon therapy. 

5- Current multivitamin therapy. 

6- Current albumin infusions.  

7- Current immunosuppressive drugs or drugs causing steatosis 
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(corticoste-roids, antiepileptic agents, tamoxifen, and 

amiodarone). 

8- Alcohol consumption. 

4.1.2. Clinical examination: 

All patients were clinically examined by doctors with 

special stress on manifestations of different liver diseases and/or 

liver cell failure including: jaundice, hepatosplenomegaly and 

ascites.  

4.2. Abdominal ultrasongraphy: 

Abdominal ultrasongraphy was done for liver size, liver 

echogenicity, masses, portal vein diameter, splenic size and status 

of ascites. 

4.3. Liver biopsy and pathological examination: 

Liver biopsy was taken and tissues were processed and 

examined by a specialist. 

4.4. Laboratory investigations:  

Venous blood samples were obtained between 8-10 A.M. 

after an over night fasting from all selected patients & control 

healthy subjects. A part of blood samples was used for 

hematological studies and the remaining part was centrifuged at 

3000 rpm, sera were separated and stored at -20ºc until chemical 

analysis; repeated thawing and freezing of serum were avoided. 
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4.4.1. Hepatitis markers:  

Hepatitis B surface antigen (HBsAg) and hepatitis C virus 

antibody (HCV-Ab) were assessed using third generation enzyme 

linked immunosorbent assay ELISA) test (Franciscus, 2002 and 

Sablon & Shapiro, 2005) respectively.  

4.4.2. Complete blood picture:  

Red blood cells (RBCs) and white blood cells  (WBCs) 

counts were counted  according to Dacie and Lewis (1991).  

Hemoglobin concentration (Hb) and packed cell volume (PCV) 

(or hematocrit value) were determined according to Dacie and 

Lewis (1991). The mean corpuscular volume (MCV), the mean 

corpuscular hemoglobin (MCH) and mean corpuscular 

hemoglobin concentration (MCHC) were calculated. Differential 

white cell count and platelets count were also determined 

according to Dacie and Lewis (1991).              

4.4.3. Liver functions profile:  

 Total protein was determined colorimetrically according to 

Gornal et al., (1949), using Biodiagnostic Kit, Egypt. Albumin 

was determined colorimetrically according to Doumas et al., 

(1971), using Bio-Adwic Kit, Egypt. The concentration of 

globulins in each sample was obtained by subtracting the albumin 

values from the total protein concentration from which the 

albumin / globulin ratio (A/G) was obtained. Total and direct 

bilirubin were colorimetrically determined by the method   

described by Wootton, (1967), using Bio- Adwic Kit, Egypt. 

Alanine aminotransferase and asparatate aminotransferase were 
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determined colorimetrically according to Reitman and Frankel, 

(1957), using Vitro Scient. Kit, Egypt, from which asparatate 

aminotransferase / alanin aminotransferase (AST/ ALT) ratio was 

obtained. Alkalin phosphatase was determined colorimetrically 

according to Belfield and Goldberg (1971), using Biodiagnostic 

Kit, Egypt.  

4.4.4. Assay of serum hormones level: 

1- Serum total testosterone was assayed by radioimmunoassay kit 

(Siemen Medical Solutions Diagnostics, TKTT1-1999, USA). 

2- Serum estradiol was assayed by radioimmunoassay kit (Siemen 

Medical Solutions Diagnostics, TKE21-2125, USA). 

3- Testosterone/ Estradiol (T/E) ratio were calculated. 

4.4.5.  Measurments of serum copper (Cu) and zinc (Zn) 

concentrations: 

1- Serum Cu was assayed according to Abe et al., (1989) using 

kits supplied by Egyptian Company for Biotechnology. 

2- Serum Zn was assayed according to Makino et al., (1982) 

using kits supplied by Egyptian Company for Biotechnology. 

3- Copper / Zinc (Cu/Zn) ratio for each sample were calculated. 

4.5. Statistical analysis: 

The descriptive analysis of continuous variables was 

expressed as mean (±SE) and Student-Newman-Keuls Multiple 

comparison test was applied to compare the means among the 

patients and control groups. P-value <0.05 and <0.001 were 

considered as statistically significant levels, and regression 

analysis was carried out by SAS (2000) by equation Y= (a±Xb). 
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Table (5-7): The relationship between Zinc(y) and each group (x1), Age(x2), Copper (x3), Cu/Zn ratio(x4), 

Testosterone (x5), Estradiol (x6) and Testosterone /Estradiol ratio (x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estimation 

Syn-X 

 

 

 

 

 

 

 

 

Zn 

A- Control Group 

1 - - - Cu/Zn - - - 129.74 - - - -36.77 - - - 0.3158 11.54 0.0043 

2 - - Cu Cu/Zn - - - 101.21 - - 1.18 -
118.52 

- - - 0.9582 0.07 0.0001 

B- Steatohepatitis group 
1 - - - Cu/Zn - - - 103.19 - - - -14.04 - - - 0.6393 2.82 0.0002 

2 - - Cu Cu/Zn - - - 76.50 - - 0.31 -22.56 - - - 0.8608 0.07 0.0001 

3 Group  - Cu Cu/Zn - - - 118.71 -23.14 - 0.33 -22.47 - - - 0.8989 10.88 0.0001 

C- Chromic hepatitis group 
1 - - - Cu/Zn - - - 111.43 - - - -19.68 - - - 0.7782 2.70 0.0001 

2 - - Cu Cu/Zn - - - 68.23 - - 0.54 -35.59 - - - 0.9361 0.09 0.0001 

D- Cirrhosis group 
1 - - - Cu/Zn - - - 101.91 - - - -11.89 - - - 0.7551 2.14 0.0002 

2 - - Cu Cu/Zn - - - 61.63 - - 0.34 -16.84 - - - 0.9472 0.06 0.0003 

3 Group  - Cu Cu/Zn - - - -57.60 29.74 - 0.33 -16.54 - - - 0.9741 10.31 0.0204 

E- HCC group 

No variable meet criteria  

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
0
2
- 
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Table (5-8): The relationship between Copper(y) and each group (x1), Age(x2), Zinc (x3), Cu/Zn ratio(x4), 

Testosterone (x5), Estradiol (x6) and Testosterone /Estradiol ratio (x7).  
 

y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estimation 
Syn-X 

 

 

 

 

 

 

 

 

Cu 

A- Control Group 

1 - - - Cu/Zn - - - 24.12 - - - 69.12 - - - 0.7085 9.45 0.0001 

2 - - Zn Cu/Zn - - - -78.87 - - 0.79 98.31 - - - 0.9822 0.04 0.0001 

B- Steatohepatitis group 

1 - - - Cu/Zn - - - 87.48 - - - 27.96 - - - 0.5157 7.24 0.0017 

2 - - Zn Cu/Zn - - - -120.30 - - 2.01 56.22 - - - 0.8131 0.44 0.0005 

3 Group  - Zn Cu/Zn - - - -250.18 60.081 - 2.15 56.08 - - - 0.8660 27.60 0.0502 

C- Chromic hepatitis group 

1 - - - Cu/Zn - - - 79.51 - - - 29.30 - - - 0.7633 4.21 0.0001 

2 - - Zn Cu/Zn - - - -66.53 - - 1.31 55.09 - - - 0.9319 0.22 0.0001 

D- Cirrhosis group 

1 - - - Cu/Zn - - - 119.97 - - - 14.76 - - - 0.4057 5.65 0.0259 

2 - - Zn Cu/Zn - - - -118.06 - - 2.34 42.52 - - - 0.8718 0.41 0.0003 

3 Group  - Zn Cu/Zn - - - 163.43 -77.848 - 2.65 45.60 - - - 0.9279 31.21 0.0373 

E- HCC group 

1 - - - Cu/Zn - - - 66.58 - -  50.94 - - - 0.6390 17.13 0.0310 

2 - - Zn Cu/Zn - - - -142.65 - - 1.81 78.77 - - - 0.9989 0.05 0.0001 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
0
3
- 
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Table (5-9): The relationship between Copper/Zinc ratio(y) and each group (x1), Age(x2), Copper (x3), Zinc 

(x4), Testosterone (x5), Estradiol (x6) and Testosterone /Estradiol ratio (x7).  
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estimation 
Syn-X 

C
u

/Z
n

 
 

A- Control Group 

1 - - Cu - - - - -0.02 - - 0.01 - - - - 0.7085 0.001 0.0001 

2 - - Cu Zn - - - 0.82 - - 0.01 -0.01 - - - 0.9878 0.0003 0.0001 

B- Steatohepatitis group 

1 - - - Zn - - - 5.52 - - - -0.05 - - - 0.6393 0.01 0.0002 

2 - - Cu Zn - - - 2.81 - - 0.01 -0.04 - - - 0.9282 0.002 0.0001 

3 Grou
p  

- Cu Zn - - - 4.60 -0.90 - 0.02 -0.04 - - - 0.9453 0.47 0.0774 

C- Chromic hepatitis group 

1 - - - Zn - - - 4.84 - - - -0.04 - - - 0.7782 0.006 0.0001 

2 - - Cu Zn - - - 1.58 - - 0.02 -0.03 - - - 0.9773 0.002 0.0001 

D- Cirrhosis group 

1 - - - Zn - - - 7.21 - - - -0.06 - - - 0.7551 0.011 0.0002 

2 - - Cu Zn - - - 3.37 - - 0.02 -0.06 - - - 0.9671 0.003 0.0001 

3 Grou

p  

- Cu Zn - - - -3.30 1.72 - 0.02 -0.06 - - - 0.9828 0.63 0.0269 

E- HCC group 

1 - - Cu - - - - -0.07 - - 0.01 - - - - 0.6390 0.004 0.0310 

2 - - Cu Zn - - - 1.81 - - 0.01 -0.02 - - - 0.9990 0.0002 0.0001 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
0
4
- 
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Table (5-10): The relationship between Testosterone (y) and each group (x1), Age(x2), Copper (x3), Zinc (x4), 

Copper/Zinc (x5), Estradiol (x6) and Testosterone /Estradiol ratio (x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estimation 
Syn-X 

T
es

to
st

er
o

n
e 

 
 

A- Control Group 

1 - Age - - - - - 959.29 - -9.09 - - - - - 0.8739 0.74 0.0001 

2 Group Age - - - - - 1035.63 -64.51 -9.35 - - - - - 0.8903 36.42 0.0001 

B- Steatohepatitis group 

1 - - - - - - T/E 274.00 - - - - - - 15.81 0.6150 3.34 0.0003 

2 - - - - - E T/E -168.28 - - - - - -6.59 28.65 0.8287 1.64 0.0014 

3 Group  - - - - E T/E -79.41 -177.40 - - - - -7.82 33.16 0.8579 113.16 0.1429 

C-  Chromic hepatitis group 

1 - - - - - - T/E 144.24 - - - - - - 18.71 0.4633 5.20 0.0026 

2 - - - - - E T/E 148.59 - - - - - 3.91 36.90 0.8218 0.74 0.0001 

3  Age - - - E T/E 47.93 - -3.42 - -  3.54 34.86 0.8518 2.10 0.1283 

4  Age  Zn  - E T/E 223.95 - -3.91 - -1.55  2.65 35.41 0.8898 0.96 0.0627 

D-  Cirrhosis group 

1 - - - - - - T/E 46.42 - - - - - - 27.71 0.4933 8.88 0.0109 

2 - - - - - E T/E -104.95 - - - - - 2.10 45.67 0.9176 0.31 0.0001 

E- HCC group 

1 - Age - - - - - 401.64 - -3.87 - - - - - 0.5001 1.73 0.0756 

2 - Age  Zn - - - 91.93 - -4.72 - 4.27 - - - 0.8101 1.67 0.0630 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
0
5
- 
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Table (5-11): The relationship between Estradiol (y) and each group (x1), Age(x2), Copper (x3), Zinc (x4), 

Copper/Zinc ratio (x5), Testosterone(x6) and Testosterone /Estradiol ratio (x7).  

y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estima

-tion 

Syn-X 

E
st

ra
d

io
l 

  

 

A- Control Group 
1 - - - - - - T/E 43.09 - - - - - - -0.78 0.8025 0.08 0.0001 

2 - - - - - Testo. T/E 24.05 - - - - - 0.04 -0.85 0.9229 0.01 0.0001 

B- Steatosishepatitis group 
1 - - - - - - T/E 67.10 - - - - - - -1.95 0.6549 0.38 0.0001 

2 - - - - - Testo. T/E 44.02 - - - - - 0.08 -3.28 0.8465 0.02 0.0014 

3 Group  - - - - Testo. T/E -1.70 25.16 - - - - 0.08 -3.52 0.8976 10.28 0.0308 

C-  Chromic hepatitis group 
1 - - - - - - - 4.03 - - - - 22.22 - - 0.6641 4.08 0.0001 

2 - - - - Cu/Zn - T/E 31.97 - - - - 15.87 - -2.61 0.7822 0.95 0.0155 

3 - - - - Cu/Zn Testo. T/E 40.34 - - - - 5.80 0.13 -6.36 0.8052 0.05 0.0142 

4 - - - - - Testo. T/E 50.30 - - - - - 0.17 -7.86 0.8506 0.03 0.0001 

5 - - Cu - - Testo. T/E 24.46  - 0.20 - - 0.13 -6.42 0.8845 0.10 0.0726 

D-  Cirrhosis group 
1 - - - Zn - - - 81.12 - - - -0.44 - - - 0.3746 0.18 0.0344 

E- HCC group 
1 - - - - - - T/E 62.71 -  - - - - -4.12 0.6887 1.24 0.0209 

2 - Age - - - - T/E 99.98 - -0.58 - - - - -5.28 0.914 0.18 0.0317 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
0
6
- 
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Table (5-12): The relationship between Testosterone /Estradiol (y) and each group (x1), Age(x2), Copper (x3), 

Zinc (x4), Copper/Zinc (x5), Testosterone (x6) and Estradiol (x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of  

estimation 
Syn-

X 

T
es

to
st

er
o

n
e 

/E
st

ra
d

io
l 

A- Control Group 

1 - - - - - - E 49.38 - - - - - - -1.03 0.8025 0.91 0.0001 

2 - - - - - Testo. E 26.94 - - - - - 0.04 -1.09 0.9253 0.008 0.0001 

B- Steatohepatitis group 

1 - - - - - - E 26.59 - - - - - - -0.34 0.6549 0.07 0.0001 

2 - - - - - Testo. E 9.96 - - - - - 0.03 -0.25 0.9319 0.004 0.0001 

3 Group  - - - - Testo. E -2.67 7.166 - - - - 0.02 -0.25 0.9577 2.65 0.0191 

C-  Chromic hepatitis group 

1 - - - - - - E 11.56 - - - - - - -0.12 0.5501 0.03 0.0007 

2 - - - - - Testo. E 5.38 - - - - - 0.02 -0.11 0.9189 0.003 0.0001 

3 - - - Zn - Testo. E 1.88 - - - 0.03 - 0.02 -0.09 0.9326 0.02 0.1282 

D-  Cirrhosis group 

1 - - - - - Testo. - 0.38 - - - - - 0.02 - 0.4933 0.006 0.0109 

2 - - - - - Testo. E 2.47 - - - - - 0.02 -0.05 0.9436 0.005 0.0001 

E- HCC group 

1 - - - - - - E 12.22 - - - - - - -0.17 0.6887 0.05 0.0209 

2 - Age - - - - E 18.23 - -0.11 - - - - -0.17 0.9305 0.03 0.0203 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
0
7
- 
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Table (5-13): The relationship between Zinc(y) and all of groups (healthy and patients) (x1), Age(x2), Copper 

(x3), Cu/Zn(x4), Testosterone (x5), Estradiol (x6) and T/E(x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estradiol 
Syn-X 

 

Zn 

1 - - - Cu/Zn - - - 108.73 - - - -14.98 - - - 0.7336 1.0386 0.0001 

2 - - - Cu/Zn - E2  - 115.35 - - - -12.10 - -0.30 - 0.7756 0.0864 0.0008 

3 - - Cu  Cu/Zn - E2 - 106.89 - - 0.12 -15.72 - -0.31 - 0.8004 0.0399 0.0001 

4 Grop. - Cu  Cu/Zn - E2 - 109.67 -5.15 - 0.15 -15.53 - -0.29 - 0.8094 2.8127 0.0715 

5 Grop.  Age  Cu  Cu/Zn - E2 - 122.10 -5.29 0.27 0.16 -15.56 - -0.29 - 0.8177 0.1517 0.0786 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
0
8
- 
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Table (5-14): The relationship between Copper(y) and all of groups (healthy and patients) (x1), Age(x2), Zinc 

(x3), Cu/Zn(x4), Testosterone (x5), Estradiol (x6) and T/E(x7).  

 
y Step 

No. 
x1 x2 x3 x4 x5 x6 x7 a b1 b2 b3 b4 b5 b6 b7 r2 

S.E. of 

estradiol Syn-X 

 

 

Cu 

1 - - - Cu/Zn - - - 72.41 - - - 31.02 - - - 0.6441 2.68000 0.0001 

2 Grop. - - Cu/Zn - -  - 54.57 12.91 - - 23.11 - - - 0.7518 2.29484 0.0001 

3 Grop.  - Zn  Cu/Zn - - - -30.72 13.00 - 0.78 34.72 - - - 0.7842 0.23684 0.0016 

4 Grop. - Zn  Cu/Zn - - - -51.11 10.68 - 0.84 32.73 - - - 0.8035 6.28188 0.0104 

5 Grop.  - Zn  Cu/Zn testo. - - -73.31 16.82 - 0.75 31.48 0.65 - - 0.8144 0.02496 0.0446 

6 Grop. - Zn Cu/Zn testo. - T/E -78.38 15.59 - 0.90 32.29 0.09 - 1.08 0.8320 0.40351 0.0090 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
0
9
- 
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Table (5-15): The relationship between Cu/Zn ratio(y) and all of groups (healthy and patients) (x1), Age(x2), 

Copper(x3), Zn(x4), Testosterone (x5), Estradiol (x6) and T/E ratio(x7).  

 
y Step 

No. 
x1 x2 x3 x4 x5 x6 x7 a b1 b2 b3 b4 b5 b6 b7 r2 S.E. of 

estradiol 
Syn-X 

C
u

/Z
n

 

 

1 - - - Zn - - - 5.83 - - - -0.05 - - - 0.7376 0.00341 0.0001 

2 - - Cu Zn - - - 3.08 - - 0.01 -0.03 - - - 0.8670 0.00138 0.0001 

3 - - Cu Zn - - T/E 2.86 - - 0.01 -0.04 - - 0.016 0.8786 0.80612 0.0107 

4 - - Cu Zn - E T/E 2.20 - - 0.01 -0.03 - - 0.020 0.8827 0.00494 0.1182 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
1
0
- 



 

  

                                                                                                            R
esu

lts 

 

 

 

Table (5-16): The relationship between Testosterone (y) and all of groups (healthy and patients) (x1), Age(x2), 

Copper(x3), Zinc(x4), Cu/Zn(x5), Estradiol (x6) and T/E ratio(x7).  

 

y 

Step 

No. 
x1 x2 x3 x4 x5 x6 x7 a b1 b2 b3 b4 b5 b6 b7 r

2
 

S.E. of 

estradiol 
Syn-X 

T
es

to
st

er
o

n
e 

 

 

1 Grop. - - - - - - 650.68 -116.32 - - - - - - 0.7317 8.18768 0.0001 

2 Grop. - - - - - T/E 474.22 -77.82 - - - - - 6.39 0.7888 1.43933 0.0001 

3 Grop. - Cu - - - T/E 377.73 -95.32 - 1.0 - - - 7.36 0.8176 0.29475 0.0012 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

-1
1
1
- 
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Table (5-17): The relationship between Estradiol (y) and all of groups (healthy and patients) (x1), Age(x2), 

Copper(x3), Zinc(x4), Cu/Zn(x5), Testosterone (x6) and T/E ratio(x7).  

 

y Step 

No. 
x1 x2 x3 x4 x5 x6 x7 a b1 b2 b3 b4 b5 b6 b7 r

2
 

S.E. of 

estradiol 

Syn-X 

E
st

ra
d

io
l 

 

  

1 - - - - - - T/E 54.50 - - - - - - -1.22 0.5738 0.12208 0.0001 

2 - - - Zn - - T/E 77.32 - - - -0.34 - - -0.85 0.6824 0.06768 0.0001 

3 Group - - Zn - - T/E 89.53 -3.15 - - -0.35 - - -1.15 0.7081 1.25308 0.0141 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
1

2
- 
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Table (5-18): The relationship between T/E(y) and all of groups (healthy and patients) (x1), Age(x2), Copper (x3), 

Zinc(x4), Cu/Zn(x5), Testosterone (x6) and Estradiol(x7).  

y Step 

No. 
x1 x2 x3 x4 x5 x6 x7 a b1 b2 b3 b4 b5 b6 b7 r

2
 

S.E. of 

estradiol 

Syn-X 

 

 

 

T/E 

1 - - - - - Testos. - -4.27 - - - - - 0.047 - 0.6526 0.00397 0.0001 

2 - - - - - Testos. E 12.08 - - - - - 0.030 -0.99 0.8130 0.0366 0.0001 

3 - - Cu -  - Testos. E 16.07 - - -0.03 - - 0.030 -0.26 0.8255 0.01460 0.0259 

4 - - Cu -  Cu/Zn Testos. E 19.22 - - -0.07 - 2.23 0.030 -0.31 0.8427 0.80233 0.0069 

5 - - Cu  Zn  Cu/Zn Testos. E 10.44 - - -0.08 0.09 3.60 0.029 -0.28 0.8480 0.05485 0.1217 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

 

-1
1
3

- 
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Table (5-19): The relationship between Zinc(y) and all of groups (x1), Age(x2), Copper (x3), Cu/Zn ratio(x4), 

Testosterone (x5), Estradiol (x6) and T/E ratio (x7).  

 

y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 X8 a b1 b2 b3 b4 b5 b6 b7 b8 r2 

S.E. of 

estrad. 

Syn-X 

 

 

Zn 

1 - - - Cu/Zn - E2 - - 108.73 - - - -14.98 - - - - 0.7376 1.039 0.0001 

2 - - - Cu/Zn - E2 - - 115.35 - - - -12.10 - -0.30 - - 0.7756 1.268 0.0008 

3 - - Cu Cu/Zn - E2 - - 106.89 - - 0.12 -15.72 - -0.31 - - 0.8004 0.04 0.0038 

4 - - Cu Cu/Zn - E2 T/E - 94.64 - - 0.16 -16.62 - 0.18 0.13 - 0.8087 0.18 0.0832 

5 Group  - Cu Cu/Zn - E2 T/E No 81.39 12.72 - 0.16 -16.19 - 0.19 0.32 12.72 0.8164 7.42 0.091 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
1
4

- 
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Table (5-20): The relationship between Copper(y) and all of groups (x1), Age(x2), Zinc (x3), Cu/Zn ratio(x4), 

Testosterone (x5), Estradiol (x6) and T/E ratio (x7).  

 

y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 X8 a b1 b2 b3 b4 b5 b6 b7 b8 r2 

S.E. of 

estrad. 
Syn-X 

 

 

Cu 

1 - - - Cu/Zn - - - - 72.41 - - - 31.02 - - - - 0.6441 2.680 0.0001 

2 Group - - Cu/Zn - - - - 54.57 12.91 - - 23.11 - - - - 0.7518 2.295 0.0001 

3 Group - Zn Cu/Zn - - - - -30.22 13.00 - 0.78 34.72 - - - - 0.7842 0.237 0.0016 

4 Group - Zn Cu/Zn Testo. - - - -56.61 19.65 - 0.68 33.17 0.06 - - - 0.7981 0.026 0.0304 

5 Group  - Zn Cu/Zn Testo. - T/E - -65.96 17.65 - 0.87 33.73 0.10 - 1.23 - 0.8216 0.406 0.0034 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
1
5

- 
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Table (5-21): The relationship between Cu/Zn ratio(y) and all of groups (x1), Age(x2), Copper (x3), Zinc (x4), 

Testosterone (x5), Estradiol (x6) and T/E ratio (x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 X8 a b1 b2 b3 b4 b5 b6 b7 b8 r2 

S.E. of 

estrad. 
Syn-X 

C
u

/Z
n

 

  

1 - - Zn - - - - - 5.832 - - -0.05 - - - - - 0.7376 0.003 0.0001 

2 - - Zn Cu - - - - 3.080 - - -0.03 0.01 - - - - 0.8670 0.001 0.0001 

3 - - Zn Cu - - T/E - 2.860 - - -0.04 0.01 - - 0.16 - 0.8786 0.006 0.0107 

4 - - Zn Cu - E2 T/E - 2.200 - - -0.03 0.01 - 0.008 0.02 - 0.8827 0.005 0.1182 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
1
6

- 
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Table (5-22): The relationship between Testosterone (y) and all of groups (x1), Age(x2), Copper (x3), Zinc (x4), 

Cu/Zn (x5), Estradiol (x6) and Testosterone /Estradiol (x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 X8 a b1 b2 b3 b4 b5 b6 b7 b8 r2 

S.E. of 

estrad. 

Syn-X 

T
es

to
st

er
o

n
e 

 

 

 

1 Group - - - - - - - 650.89 -116.32 - - - - - - - 0.7317 8.188 0.0001 

2 Group  - - - - - T/E - 474.22 -77.82 - - - - - 6.39 - 0.7889 1.439 0.0001 

3 Group  Cu - - - - T/E - 377.33 -95.32 - 1.0 - - - 7.36 - 0.8176 0.295 0.0012 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

-1
1
7

- 
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Table (5-23): The relationship between Estradiol (y) and all of groups (x1), Age(x2), Copper (x3), Zinc (x4), Cu/Zn 

(x5),  Testosterone (x6) and Testosterone/Estradiol (x7).  

y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 X8 a b1 b2 b3 b4 b5 b6 b7 b8 r2 

S.E. of 

estrad. 

Syn-X 

E
st

ra
d

io
l 

 

 

 

1 - - - - - - T/E - 54.47 - - - - - - -1.22 - 0.5738 0.122 0.0001 

2 - - - Zn - - T/E - 77.33 - - - -0.34 - - -0.85 - 0.6824 0.068 0.0001 

3 Group  - - Zn - - T/E - 89.53 -3.15 - - -0.35 - - -1.15 - 0.7081 1.253 0.0141 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 
 

 

 

 

 

-1
1
8

- 
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Table (5-24): The relationship between Testosterone /Estradiol(y) and all of groups (x1), Age(x2), Copper (x3), Zinc 

(x4), Cu/Zn ratio(x5), Testosterone (x6), and Estradiol ratio (x7).  

 
y Step 

No. 
X1 X2 X3 X4 X5 X6 X7 X8 a b1 b2 b3 b4 b5 b6 b7 b8 r2 

S.E. 

of 

estrad. 

 

Syn-X 

T
es

to
st

er
o

n
e 

/E
st

ra
d

io
l 

  

1 - - - - - Testo. - - -4.27 - - - - - 0.05 - - 0.6526 - 0.0001 

2 - - - - - Testo. E2 - 12.05 - - - - - 0.03 -0.29 - 0.8130 - 0.0001 

3 - - Cu - - Testo. E2 - 16.06 - - 0.03 - - 0.03 -0.26 - 0.8255 - 0.0259 

4 - - Cu - Cu/Zn Testo. E2 - 19.22 - - -0.07 - 2.23 0.03 -0.31 - 0.8427 - 0.0069 

5 - - Cu Zn Cu/Zn Testo. E2 - 10.44 - - -0.08 0.09 3.60 0.03 -0.28 - 0.8480 - 0.0032 

a, b1, b2, …etc. constants of equation  

y = (a ± (xb)) 

 

 

 

-1
1
9

- 
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5. RESULTS 

5.1. Clinical manifestation: 

Patients examined by physicians and a variety of symptoms 

including fatigue, itching, and right upper abdominal discomfort were 

observed. Physical findings of chronic liver disease, such as jaundice, 

pedal edema, hepatosplenomegaly, ascites, and encephalopathy, were 

in patients develop decompensated cirrhosis. Present status of patient in 

terms of well compensated asymptomatic status, symptomatic but 

compensated liver disease or de-compensated cirrhosis with 

complications was also noted.  

5.2. Abdominal ultrasongraphy: 

Liver biopsies from healthy subjects were difficult to obtain. 

These subjects had no clinical, serological (infectious, immunological, 

or hereditary causes of liver disease) evidence of liver disease and had 

normal results of ultrasound examination. These subjects were 

classified as control for the present investigation. 

Patients with nonalcoholic fatty liver disease (NAFLD) had 

bright liver on ultrasound examination. Liver sizes ranged from 10.5 to 

15.5 (cm) main while, in progressive cirrhosis liver size decreases. 

Spleen sizes ranged from 9.5 to 14.5 (cm) and portal vein diameter 

ranged from 8.6 to 11.5 (mm). Enlarged spleen (splenomegaly), small 

nodular liver, ascites, and intra abdominal varices were detected in 

cirrhotic cases. Also irregular edges of liver with altered structure and 

portal vein thrombosis were observed and also, increased of portal 
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veins diameter. The presence of increased liver echogenicity on 

ultrasound does not reliably differentiate hepatic steatosis from fibrosis 

and are not sufficiently sensitive to detect early cirrhosis. Nodularity on 

the liver surface was the most discriminatory ultrasound feature in 

cirrhotic status. Nodules smaller than 1cm can be detected in HCC 

patients. 

5.3. Liver biopsy and pathological examination: 

All liver biopsies were first assessed independently by 

pathologists unaware of clinical data and the study objective. Biopsies 

with steatosis and lobular inflammation and hepatocellular ballooning 

were considered as nonalcoholic seatohepatitis (NASH) in the absence 

of fibrosis. Fibrosis reports ranged from mild fibrosis to early cirrhosis 

according to the Metavir score, the presence of spotty necrosis, fibrous 

septa, and accumulation of fibrogenic myofibroblastis. In cirrhotic 

cases bridging of fibrous septa and bile duct damage were seen with 

different stages of ascites. The scores of biopsies ranged from stage 1/6 

to 5/6. Unfortunately, some of the specimens of liver biopsy were not 

adiquate and some were without liver tissues.  

5.4. Laboratory investigations: 

5.4.1.  Hepatitis markers:  

1- Hepatitis B surface antigen (HBsAg) was negative. 

2. Hepatitis C virus antibody was positive for all patients.   
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5.4.2. Complete blood picture, liver profile, hormones and trace 

elements:  

All patient groups were matched in age with no significant 

differences between groups and in-between (Table 5-1 and Fig.5-1); 

All patients and control groups were negative for all other viral 

hepatitis, schistosomiasis and renal abnormalities. 

 

Table (5-1): Mean values ±SE of Age in control and patients 

groups. 

 

Measured 

parameter 
Groups 

Control 

n=24 

Steato-

hepatitis 

n=16 

CH 

n=17 

Cirrhosis 

n=12 

HCC 

n=7 

Age (yrs) 46.2
a
±1.4 49.2

a
±1.6 48.8

a
±0.9 47.3

a
±0.9 53.2

a
±4.7 

 

Values with the same letters considered insignificant (p>0.05). 

(n) number of samples. 

CH: Chronic Hepatitis. 

HCC:  hepatocellular carcinoma 

There was no significant difference between patient groups and 

control in ages and in-between groups.  
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Fig (5-1): Illustrates mean ±SE of age in control and patient 

groups. 
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5.4.2.1. Changes in Haematological Parameters:  

5.4.2.1.1. Changes in red blood cells, heamoglobin and platelets:       

The results represented in Table (5-2) and Figs. (5-2 (1,2,3,4,5,6 

& 7)), showed a significant decrease (p<0.05) in red blood cell count, 

heamoglobin concentration, package corpuscular volume (PCV), mean 

cell volume (MCV), mean cell heamoglobin (MCH), mean cell 

heamoglobin concentration (MCHC) and platelets count in patients 

with different liver states compairing with healthy subjects. The most 

significant decrease was seen in HCC group.  

The heamoglobin concentration persent was significantly lower 

in HCC group than other patient groups, while PCV in the cirrhotic 

group was significantly decreased (p<0.05) than steatohepatitis, but 

HCC group was the most significant decrease. At the same time there 

were no differences between patients groups in platelet counts. 
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Table (5-2): Mean values ±SE of heamatological parameters (RBCs, Hb 

concentration, PCV, MCV, MCH, MCHC and platelets) in 

control and patient groups. 

 

Measured 

Parameter 

 

Groups 

Control 

n=24 

Steato-

hepatitis 

n=16 

CH 

n=17 

Cirrhosis 

n=12 

HCC 

n=7 

RBCs 

(10
6
/ml ) 

a 

5.5±0.1 

b 

4.6±0.2 

b 

4.3±0.2 

b 

4.2±0.3 

b 

3.9±0.4 

Hb conc. 

(g/dl) 

a 

16.0±0.1 

b 

13.6±0.6 

b 

12.1±0.8 

b 

12.6±0.5 

c 

10.4±0.7 

PCV 

(%) 

a 

46.5±0.2 

b 

39.5±1.5 

b,c 

37.0±1.0 

c 

34.8±1.5 

d 

27.0±1.3 

MCV 

(fl) 

a 

85.2±0.9 

a 

85.7±2.6 

a,b 

82.2±2.3 

a 

81.5±2.4 

b 

72.0±5.4 

MCH 

(pg) 

a 

29.3±0.2 

a 

30.1±0.9 

a 

29.9±0.7 

a 

29.8±0.7 

a 

26.5±2.3 

MCHC 

(g/l) 

b 

34.5±0.2 

b 

34.2±0.6 

b 

33.8±0.9 

a,b 

36.5±0.9 

a 

38.8±1.9 

Platelets 

(10
3
/ml) 

a 

348.6±7.1 

b 

184.3±15.7 

b 

185.8±16.7 

b 

195.9±20.2 

b 

166.6±13.7 

Values with the same letters considered insignificant ( p > 0.05 ). 

(n) number of samples. 

CH: Chronic Hepatitis. 

HCC:  hepatocellular  carcinoma. 

 



Results

 

 

 

- 72 - 

0

1

2

3

4

5

R
B

C
s

 (
1

0
6
/m

l)

 
 

 

 

Groups 

Fig.(5-2-1): Illustrates mean ±SE of red blood cell counts (RBCs) in 

control and patient groups. 
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Fig.(5-2-2): Illustrates mean ±SE of heamoglobin concentration (Hb) in 

control and patient groups. 
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Fig.(5-2-3): Illustrates mean ±SE of package corpuscular volume (PCV) 

in control and patient groups. 
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Fig.(5-2-4): Illustrates mean ±SE of mean cell volume (MCV) in control 

and patient groups. 
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Fig.(5-2-5): Illustrates mean ±SE of mean cell heamoglobin (MCH) in 

control and patient groups. 
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Fig.(5-2-6): Illustrates mean ±SE of mean cell heamoglobin 

concentration (MCHC) in control and patient groups. 
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Fig.(5-2-7): Illustrates mean ±SE of platelet counts in control and 

patient groups. 
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5.4.2.1.2. Changes in leukocyte counts and their differentiations: 

The results showed that there was a significant decrease 

(p<0.05) in leukocyte count between healthy and patient groups. In 

white blood cell differentiation there were significant decreases of the 

segmented neutrophile (S.neut.) in all patient groups compared to 

members of the healthy group, with the maximum decrease was 

observed in the HCC group (P<0.05), where as, there was a significant 

increase in the lymphocyte (Lym.) of patient groups than healthy group 

(p<0.05). From Table (5-3) and Fig (5-3 (1 & 2)), there was an 

extremely significant increase in the monocyte (Mono.) counts present 

(p<0.001), also this significant increase was shown in the basophile 

present. But in unsegmented neutrophile (Uns.neut.) and eusinophile 

(Eus.) counts present there were no significant differences between 

healthy and patient groups or in between. 
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Table (5-3): Mean value ±SE of leukocyte counts and their 

differentiations in control and patients groups. 

 

 

Measured 

Parameter 

Groups 

Control 

n=24 

Steato-

hepatitis 

n=16 

CH 

n=17 

Cirrhosis 

n=12 

HCC 

n=7 

WBCs 

(10
3
/ml) 

a 

7.9±0.1 

a 

7.9±0.1 

b 

5.9±0.6 

b 

6.4±0.8 

b 

5.3±0.8 

Segmented 

Neutrophil 

(%) 

a,c 

66.0±0.6 

a,c 

66.0±0.6 

b,c,d 

60.4±1.9 

d 

59.2±2.8 

c,d 

53.9±1.6 

Unsegmented 

Neutrophil 

(%) 

a 

0.3±0.1 

a 

0.3±0.1 

a 

0.7±0.2 

a 

0.6±0.2 

a 

0.6±0.2 

Lymphocyt 

(%) 

b 

31.6±0.7 

b 

31.6±0.7 

a,b 

33.9±1.3 

a,b 

34.9±2.0 

a,b 

34.6±1.9 

Monocyt 

(%) 

b 

1.2±0.1 

b 

1.2±0.1 

a 

2.6±0.4 

a 

2.9±0.4 

a 

3.0±0.5 

Eusinophil 

(%) 

a 

0.8±0.1 

a 

0.8±0.1 

a 

1.7±0.4 

a 

1.8±0.4 

a 

1.7±2.0 

Basophil 

(%) 

b 

0.04±0.04 

b 

0.04±0.04 

a 

0.5±0.1 

a 

0.6±0.1 

a 

0.7±0.2 

Values with the same letters considered insignificant ( p > 0.05 ). 

(n) number of samples. 

CH: Chronic Hepatitis. 

HCC : hepatocellular  carcinoma. 
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Fig. (5-3-1): Illustrate mean ±SE of white blood cell counts (WBCs) in 

control and patients group.  
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Fig. (5-3-2): Illustrate mean ±SE of white blood cell differentiations in 

control and patients group.  
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5.4.2.2. Changes in liver function profiles: 

Serum liver profile including: total protein, albumin (A) and 

globuline (G) concentrations, albumin/ globulin (A/G) ratio and total 

and direct bilirubin levels besides, liver enzymes aspartate 

aminotransferas (AST), alanine aminotransferas (ALT), AST/ALT 

ratio and alkalin phosphatase  (ALP) activity of patient and control 

groups were distorted as shown in Table (5-4) and Figs. (5-4 (1,2 & 

3)), (5.5 (1 & 2)). 

Table (5-4) and Figs. (5-4 (1,2 & 3)) demonstrated that there 

were an extremely significant decrease in total protein, albumin 

concentrations and albumin/globulin ratio when compared between 

healthy and patient groups (p<0.05), with the most decreased in HCC 

group inspite of the extremely significant increase in serum globulin 

(p<0.05).  In Table (5-4) and Fig. (5-4-3) total and direct bilirubin 

showed significant increase between healthy and patient groups 

(p<0.05). In aspartate aminotransferas (AST), alanine aminotransferas 

(ALT), AST/ALT ratio and alkalin phosphatase (ALP) showed 

significant increase (p<0.05) except in case of HCC there was no 

significant increase in ALP comparing with healthy one (Figs. 5-5 (1 & 

2). 
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Table (5-4): Mean values ±SE of liver functions tests (T. protein, Alb., 

Globulin, A/G ratio, T. biliruben, D. biliruben levels; AST, 

ALT, and Alp activity and AST/ALT ratio) in control and 

patient groups.  
 

Measured 

Parameter 
Groups 

Control 

n=24 

Steato-

hepatitis 

n=16 

CH 

n=17 

Cirrhosis 

n=12 

HCC 

n=7 

T.protein 

(g/dl) 

7.2a±0.01 6.7b±0.1 6.7b±0.1 6.7b±0.1 6.2c±0.2 

Albumin 

(g/dl) 

4.1a±0.01 3.2b±0.1 3.2b±0.5 3.3b±0.2 3.1b±0.2 

Globulin 

(g/dl) 

3.1b±0.01 3.5a±0.1 3.5a±0.03 3.6a±0.1 3.1b±0.1 

A/G ratio 1.4a±0.02 0.9b±0.03 0.9b±0.02 0.92b±0.04 1.0b±0.1 

T.bilirubin 

(mg/dl) 

0.3b±0.01 1.2a±0.2 1.1a±0.1 1.0a±0.1 1.2a±0.3 

D.bilirubin 

(mg/dl) 

0.1a±0.01 0.5b±0.05 0.5b±0.05 0.4b±0.04 0.4b±0.1 

AST 

(IU/ml) 

12.4b±0.6 58.5a±4.7 63.4a±4.4 67.0a±7.2 51.6a±9.6 

ALT 

(IU/ml) 

15.3b±6.6 69.4a±6.0 79.4a±7.5 85.9a±11.9 35a±5.5 

AST/ALT ratio 0.8b±0.01 0.9b±0.1 0.8b±0.05 0.86b±0.08 1.4a±0.1 

ALP 

(IU/ml) 

32.5b±1.0 117.6a±13 131.0a±11 111.6a±12.6 59.0b±7.5 

Values with the same letters considered insignificant ( p > 0.05 ). 

(n) number of samples. 

CH: Chronic Hepatitis. 

HCC  hepatocellular  carcinoma. 
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  Fig. (5-4-1): Shows mean ±SE of serum total protein, Albumin and 

Globulin concentrations in patient and control groups. 
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     Fig. (5-4-2): Shows mean ±SE of albumin /globulin (A/G) ratio in 

patient and control groups. 
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     Fig. (5-4-3): Shows mean ±SE of total bilirubin and direct bilirubin in 

patient and control groups. 
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Fig. (5-5-1): Shows mean ±SE of serum AST, ALT and ALP activity 

of patient and control groups. 
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Fig. (5-5-2): Shows mean ±SE of serum AST/ALT ratio in patient 

and control groups. 
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5.4.2.3. Changes in serum hormone levels: 

The results of the present study showed a significant decrease 

(P<0.05 and P<0.001) in serum testosterone level and testosterone/ 

estradiol ratio in patients with different liver status when compared 

with control. Serum testosterone level was significantly lower (P<0.05 

and P<0.001) in patients with cirrhosis than other patient groups. On 

the other hand, there was a significant increase (P<0.01 and P<0.001) 

in serum estradiol level in all groups compared with control. Serum 

testosterone/ estradiol ratio was significantly higher (P<0.01 and 

P<0.001) in patients with steatohepatitis than other patient groups, 

Table (5-5) and Fig. (5-6). 
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Table (5-5): Mean values ±SE of serum hormone levels (Testosterone 

and Estradiol-17B Levels and Testosterone/Estradiol ratio) 

in control and patients groups. 

 

 

Measured 

Parameter 

Groups 

Control 

n=24 

Steato-

hepatitis 

n=16 

CH 

n=17 

Cirrhosis 

n=12 

HCC 

n=7 

Testosterone 

(ng/dl) 
513

a
±13.7 459.5

b
±29 256.6

c
±16 112.5

d
±13 195

c
±25.8 

Estradiol 

(pg/dl) 
23.6

b
±1.5 44.4

a
±3 46.99

a
±3.7 51.7

a
±5.08 39.6

a
±5.2 

T/E ratio 25
c
±1.7 11.7

b
±2 6.0

c
±0.6 2.4

c
±0.3 5.6

c
±1.0 

 

Values with the same letters considered insignificant ( p > 0.05 ). 

(n) number of samples. 

CH: chronic hepatitis. 

HCC:  hepatocellular  carcinoma. 
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Fig. (5-6): Shows mean ±SE of serum testosterone, estradiol levels and 

testosterone/estradiol (T/E) ratio in patient and control 

groups. 
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5.4.2.4. Changes in trace element levels: 

The results showed a significant decrease (P<0.001) in serum 

Zn level in patients when compared with control; a significant decrease 

(P<0.05) in cirrhosis compared with other patient groups. Also, a 

significant increase (P<0.01 and P<0.001) in serum Cu level and 

Cu/Zn ratio in different groups compared with control group, Table (5-

6) and (Fig.5-7). Serum Cu level significantly decreased (P<0.05) in 

chronic hepatitis compared with cirrhosis and HCC. On the other hand, 

serum Cu/Zn ratio significantly increased in cirrhosis compared with 

other patient groups, (P<0.05 and P<0.001). 
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Table (5-6): Mean values ±SE of elements (Zinc and copper 

concentration and Copper/Zinc (Cu/Zn) ratio in control and 

patient groups. 

 

Measured 

Parameter 

Groups 

Control 

n=24 

Steato-

hepatitis 

n=16 

CH 

n=17 

Cirrhosis 

n=12 

HCC 

n=7 

Zinc  

(ug/dl) 
101

a
±2.2 71.5

b
±4.0 73.39

b
±3.1 66.3

c
±0.7 83.2

b
±3.5 

Copper  

(ug/dl) 
78.8

c
±2.7 150.6

b
±9 136.2

b
±4.5 164.1

a
±12 174.4

a
±8.5 

Cu/Zn 

ratio 
0.8

c
±0.01 2.3

b
±0.2 1.93

b
±0.14 3.0

a
±0.5 2.1

b
±0.1 

Values with the same letters considered insignificant (p > 0.05). 

(n) number of samples. 

CH: chronic hepatitis. 

HCC: hepatocellular carcinoma. 
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Fig. (5-7): Shows mean ±SE of serum Zn and Cu levels and copper/ zinc 

(Cu/Zn) ratio in patient and control groups. 
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5.4.3. Prediction of liver disease by regression analysis: 

5.4.3.1. Regression analysis prediction of each group: 

Table (5-7) showed that variation in zinc level in healthy groups 

may due to the variation copper/zinc ratio and/or variation in both 

copper and copper/zinc ratio. In steatohepatitis group, the variation in 

zinc level may due to the variation in the disease group itself, copper 

and/or copper/zinc ratio; revealing that zinc content in serum can be 

used to detect steatohepatitis group. 

In chronic hepatitis changes in zinc content in serum may 

correlate with changes in copper and/or copper/zinc ratio (Table 5-7). 

while changes in serum zinc level in cirrhosis groups may due to 

changes in group itself, copper and/or copper/zinc ratio, revealing that 

zinc content in serum may be used for the detection of cirrhosis. 

In case of control group as shown in Table (5-8), copper 

changes may due to the variation in both zinc and copper/zinc ratio. 

In steatohepatitis group, the variation in copper level may due to 

the variation in either the disease group, zinc and/or copper/zinc ratio; 

revealing that copper content in serum may be used to detect 

steatohepatitis hepatitis groups (Table 5-8).  

In chronic hepatitis changes in copper content in serum may be 

correlated with changes in zinc and/or copper/zinc ratio (Table 5-8). 

While changes in serum copper level in cirrhosis may due to changes 

in group itself, zinc and/or copper/zinc ratio, revealing that copper 

content in serum may be used for detecting cirrhosis group. At last, in 
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HCC group the variation in copper level may correlate with changes in 

either copper/zinc ratio and/or copper, revealing that copper content in 

serum may be used for detecting HCC group (Table 5-8). 

Table (5-9) showed that variation in copper/zinc level in serum 

of healthy group may due to the variation in copper and/or zinc. In 

steatohepatitis group, the variation in copper/zinc ratio may due to the 

Variation in the disease group itself, zinc and/or copper; revealing that 

copper/zinc ratio can be used to detect the steatohepatitis hepatitis 

groups.  

While changes in serum copper/zinc ratio in serum of cirrhosis 

group (Table 5-9) may due to changes in the group itself, zinc and/or 

copper, revealing that copper/ zinc ratio can be used for the detection 

of cirrhosis group. 

Table (5-9) showed that variation in copper/zinc ratio in HCC 

group may be due to the variation in copper and zinc. 

Table (5-10) showed that the variation in testosterone level in 

serum due to changes in the group itself and/or individual age; 

revealing that testosterone level in serum can be used to detect the 

healthy ones. 

However, the variation in testosterone level in serum may due to 

variation in the group itself, testosterone/estradiol ratio and/or 

estradiol, that mean steatohepatitis group of patients can be detect by 

using testosterone level in serum.  
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Table (5-10) also, showed that variation in testosterone may due 

to age of individual and/or zinc, estradiol and/or testosterone/estradiol 

ratio in chronic hepatitis. In cirrhosis group variation in testosterone 

hormone in serum may be due to variation in testosterone/estradiol 

ratio and/or estradiol level. 

In HCC group variation in testosterone hormone level in serum 

may be related to changes in age and zinc serum levels Table (5-10). 

In Table (5-11) changes in estradiol hormone level may be due 

to changes in testosterone hormone levels, and/or testosterone/estradiol 

ratio in healthy group. 

In steatohepatitis group (Table 5-11) the variation in estradiol 

hormone level may be correlated with the group itself testosterone/ 

estradiol ratio and/or testosterone level, revealed that steatohepatitis 

can be detected using the estradiol hormone level. 

However, in chronic hepatitis (Table 5-11) the change in 

estradiol hormone level may be correlated with changes in copper/zinc 

ratio, testosterone hormone level and copper. 

In cirrhosis group, estradiol hormone level changes in changes 

in zinc content. Changes in estradiol hormone level in HCC group may 

be correlated with changes in testosterone/ estradiol ratio and age as 

shown in Table (5-11). 

Table (5-12) showed that in healthy group changes in 

testosterone/ estradiol ratio may be correlated with changes in 

testosterone and/or estradiol levels. 
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In steatohepatitis group (Table 5-12) changes in testosterone/ 

estradiol ratio may be correlated with changes in group, testosterone 

and/or estradiol levels in serum, revealing that changes in testosterone/ 

estradiol ratio can be used in the prediction of steatohepatitis group. 

In chronic group variation in testosterone/estradiol ratio (Table 

5-12) correlated with changes in zinc values, testosterone and/or 

estradiol hormones levels. In cirrhosis group (Table 5-12). Changes in 

testosterone estradiol ratio are correlated with changes in testosterone 

and/or estradiol hormone levels. 

In HCC group (Table 5-12) changes in testosterone/estradiol 

ratio correlated with age and/or estradiol hormone level. 

5.4.3.2. Regression analysis prediction between healthy and 

patients groups: 

It had been found that changes in zinc serum content may be 

due to changes in copper/zinc ratio, copper content in serum, estradiol 

content in serum, patient group, and/or age (Table 5-13). That finding 

revealed that patient group can be detected from healthy one by 

determination of zinc serum content in general infected groups 

compared with healthy individuals patients. 

At the same time, it had been found that changes in copper 

content in serum may be due to patients group with changes in 

copper/zinc ratio and/or with zinc content in serum, testosterone 

hormone in serum or with testosterone/estradiol ratio (Table 5-14), 
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revealing, obviously, that patient groups can be detected form healthy 

one by serum copper determination.  

Table (5-15) showed that changes in copper/zinc ratio 

dependent on zinc or copper content and testosterone/ estradiol ratio in 

serum. 

 Table (5-16) showed that changes in testosterone content in 

serum mainly dependent on changes between healthy and patient 

groups and in some extent on testosterone /estradiol ratio and/or copper 

content in serum. 

At the same time changes in estradiol serum content mainly 

dependent on testosterone/estradiol ratio, zinc content and/or patient 

group (Table 5-17). That finding revealing that changes in estradiol 

content in serum can be used to detect patient individuals. 

Table (5-18) showed that changes in testosterone/estradiol ratio 

in serum depended on copper, copper/zinc ratio contents in serum, 

testosterone serum content and on changes in estradiol content. 

5.4.3.3. Regression analysis prediction between all groups: 

Table (5-19) showed that the changes in zinc content in serum is 

dependent on changes in group of patient either or copper content in 

serum, copper/zinc ratio, estradiol hormone level in serum, and/or 

testosterone/estradiol ratio. Revealing that group of patient can be 

detected by using zinc content in serum. 

However, changes in copper content in serum mainly dependent 

on changes in groups of patients, copper/zinc ratio, zinc content in 
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serum, testosterone hormone content in serum and/or 

testosterone/estradiol ratio (Table 5-20). This revealed that patient 

groups can be detected by using changes in copper content in serum.  

Table (5-21) showed that the changes in copper/zinc ratio are 

dependent in changes in zinc, copper content in serum, testosterone/ 

estradiol ratio and/or estradiol hormone content in serum. 

 Table (5-22) showed that changes in testosterone 

hormone content in serum may be mainly dependent on changes in 

group of patient testosterone/estradiol ratio and/or copper content in 

serum. Revealing that testosterone level in serum may be used to 

predict patient group. 

Table (5-23) showed that changes in estradiol in serum may be 

due to changes in patient groups, testosterone/estradiol ratio and/or 

zinc content in serum. Revealing that estradiol hormone content in 

serum can be used to detect patient group. 

However, changes in testosterone/estradiol ratio in serum are 

mainly dependent on changes in testosterone hormone level in serum, 

estradiol hormone level in serum, copper content in serum, copper/zinc 

ratio and/or zinc content in serum (Table 5-24).  

Generally it had been shown that patient group can be detect by 

using either zinc content in serum, copper content in serum, 

testosterone hormone content in serum, or estradiol hormone content in 

serum. 
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5.4.4. Statistical equation that could be applied for detection of 

liver status: 

However, the kind of liver status (Y) can be detected by 

applying the previous stated equations as the following: 

5.4.4.1. In healthy group (Group 1): 

Since: 

Testosterone = 1035.63 – 64.51 Group (1) – 9.35 Age  

Then: 

Group = 16.05 – 0.02 Testosterone – 0.15 Age                                                                                                                                          

1±36.42   (1/1)        

5.4.4.2. In steatohepatitis hepatitis group (Group 2): 

Since :-  

Zinc = 118.71 – 23.14 Group (2) + 0.33 copper – 22.47 

copper/zinc ratio                       

Then :-  

Group (2) = + 5.13 + 0.09 zinc +0.014 copper + 0.87 copper/zinc 

ratio       2±10.88  (2/1). 

And since:- 

Testosterone = -79.41 – 177.40Group (2) -7.82 Estradiol + 33.16 

Testosterone/ estradiol ratio  
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Then:- 

Group (2) = -0.45 +0.01 Testosterone – 0.04 Estradiol + 0.19 

testosterone/ estradiol ratio     2±0.14   (2/2)  

And since :-  

Estradiol = -1.70 + 25.16 Group (2) + 0.08 testosterone – 3.52 

Testosterone/ estradiol ratio  

Then :- 

Group (2) = -0.07 -0.07 Estradiol –0.003 testosterone + 0.14 

testosterone/ estradiol ratio         2±10.28   (2/3) 

And since:-  

Testosterone/ estradiol = -2.67 + 7.17 Group (2) + 0.02 

Testosterone -0.25 estradiol  

Then:-  

      Group (2) = 0.37 –0.28 Testosterone/Estradiol -0.003 testosterone –

0.04 estradiol         2±2.65   (2/4) 

5.4.4.3. In cirrhosis group (Group 4): 

Since:- 

Zinc = -57.60 +29.74 Group (4) +0.33 Copper – 16.54 Copper/ 

Zinc ratio 
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Then:- 

Group (4) =1.94 – 0.15 zinc – 0.01 copper + 0.33 copper – 

16.54 copper/ zinc ratio 

Then:- 

Group (4) =1.94 –0.15 zinc –0.01 copper +0.56 copper/zinc ratio

       4±10.31(4/1). 
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6. DISCUSSION 

Several studies demonstrated that HCV is the predominant 

cause of chronic liver disease (CLD) in Egypt and suggest there is a 

large underlying reservoir of HCV-caused liver disease. The high 

baseline prevalence of infection with hepatitis viruses in Egypt 

makes it difficult to establish a disease association. For example, 

HCV sero-prevalence increases with age to about 40% in healthy 

people in their forth and fifth decades Strickland et al., (2002).  Ray 

et al., (2000) concluded that the Egyptian HCV epidemic is 

composed of multiple lineages of genotypes 1 and 4. Despite a large, 

geographically diverse sample and molecular analysis of 3 genomic 

regions, we were unable to discover any regional associations that 

would suggest a pattern of spread. One explanation for the lack of 

such a pattern might be simultaneous dissemination of multiple HCV 

strains to the entire population, as might occur in a vaccination or 

nation wide treatment program that involves injection. Patel et al., 

(2005) demonistrated that chronic hepatitis C (CHC) and steatosis 

are common entities that have the potential to interact synergistically 

and result in significant morbidity. Steatosis (fatty liver) is frequently 

observed in CHC and seems to have a significant impact on the 

natural history of the disease with respect to development of fibrosis 

and reducing the virologic response to the therapy. After middle age 

(35-45 years old), the HCV seroprevalence stabilizes at this level 

(Yates et al., 2009). Tanaka et al., (1996) demonstrated 

that HCV infection, particularly type 1b infection, plays an important 

role in the development of HCC among the Japanese. In chronic 

hepatitis C (CHC) patients, the prevalence of steatosis ranges from 

40% to 86% (mean, 55%). Hepatic steatosis in patients with CHC is 

a common finding. Approximately 55% of these patients develop 

some degree of hepatic steatosis, but the majority (75%) will have 

http://jid.oxfordjournals.org/search?author1=Stuart+C.+Ray&sortspec=date&submit=Submit
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less than 30% parenchymal involvement (Asselah et al., 2006). A 

study from Spain found that 34% of patients with coexistent non 

alcoholic steatohepatitis (NASH) and CHC were obese, whereas no 

obesity was observed in patients without evidence of non alcoholic 

fatty liver disease (NAFLD)  (Solis-Herruzo et al., 2005). Steatosis 

is confirmed as significantly and independently associated with 

fibrosis in CHC. Hepatic inflammation may mediate fibrogenesis in 

patients with liver steatosis  Leandro et al., (2006). 

Abdelgawad , (2007) reported that serum cholesterol, alpha 

fetoprotein (AFP) and uric acid levels and AST, ALT and 

prothrombin activities may be of value in diagnosis of  NAFLD and 

in the possible differentiation between steatosis and steatohepatitis.  

6.1. Blood picture in hepatic insufficiency: 

No universally accepted normal range exists for most 

components of the peripheral blood count. In addition, a number of 

factors are known to affect both the peripheral blood count and the 

prevalence of HCV infection. HCV-infected persons were more 

likely to have low neutrophil and platelet counts in a representative 

sample of the general population after accounting for factors known 

to affect both peripheral blood cell counts and HCV infection. These 

general population data contribute substantially to our understanding 

of the relationship between HCV infection and the peripheral blood 

count and indicate the prevalence of HCV infection is substantially 

increased among patients with moderate reductions in neutrophil and 

platelet counts. One potential implication of these data is that persons 

with unexplained neutropenia or thrombocytopenia should be tested 

for HCV infection. In Streiff et al., (2002) study, more than 20% of 

patients with neutrophil counts below 1.0 x 10
9
/L or platelet counts 

less than 100 x 10
9
/L had HCV antibodies. In addition, all anti-HCV-

positive patients with counts below these thresholds had HCV-RNA 

http://www.gastrojournal.org/article/S0016-5085(06)00563-4/abstract
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in their blood, a positive predictive value for ongoing HCV infection 

of 100%. Identification of persons with HCV infection is important 

because effective treatment exists and most HCV-infected persons 

are not aware of their infection (Pawlotsky, 1999). It is well known 

that hepatitis C is a lymphotropic virus and is able to infect 

mononuclear cells in peripheral blood. Chronic hepatitis C infection 

is associated with various lymphoproliferative disorders and the most 

commonly reported association is mixed essential cryoglobulinemia. 

More than 95% of patients with mixed cryoglobulinemia have 

evidence of exposure to hepatitis C virus (Gordon, 1996).  

The present data showed a highly significant decrease in red 

blood count, heamoglobin concentration, packaged cell volume, and 

platelets count when we compare those of healthy group with those 

of different stages of infected groups.  

It was declared that aplastic anaemia- a syndrome of bone 

marrow failure occurring two to three months after an episode of 

acute hepatitis- cases are associated  with exposure to viruses like 

hepatitis A virus (HAV), HBV, HCV, hepatitis G virus (HGV), 

estipan bar virus (EBV) and human immunodeficiency virus (HIV) 

(Young, 1999).  

Later, Shenoy et al., (2002) reported that aplastic anaemia is a 

rare complication of hepatitis and the outcome is uniformly poor if 

left untreated.  In untreated hepatitis C patients, both prevalence and 

severity of thrombocytopenia increase in parallel with the extent of 

the disease, usually becoming clinically relevant when patients 

develop extensive fibrosis and/or cirrhosis (Weksler, 2007). This is 

in agreement with the present results. Also, Hayat et al., (2009), 

studied the haematological side effects of antiviral treatments in 

patients with chronic hepatitis C, started with males their mean 

heamoglobin levels was 13.0 g/dl (range 11.0- 16.0g/dl), which is 
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low, before treatments. They founded a significant decreases in Hb 

conc. after 12 weeks and 24 weeks of treatments. Streiff et al., 

(2002) showed that no significant differences were noted in the 

hemoglobin distribution between anti-HCV–positive and –negative 

HCV subjects. Similarly, in this study no significant differences were 

detected between anti-HCV–positive and –negative individuals in 

hematocrit, mean corpuscular volume, mean corpuscular 

hemoglobin, mean corpuscular hemoglobin concentration. Balan et 

al., (2005) HCV-infected patients receiving pegylated 

interferone/ribavirin (PEG-IFN/RBV) therapy have reductions in 

hemoglobin (Hb), platelets, and white blood cells (WBCs), possibly 

due to bone marrow suppression. On the contrary, this study data are 

not in agreement with the results of Ufearo et al., (2010) who 

concluded that previously undiagnosed HCV seropositivity has little 

effect on the complete blood count and body iron stores but appears 

to perturb the response to and inflammatory stimulus. A highly 

significant decrease in total leucocyte count was recorded in this 

study. At the same time, Hwang and Liang, (2010), concluded that 

hepatitis C is associated with development of haematological 

diseases ranging from immune thrombocytopenia to lymphoma and a 

combination of pegylated interferon and ribavirin is the standard 

therapy in hepatitis C infected haematological patients. Suwantarat 

et al., (2010), found that sustained virologic response (SVR) 

independently associated with weight loss during therapy, and 

leukopenia at the end of HCV treatment. Hayat et al., (2009) 

founded a transient significant decrease in leukocyt counts after 12 

weeks of hepatitis treatment. A highly significant decrease in 

segmented neutrophile persent and the unsignificant increase in 

unsegmented neutrophile correlated with  Soza et al., (2002) who's 

results showed that neutropenia is frequent during treatment of 

hepatitis C with interferone and ribavirin, but it is not commonly 
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associated with infections. While the present data correlates with 

Falcon et al., (2005) who suggested that under certain conditions 

HCV induces apoptosis in the absence of liver injury. The obtained 

results showed a significant increase in lymphocyte percent, this is in 

correlation with that obtained by Mohamed and Kassab, (2007). 

They concluded that there was a role of lymphocyte activation in the 

establishment of HCV healthy carrier state. Previously, Grungreiff et 

al., (1999) investigated the importance of the immune system (T-

lymphocytes) in the pathogenesis of chronic HCV infection. Lately, 

Valli et al., (2006) declared that the B-lymphocytes are the only 

immunological cells invaded by HCV while Mohamed and Kassab, 

(2007) suggested that a possible invasion of neutrophil progenitor by 

the virus. Streiff et al., (2002), indicated that HCV infection is 

associated with low neutrophil and platelet counts, but not anemia, in 

the general population of the United States. The pathophysiology of 

thrombocytopenia in patients with chronic liver disease resulting 

from HCV infection is complex and involves several complementary 

mechanisms that may act in concert. Pathogenetic mechanisms 

comprise hypersplenism secondary to portal hypertension, bone 

marrow suppression resulting from  either HCV itself or interferon 

treatment aberrations of the immune system provoking the formation 

of antiplatelet antibodies and/or immune complexes that bind to 

platelets and facilitate their premature clearance, cross-reactivity of 

antiplatelet glycoprotein antibodies and viral antigens (antigenic 

mimicry) (Weksler, 2007 and Liebman, 2007). Thrombocytopenia is 

a common complication in patients with chronic liver disease. A 

platelet count less than 150.000/μL has been observed in up to 76% 

of patients. Moderate thrombocytopenia (platelet count ranging from 

50,000 to 75,000/μL) occurs in approximately 13% of patients with 

cirrhosis. The mechanism of these cytopenias is unclear, but has been 

proposed to involve hypersplenism or autoimmune processes (Afdhal 
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et al., 2008). Jeffery et al., (2010), decleared that the bone marrow 

dysfunction is likely an additional factor for clinicians to consider 

when evaluating a HCV-infected individual with abnormal peripheral 

cell counts. Abdallah et al., (2010) reported that the presence of a 

function of interleukins 10 and 12 at lower platelet levels together 

with other factors and further studies are still required to confirm and 

explain this relationship. It is interesting to note that neutropenia and 

thrombocytopenia were associated with several markers of severe 

liver disease such as an elevated serum bilirubin or globulin level or 

a low serum albumin, and that neutropenia and thrombocytopenia 

can be found in patients with cirrhosis of many etiologies (Bashour 

et al., 2000). It was reported that longer interval between diagnosis 

and treatment, low serum albumin and low platelet count at start of 

interferon therapy is associated with treatment failure in chronic 

hepatitis C patients (Sarwar and Tarique, 2010).  

6.2. Liver function in hepatic insufficiency:           

Serum liver function tests have been widely used as sensitive 

laboratory parameters in clinical practice to evaluate the degree of 

liver injury (Anand and Velez, 2004 and Lackner et al., 2005). The 

various uses of Liver function tests include: 

Screening : They are a non-invasive yet sensitive screening modality 

for liver dysfunction. 

Pattern of disease : They are helpful to recognize the pattern of liver 

disease. Like being helpful in differentiating between acute viral 

hepatitis and various cholestatic disorders and chronic liver disease. 

(CLD). 

 Assess severity : They are helpful to assess the severity and predict 

the outcome of certain diseases like primary biliary cirrhosis. 
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Follow up : They are helpful in the follow up of certain liver diseases 

and also helpful in evaluating response to therapy like autoimmune 

hepatitis (Thapa and Walia, 2007). 

Albumin (A) is emerging as a versatile protein carrier for drug 

targeting and for improving the pharmacokinetic profile of peptide or 

protein-based drugs. Albumin is the most abundant plasma protein 

(35–50 g/L human serum) with a molecular weight of 66.5 kDa. Like 

most of the plasma proteins, albumin is synthesized in the liver 

where it is produced at a rate of approximately 0.7 mg/h for every 

gram of liver (i.e. 10–15 g daily); Human serum albumin (HSA) 

exhibits an average half-life of 19 days The functions and binding 

properties of HAS are multifold :  

a) It acts as the solubilizing agent for long chain fatty acids and is 

therefore essential for the metabolism of lipids. 

b) It binds bilirubin, the breakdown product of heme.  

c) It binds a great number of therapeutic drugs such as penicillins, 

sulfonamides, indole compounds, and benzodiazepines to name 

just a few. 

d) It binds copper and nickel in a specific and calcium and zinc in a 

relatively nonspecific manner and acts as the transport vehicle for 

these metal ions in the blood. 

e) It is the major protein responsible for the colloid osmotic pressure 

of the blood. 

f) When HSA is broken down, the amino acids provide nutrition to 

peripheral tissue (Peters, 1985).  Albumin is an acidic, very 

soluble protein that is extremely robust: it is stable in the pH 

range of 4–9, soluble in 40% ethanol, and can be heated at 60 °C 

for up to 10 h without deleterious effects. These properties as well 

as its preferential uptake in tumor and inflamed tissue, its ready 
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availability, its biodegradability, and its lack of toxicity and 

immunogenicity make it an ideal candidate for drug delivery 

(Kratz, 2008). The serum albumin levels are typically depressed 

in patients with cirrhosis and ascites. In patients with or without 

ascites, the serum albumin level correlates with prognosis 

(Mizuno et al., 1996). 

The present study showed an extremely significant decrease in 

serum total protein and albumin. This correlated with Burtis and 

Ashwood, (1994) who declared that protein synthesis depression and 

metabolism in patients with chronic liver diseases is a sequence of 

impaired hepatic function. Also, Dufour, (1998) declared that in 

chronic hepatitis albumin gradually falls with progress to cirrhosis. 

Sherlock and Dooley, (2002) explained these results by the decrease 

in hepatic synthesis of protein because all albumin and fibrinogen as 

well as 60-80% of globulines are formed inside the liver. 

Akhtar et al., (2008) noted in their study that the values of 

albumin in cirrhotic HCV patients were significantly lower and 

globulin levels were significantly higher than those in non-cirrhotic 

HCV patients. The results obtained from this study showed that 

globulin was found in extremely significant increase in cases of 

steatohepatitis, chronic hepatitis and cirrhosis than that of healthy 

and HCC groups.  Globulins increased in cirrhosis, due to shunting 

of bacterial antigens in portal venous blood away from the fibrotic 

liver to lymphoid tissue, which induces immunoglobin production 

(Triger and Wright, 1973).  Akhtar et al., (2008), also found the 

difference between A/G ratio of cirrhotics and non-cirrhotics (0.60  

vs 1.46) was highly significant. Similar results were also reported by 

Luo et al., (2002). It was found that there was a significant decrease 

in albumin/globulin (A/G) ratio in all groups of patient when 

compared with healthy one. But there was no significant differences 

between patient groups. After all, Lutfullah et al., (2009), concluded 
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that there was no significant differences in total protein, albumin, 

globulin, albumin/ globulin ratios, and serum bilirubin levels of 

symptomatic and asymptomatic HCV patients. The increase in 

alkaline phosphatase in hepatobiliary disorders is a reflection of 

cholestasis. Cholestasis is the disruption of bile flow by impaired bile 

formation or impede the flow through the biliary tree. Most liver 

diseases cause cholestasis by disrupting intracellular transport 

mechanisms or by altering the small interlobular bile ducts. Under 

the influence of cholestasis, hepatocyte produces an excess number 

of substances whose serum concentration increases: alkaline 

phosphatase and gamma-glutamyl transferase (γ-GT). If elevations of 

alkaline phosphatase, the assay of γ-GT is useful to confirm that this 

increase is of hepatic origin (Sotil and Jensen, 2004). 

Zidani et al., (2011) decleared that the serology of hepatitis C 

establishes the diagnosis of infection with hepatitis C and the 

presence of hepatitis C disrupts liver function including the onset of 

cytolysis, cholestasis, jaundice, thrombocytopenia, and coagulation 

disorders. The obtained results showed an extremely significant 

increase in total and direct bilirubin which correlated with the results 

obtained by Thapa and Walia, (2007) which demonstrated that 

hyperbilirubinemia in acute viral hepatitis is directly proportional to 

the degree of histological injury of hepatocytes and the longer course 

of the disease. On the contrary Bernstein, (2002) demonstrated that 

bilirubin level in serum is not sensitive indicator for liver functions 

and it may not accurately reflect the degree of liver damage. Serum 

albumin, bilirubin, and prothrombin time reflect hepatic function, but 

these values frequently remain normal in patients with compensated 

or early cirrhosis (Imbert-Bismut et al., 2001). Although, previously 

Berck and Noyer, (1994) concluded that increasing conjugated 

bilirubin are highly specific for disease of the liver or bile ducts. 

Lutfullah et al., (2009). The only significant difference found was in 
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AST, ALT and ALPs levels. The authors observed that ALT gets 

increase in 78.7% of symptomatic and 82.7% asymptomatic HCV 

patients as compared to controls, and it appeared that there was a 

close correlation between elevation in ALT and HCV infection. 

These results stated that ALT screening remains a simple and 

valuable method in the early recognition of HCV infection. Their 

finding regarding mean AST value of symptomatic HCV patients 

was statistically higher than the asymptomatic HCV patients and 

AST was raised in 70.66% of symptomatic patients and 65.33% of 

asymptomatic patients. Also, Madan et al.,(2004) concerned about 

the asymptomatic rise in the hepatic aminotransferase (ARHA) 

value , and they concluded that NASH and chronic viral hepatitis 

were the most frequent causes of ARHA. 

The extremely significant increase in aspartate 

aminotransferase observed in this study coordinate with the 

demonstration of AGA Technical Review, (2002) which declared 

that AST elevations often predominate in patients with cirrhosis and 

even in liver disease that typically have an increased alanin 

aminotransferase. Thapa and Walia, (2007) declared that liver 

disease is the most cause of increased ALT activity and a common 

cause of increased AST activity. About 80% of AST activity of the 

liver is contributed by the mitochondrial isoenzyme, whereas most of 

the circulating AST activity in normal people is derived from the 

cytosolic isoenzyme. The unsignificant increase of ALT in case of 

HCC when comparing it with that of healthy group correlate with 

Sheth et al., (1997) results which showed that elevation in ALT 

levels are greater in persons with nonalcoholic steatohepatitis than in 

those with uncomplicated hepatic steatosis. Mauro et al., (2006) 

declared that in patients with acute hepatitis C, serum ALT is 

measured periodically for about 1 to 2 years. Also, Pol et al., (1991), 

previously, demonstrated that in most types of liver disease ALT 

http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Madan+K%22.au.
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activity is higher than that of AST; an exception is in alcoholic 

hepatitis. Marcillin , (1999) demonstrated that the increase in ALT 

associated with hepatitis C infection tends to be more than that 

associated with hepatitis A or B. Also, Jukyan et al., (2008) declared 

that elevated ALT and GGT (gamaglutamyl transferase) could be 

suggested as a potential worker for metabolic syndrome. Previously, 

during the course of long-term follow-up, Ebara et al., (1999) 

examined the efficacy of interferon (IFN) in the improvement of liver 

function and prevention of hepatocellular carcinoma (HCC) in 

hepatitis C virus (HCV) associated cirrhosis patients. They 

concluded that IFN improves the liver function and may prevent the 

development of HCC even in cirrhotic patients who show complete 

response (CR) to IFN therapy. On the contrary of obtained results, 

Wang et al., (2006) demonstrated that determination of ALT and 

bilirubin does not reflect the degree of hepatic injury. Patients with 

normal baseline ALT respond equally well to combination therapy as 

is seen in patients with raised ALT (Sarwar et al., 2006). The ratio of 

aspartate aminotransferase to alanine aminotransferase (AST/ALT) 

ratio has been evaluated in previous studies, conducted on patients 

with acute and chronic liver disease (CLD) of various origins. In 

these patients, the AST/ALT ratio provided useful clinical 

information regarding both cause and severity of liver disease. Since 

this variable is readily available, easy to interpret, and inexpensive, it 

has been applied to various studies performed during the past decade. 

From the present study, the data obtained show extremely significant 

increase of AST/ALT ratio between healthy and HCC groups, while 

there was insignificant increase between healthy and other groups. 

These variations was explained by Dufour et al., (2000) who have 

shown the biological variation of ALT in chronic hepatitis, 

particularly hepatitis C, that in a study of 275 patients with confirmed 

HCV infection, the average intra-individual coefficient of variation 
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was 38% although in a quarter of patients it was less than 23%. The 

present study also was in agreement with other's like Cohen and 

Kaplan, (1979) and Diehl et al., (1984) who had shown that the ratio 

of AST to ALT is typically <1 in patients with chronic hepatitis 

(except that due to alcohol), but with progression to cirrhosis that 

ratio often increases to >1. This appears to be due to a reduction of 

ALT production in damaged liver. The lack of ALT rise is probably 

due to pyridoxine deficiency.  

Sorbi  et al., (1999) showed that The AST to 

ALT ratio appears to be a useful index for 

distinguishing nonalcoholic steatohepatitis (NASH) from 

alcoholic liver disease. Although values < 1 suggest NASH, 

a ratio of > or = 2 is strongly suggestive of  alcoholic  liver disease. 

In NASH the ratio is less than one in the absence of fibrosis on liver 

biopsy (Friedman et al., 2003). In viral hepatitis the ratio is usually 

less than one. The ratio invariably rises to more than one as cirrhosis 

develops possibly because of reduced plasma clearance of AST 

secondary to impaired function of sinusoidal cells (Park et al., 

2000). The results in cases of cirrhosis in the present study nearly 

approach 1. This may be due to the ALT of the cases of cirrhosis 

were high. This may be attributed to differences in the design of the 

study, the time of samples tacken and the physical conditions of the 

subjects during sample tacken. But in HCC group the ratio exceded 

1. This is in agreement with Giannini et al., (1999) who declared 

that an elevated ratio greater than 1 shows advanced liver fibrosis 

and chronic hepatitis C infection. Giannini et al., (2002) concluded 

that in patients with virus-related cirrhosis, the AST/ALT ratio has 

prognostic capability that is not significantly different from that of an 

established prognostic score such as Model for End-Stage Liver 

Disease (MELD). Wai et al., (2003) findings echoed results from 

many previous studies (Poynard et al., 1997 and Reedy et al., 1998), 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sorbi%20D%22%5BAuthor%5D
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which showed that platelet count, AST level, and AST/ALT ratio 

were important predictors of either significant fibrosis or cirrhosis . 

They also showed that a simple index using readily available 

laboratory results (AST to platelet ratio index (APRI)) can identify 

CHC patients with significant fibrosis and cirrhosis with a high 

degree of accuracy. Application of this index may decrease the need 

for staging liver biopsy specimens among CHC patients. Also, 

Akhtar et al., (2008) resulted that ALT values were significantly 

higher in non-cirrhotic patients and AST/ALT ratio greater than one 

in cirrhotic patients. Elevated ALT and GGT could be suggested as a 

potential worker for metabolic syndrome (Jukyan et al., 2008).  

On the contrary, Reedy et al., (1998) results
,
 supported the 

need for a liver biopsy prior to treatment of chronic HCV infection, 

since the AST/ALT ratio fails to predict accurately the presence of 

cirrhosis. 

In the present study alkaline phosphatase of steatohepatitis, 

chronic hepatitis and cirrhosis, data were extremely highly 

significant. While the HCC cases ALP were unsignificantly high. 

This is in accordance with EL-Missiry et al., (2007) who determined 

the significant elevation of ALP and AST activities in sera of liver 

injured rats. While Rosalki and Mcintyre, (1999) declared that 

mildly elevated levels of ALP may be seen in cirrhosis, hepatitis and 

congestive cardiac failure. ALP performs lipid transportation in the 

intestine and calcification in bone. The serum ALP activity is mainly 

from the liver with 50% contributed by bone (Mauro et al., 2006).  

Bernstein, (2002) demonstrated that bilirubin level in serum is 

not sensitive indicator for liver functions and it may be not accurately 

reflect the degree of liver damage. Hyperbilirubinemia in acute viral 

hepatitis is directly proportional to the degree of histological injury 

of hepatocytes and the longer course of the disease (Thapa and 
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Walia, 2007). Increasing conjugated bilirubin is highly specific for 

disease of the liver or bile ducts (Berk and Noyer, 1994). In this 

study total bilirubin may be normal in compensated cirrhosis, but 

tends to rise as cirrhosis worsens.  Rising bilirubin is a poor 

prognostic sign in primary biliary cirrhosis (Krzeski et al., 1999). 

6.3. Sex hormones and liver insufficiency: 

Chronic HCV progression may differ due to several factors. 

Other factors not yet identified may also be important. Age and 

gender: More rapid progression is seen in males older than 40-55 

(Svirtlih et a.l,  2007). Ethnic background: A slower progression has 

been noted in African-Americans (Sterling et al., 2004). HCV-

specific cellular immune response: Genetic determinants like human 

leucocyte antigen (HLA) expression (Hraber et al.,  2007). Alcohol 

intake: Even moderate amounts of alcohol increase HCV replication, 

enhance the progression of chronic HCV, and accelerate liver injury 

(Gitto et al., 2009). The primary sources of circulating sex steroids 

are the gonads, which are responsible for the well-known hormonal 

differences in males and females. The levels of endogenously derived 

hormones are not constant, resulting in varying impact on the 

cerebral vasculature over time. For example, hormone levels change 

with the onset of puberty and with reproductive senescence and 

aging. Striking fluctuations are seen with estrogen and progesterone 

over the course of the menstrual or estrous cycle and during 

pregnancy. Testosterone in males fluctuates somewhat over the 

diurnal cycle and also changes with advancing age (Harman, 2005). 

Hormone levels also are altered by stress and in various disease 

conditions. It is becoming apparent that nonreproductive tissues also 

can synthesize sex steroids (Simpson, 2003). Testosterone is 

converted by aromatase to 17-estradiol, whereas it is metabolized to 

the potent androgen dihydrotestosterone by 5- reductase. Both 

aromatase P450 and 5- reductase proteins have been found in rat 
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cerebral blood vessels, suggesting local metabolism of sex steroids 

by the cerebral vasculature. Interestingly, astrocytes, which have 

intimate contacts with cerebral resistance vessels and capillaries, 

possess all of the necessary enzymes for synthesis of progesterone, 

testosterone, and estrogen from cholesterol (Zwain and Yen, 1999). 

The present study declared that, serum sex hormones have a 

strong association with chronic liver diseases, up to HCC. It has been 

recently shown that there are multiple changes of sex hormones in 

patients with chronic liver disease particularly cirrhosis but there is 

much disagreement on the extent, nature, and etiology of these 

changes (Buvat et al., 2010).  

Regarding the hormonal assay of the present study, the 

obtained levels of total testosterone (TT) showed a significant 

decrease in decompensated chronic liver disease (CLD) patients 

(cases) when compared to control healthy group.This fall in 

testosterone level can be explained by reduced production rate  and 

the accelerated conversion of testosterone to androestendione or estrone 

in decompensated liver cirrhosis. Maruyama et al., (1991) who's 

results showed that serum free T and the T/ sex hormone binding 

globulin (SHBG) ratio decreased, while serum E2, free E2, and the 

E2/T and the free E2/free T ratios increased in liver cirrhosis, 

resulting in estrogen predominance and feminization of male patients.  

These changes were more marked in decompensated than 

compensated liver cirrhosis. An increased free E2/free T ratio was 

observed in patients with gynecomastia, palmar erythema or vascular 

spider. The T/SHBG ratio showed a positive correlation with serum 

free T, suggesting that it can be used as a free T index in liver 

cirrhosis. Also, Becker, (2001) attributed low testosterone levels to 

reduced  testicular production and this despite a decrease in 

metabolic clearance rate caused by the high sex hormone binding 
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globulin levels. These results were in agreement with El-Dahrouty et 

al., (1996) and Handelsman et al., (2006). 

Handelsman et al., (2006) conducted a study on fifty four 

patients with end stage, non alcoholic liver disease and measured 

serum free, total testosterone and SHBG to detect hypothalmo-

pituitary-testicular function in end stage non-alcoholic liver disease 

before and after liver transplantation. They found that TT decreased 

in cases when compared to control healthy group. Similarly, El-

Dahrouty et al., (1996) measured sexual function and serum sex 

hormones levels in 40 men with virus (C) chronic liver disease, 12 

men with non-viral chronic liver disease and 10 healthy control, to 

evaluate effects of hepatitis (C) virus on sexual behavior and sex 

hormonal pattern. They found that TT level significantly decreased 

with more severe liver disease (Child B & C > Child A). Also, 

Zifroni et al., (1991) reported that serum levels of total testosterone 

were reduced in men with advanced non-alcoholic liver disease to a 

degree proportional to its severity. In chronic stresses, testicular 

dysfunction is due to primary testicular failure with reduced 

production of testosterone and semen and elevated gonadotropin 

levels (Baker, 2000). Plasma levels of total and free testosterone were 

generally low in HCV-positive patients, but they were significantly 

lower in patients with erectile dysfunction and low levels of albumin 

(Ferri et al., 2002). Diab et al., (2002) declared that males with 

chronic hepatitis C virus were found to have lower levels of 

testosterone, free testosterone and higher levels of 17B-estradiol and 

follicle stimulating hormone (FSH) than controls. De Maria et al., 

(2002) have been studied the hypothesis that androgens have been 

investigated as potential factors able to induce or at least promote 

hepatic carcinogensis. This hypothesis has been also supported by the 

ability of androgens of inducing liver neoplasms in experimental 

models. Granata et al., (2002) studied the lack of response to 
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androgens and they suggested that is due to rapid metabolic 

conversion of steroids by neoplastic tissues and cells. Nguyen et al., 

(2006), recommended that screening for androgen deficiency in the 

context of hepatitis C infection should selectively target men with 

more severe liver disease or documented higher grade fibrosis and 

suggested that liver disease in hepatitis C infection modulates 

androgen status indirectly via increased SHBG. 

In the contrary, the present study shows disagreement with 

Luppa et al., (2006), who conducted a study on 33 male patients with 

cirrhosis (Child A or B) and 32 control males. They measured sex 

hormones and SHBG. They found no differences between cases and 

control in TT levels. This may be attributed to the difference of 

grades of cirrhosis between their study and the present one.  

The present study shows also disagreement with 

Kayamakoglue et al., (1995), who conducted a study on two groups 

of male patients with liver cirrhosis (23 alcoholic and 33 viral) age 

and child grade matched, and 20 age-matched healthy men as a 

control group. They detected normal TT levels. Also, the cause of 

CLD in this study was viral and bilharzial cirrhosis and alcohol was 

excluded but, in Kayamakoglue et al., (1995), the etiology was viral 

and alcoholic liver cirrhosis, who indicated that liver cirrhosis per se, 

independent of etiology, causes hypogonadism and feminization and 

that the degree of hypogonadism and feminization corelates well 

with the severity of liver failure. On the other hand, Oliveira et al., 

(1999) concluded that there was a parallelism between hepatic and 

gonadal dysfunction and hypogonadism secondary to cirrhosis of 

liver. In people with liver cirrhosis, 41% of patients had evidence of 

hypogonadism, but low testosterone was equally common in patients 

with low and normal bone mineral density (BMD) (George et al., 

2009). White et al., (2012) studied enrolled 308 HCV-positive vet-

erans. Approximately half the participants were African-American; 
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the mean age was 57 years. Those with higher serum levels of 

testosterone were at greater risk of liver fibrosis and inflammation. 

The greatest likelihood of liver damage was among those with the 

highest testosterone levels. Thus in conclusion in HCV-infected men, 

elevated serum testosterone levels are associated with an increased 

risk of both advanced liver fibrosis and inflammation. Hepatocellular 

carcinoma is more prevalent in men than in women. Estrogen may 

play some role in the development of HCC. Yu et al., (2003) 

declared that estrogen receptors exist in both mammalian and human 

livers. In experimental rats and mice, there is also a greater 

preponderance of HCC in male animals compared with the females. 

This sex difference has been observed in various animal models, 

including transgenic mice expressing hepatitis B or C viral proteins. 

Their conclusion was increased exposure to estrogen during 

adulthood may provide a protective effect against HCC. 

In cirrhotic patients, the estrogen/androgen ratio is usually 

increased. The levels of testosterone and dihydroepiandrosterone are 

reduced, while the estradiol levels are normal or slightly elevated. 

These alterations are dependent on the severity of the liver disease 

and are more pronounced in patients with higher Child–Pugh score 

(Bannister and Lowosky, 1987 and Terasaki et al., 1988). Several 

other factors may contribute to these hormonal changes in cirrhosis, 

including hepatic over production of SHBG, changed SHBG 

isoforms with different steroid-binding affinities, elevated prolactin 

levels, direct suppression of Leydig cell function by estrogens, 

increased estrogen receptors in the liver and cyclic variation in the 

severity of  the liver illness producing the hormonal changes of 

gynecomastia. It must be kept in mind that the gynecomastia and 

impotence of cirrhotics are augmented by the chronic use of 

spironolactone, a receptor antagonist of aldosterone and testosterone, 

which reduces the testosterone levels and slightly increases the levels 
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of estradiol (Karagiannis and Harsoulis, 2005). Abnormally high 

plasma levels of estradiol (E2) and changes in free testosterone 

(biologically active) ratio have been associated with pubertal or post-

pubertal gynecomastia, particularly in older individuals and in 

patients with chronic liver disease or hyperthyroidism (Robert et al., 

2000). This ratio noted in aging, cirrhosis, and hyperthyroidism. 

Tanaka et al., (2000) concluded that it is conceivable that estrogens 

may exert both promoting and inhibitory effects on human 

hepatocarcinogensis depending on dose, type of endogenous or 

exogenous origin, sex, and presence or absence of hepatitis virus 

infection. The results obtained by Tanaka et al., (2000) indicated 

that elevated serum testosterone, together with decreased serum 

estrogens, may promote the development of HCC in cirrhosis 

patients. Mean serum testosterone levels were significantly low 

among HCC patients as well as among patients with metastatic liver 

cancer (MLC) free compared to control, and changes in sex steroid 

levels among patients with liver damage are due to the liver damage 

per sex and not to specific disease processes (Hannah et al., 2001).  

This was in agreement with the data obtained, in which testosterone 

level in HCC group begin to elevate (early stages of HCC).  

Data from the present study represented that E2 was 

significantly increased in cases with decompensated CLD when 

compared to control healthy group. This can be explained by 

increased conversion from testosterone and androestendione, as they 

by pass the liver in porto-systemic shunt and are available to be 

aromatized by aromatase enzyme (Marshal and Bangert, 

1995).These results were in agreement with Cavanaugh et al., 

(1990), Kayamakoglue et al., (1995) and Luppa et al., (2006). 

Cavanaugh et al., (1990) conducted a study on 18 severely 

cirrhotic subjects and 18 non-obese age matched control subjects for 

the prevalence of gynecomastia, and also they measured sex 
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hormones in these subjects. They found that E2 level was increased 

in cirrhotic subjects, when compared to the other control group. 

Shimizu, (2003) showed that E2 suppressed hepatic fibrosis. 

Estradiol (E2) is an antioxidant, and idoxifene is a tissue-specific 

selective estrogen receptor modulator. Lu et al., (2004) studied the 

antioxidant and antiapoptotic role of idoxifene and E2 in the DMN 

model rats of hepatic fibrosis. The DMN model rats were 

administered with idoxifene or E2, and were examined for the 

activity of SOD and glutathione peroxidase (GPx) and expression of 

Bcl-2 family proteins in the liver. They found that  idoxifene and E2 

suppressed DMN-mediated necrosis, lipid peroxidation, the loss of 

antioxidant enzyme activity, and proapoptotic status in Bcl-2 family 

protein expression as well as hepatic fibrosis. These findings indicate 

that, in addition to their antiinflammatory and antifibrotic action, 

idoxifene and E2 could enhance antioxidant and antiapoptotic 

activity in hepatic fibrosis in rats. Ying Yuan et al., (2008) concluded 

that E2 may play a favorable role in the course of persistent liver 

injury by preventing the accumulation of monocytes – macrophages 

and by inhibition proinflamandory cytokine production.  

On contrary to this study results, El-Dahrouty et al., (1996) 

found that E2 was significantly raised, but it was within normal 

ranges, in cases when compared to control group. This difference 

with our study may be due to difference in number of studied 

population and their grade of severity liver disease. 

The data showed that E2/testosterone ratio was significantly 

increased with relation to clinical findings in the studied patients. 

This result was in agreement with Maruyama et al., (1991) and El-

Saeed et al., (1995).  The testosterone/estradiol (T/E2) ratio was 

found to be the best prediction of HCC among hormonal 

measurements (Tanaka et al., 2000). Also, Luppa et al., (2006) 

found that T/E2 was decreased. On the other hand, Cavanaugh et al., 
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(1990) and Besi et al., (1989) found that there was significantly 

increase of E2/T ratio (this  in agreement with our results) but, with 

no relation to clinical findings (as: gynecomastia, spider navi and loss 

of body hair). Obesity and metabolic syndrome are associated with 

low serum testosterone levels. Hepatic steatosis contributes to the 

metabolic syndrome and might be regarded as its hepatic 

manifestation.The relation between steatosis and testosterone had 

been investigated by Völzke et al., (2010) who studied the 

relationship between hepatic steatosis, serum testosterone and 

dehydroepiandrosterone sulphate (DHEAS) levels in men. The 

authors declared that men with low serum testosterone levels had a 

higher risk of hepatic steatosis than men with high serum testosterone 

levels.  

6.4. Trace elements and liver insufficiency:  

Trace element abnormalities may reflect many pathological 

conditions as liver dysfunction 'cholestasis' hepatic fibrosis or liver 

regeneration (Suzuki et al., 1996). Detection of lung cancer disease 

can be detected by using nine elemental concentrations (i.e., 

chromium, iron, manganese, aluminum, cadmium, copper, zinc, 

nickel, and selenium) in urine samples and an ensemble linear 

discriminant analysis (ELDA) (Tan et al., 2010).  Zinc mostly 

remains intracellular and participates in many physiological 

mechanisms. Liver functions like urea formation require the presence 

of zinc (Gur et al., 1998). Adequate zinc status is essential for T-cell 

division, maturation and differentiation, lymphocyte response to 

mitogens, programmed cell death of lymphoid and myeloid origins, 

gene transcription and biomembrane functions, (Beck et al., 1997). 

The immune system is adversely affected by even moderate degrees 

of zinc deficiency. Severe zinc deficiency depresses immune 

function. Primary and secondary antibody responses are reduced in 

zinc deficiency and generation of splenic cytotoxic T-cells is reduced 

http://www.springerlink.com/content/?Author=Chao+Tan


Discussion 

 - 144 - 

after immunization (Baum et al., 2000). When zinc supplements are 

given to individuals with low zinc levels, the number of T-cell 

lymphocytes circulating in the blood increases and the ability of 

lymphocytes to fight infection improves. However, high dosages of 

zinc evoke negative effects on immune cells and cause alterations 

similar to those observed with zinc deficiency. Furthermore, when 

peripheral blood mononuclear cells are incubated with zinc in vitro, 

the release of cytokines such as IL-1 and -6, TNF-a, soluble IL-2-

receptor (IL-2R) and IFN-g is induced (Ibs and Rink, 2003). 

Copper deficiency can also lead to anemia, leukopenia and 

neutropenia. Osteoporosis, arthritis, arterial disease, loss of 

pigmentation and neurological problems are also associated with low 

copper levels. Other deficiency states include reduced thyroid 

function, weakened immunity and skeletal defects. Although the 

above deficiency states are serious, there have been very few cases of 

outright copper deficiency reported and most of these have been 

accompanied by factors including malnutrition, malabsorption and 

excessive gastrointestinal losses. On the other hand, copper toxicity 

is probably more common than copper deficiency. Problems with 

copper toxicity include psychological depression and schizophrenia, 

senility, epilepsy, autism, anxiety states, poor memory, mental 

fatigue, and poor concentration. Additional problems include high 

blood pressure, pre-eclampsia and post-partum psychosis. Persons 

with chronic ailments such as Parkinson’s, TB, and hypertension 

have been found to have high blood copper levels  (Turnland, 1994).  

Zinc is a component of more than 300 enzymes, involved in 

various activities, such as metabolic functions, immunity and wound 

healing (Tudor et al. 2005). Low liver zinc and high liver copper 

determine amount of fibrosis (Rodriguez et al., 1997). Majority of 

the published studies have suggested that Zn absorption was reduced 

in cirrhotic patients. Clinical studies reported that hepatitis C virus 
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related chronic liver disease patients at different stages of liver 

damage have impaired metabolism of trace elements (Loguercio et 

al., 1997). Also, Suzuki et al., (1996) declared that some trace 

elements such as copper act as cofactors against hepatic fibrosis in 

chronic liver diseases, particularly in the biosynthesis of collagen. As 

the disease progress from chronic hepatitis to liver cirrhosis, serum 

calcium, magnesium, phosphorus and zinc concentrations decrease, 

while the copper concentration increases. In the patients with 

hepatocellular carcinoma, serum concentrations of trace elements are 

similar to those of liver cirrhosis. In the patients with acute hepatitis, 

serum calcium, magnesium and zinc concentrations decrease, while 

phosphorus, iron and copper concentrations increase. These trace 

element abnormalities may reflect such pathological conditions as 

liver dysfunction, cholestasis, hepatic fibrosis or liver regeneration.  

The present study revealed that serum Zn level was 

significantly decreased in patients with HCC, chronic hepatitis and 

liver cirrhosis compared to control group, this is in agreement with 

many other studies that reported a decrease in serum Zn level in 

patients with liver diseases (Pramoolsinsap et al., 1994). Zinc has 

been closely related to the pathogenesis of chronic hepatitis C. In 

some studies the reduced zinc levels were inversely correlated with 

the degree of liver damage (Poo et al., 1995) or fibrosis (Barry et al., 

1990). Acute viral hepatitis has been associated with reduced serum 

zinc levels (Kalkan et al., 2002). Significantly decreased serum zinc 

levels were observed in patients with acute viral hepatitis compared 

with healthy controls (Fota-Markowska et al., 2002). It has also 

been reported that zinc deficiency, by causing immune system 

dysfunction, could be involved in the pathogenesis of chronic HCV 

infection (Grungreiff, 2002). 

Measurement of serum Zn level emerges as a recent 

biochemical studies in patients with chronic liver diseases (Tashiro et 
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al., 2003). There are numerous reports on the correlation between post 

hepatitis C hepatocellular carcinoma and low serum concentrations of 

zinc (Ebara et al., 2003). On the other hand, patients with chronic 

liver disease exhibit metabolic imbalances of trace elements such as 

high levels of iron and copper, and low levels of zinc, selenium, 

phosphorus, calcium and magnesium (Loguercio and Federico, 

2003). Katayama, (2004) found that the reduction in serum Zn levels 

associated with the progression of chronic liver disease. 

Ko et al., (2005-a) found that serum Zn levels were 

significantly lower in chronic hepatitis patients than in healthy 

controls, and explain their finding by decreased intake, disturbed 

intestinal absorption, and decreased serum albumin as a carrier of Zn, 

decreased storage in the liver, and increased urinary excretion. It is 

clear that the significant decrease in Zn level in different groups in 

the present study may have a role in post hepatic liver damage with a 

causative agent HCV. Ko et al., (2005-b) also found that the content 

of Cu level in plasma was significantly higher in hepatitis C patients 

compared to healthy controls. 

Zinc, copper, manganese and magnesium are essential trace 

elements whose role in liver cirrhosis and its complications is still a 

matter of research. There are contrary reports about their serum 

concentrations in patients with liver cirrhosis (Dario et al., 2006). 

The present results showed that serum Zn levels showed non-

significant changes in cirrhosis compared with HCC, however, serum 

Zn level was reported to be distorted in HCC and in cirrhotic 

patients, serum Zn levels were reduced compared with those in 

healthy controls and were found to be unaffected in cirrhotic patients 

with HCC compared with those in cirrhotic patients without HCC. 

Yuasa et al., (2006), have shown that zinc may play an important 

role as a negative regulator of hepatitis C virus (HCV) replication in 

genome-length HCV RNA-replicating cells. They mentioned that 
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zinc appears to offer a novel approach to the development of future 

plans for the treatment of intractable chronic hepatitis C. 

In interferon therapy, the concomitant use of agents containing 

zinc leads to an increase in the eradication rate of HCV (Takagi et 

al., 2001).  

To our knowledge, few available Egyptian studies had 

assessed the impact of zinc on chronic viral liver disease with its 

different stages (Prasad, 2009). The present work was designed to 

evaluate the levels of zinc as important micronutrients in patients 

with chronic HCV patients, and investigate its relation to different 

stages of the post hepatitic liver damage. Mitsuhiko et al., (2006), 

reported that serum zinc concentration significantly decreased with 

the development of cirrhosis on top chronic viral hepatitis C and 

reflects the degree of liver damage. 

This is in accordance with Zakaria , (2008) who reported that 

serum zinc levels showed an inverse relation ship with the stage of 

liver fibrosis. This inverse relationship between zinc level and 

progression of liver fibrosis was also proved by Himoto et al., 

(2007). According to the severity of liver disease in previous studies, 

the correlation between the Child-Pugh Staging System and the mean 

serum zinc, there was high significant difference between Child-

Pugh Class A and Class B, as well as, high significant difference 

between Child-Pugh Class A and Class C. But, there was no 

significant difference between Child-Pugh Class B and C. These 

results support the statement that was reported by many authors as 

Powell  (2000), katayama, (2004) and Himoto et al., (2007) that zinc 

is involved in cytoprotection of hepatocytes against oxidative stress 

and that serum zinc content is reduced in various types of viral liver 

disease complicated by cirrhosis.  
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Soomro et al., (2009) reported that serum zinc level was 

significantly lower in patients with liver cirrhosis than control; 

however such observation resembled with other study conducted by 

Echejoh et al., (2008). Abbasi-Nazari et al., (2010) concluded that 

zinc level of studied cirrhotic patients is less than half of the normal 

range. This is in correlation with the data obtained in the current 

study. 

Mustoi et al., (2011) resulted that zinc was significantly 

decreased in both groups and copper remained unchanged in both 

groups of HBV patients with and without diabetes mellitus. 

Katayama, (2004) found that the reduction in serum Zn levels 

associated with the progression of chronic liver disease, and Seltzer 

et al., (1997) suggested mechanism of Zn is of a great effect on 

collagen degradation through the collagenase enzyme which is a Zn 

metalloenzyme that is closely related to collagen degradation. Low 

liver zinc and high liver copper determine amount of fibrosis 

(Rodriguez et al., 1997). The importance of trace elements in the 

process of maintaining life is well known. At present, it is recognized 

that 14 trace elements including copper, zinc and iron are essential 

for the human body. Much research has been done on the zinc 

concentration in the sera of cirrhotic patients and the results indicate 

that zinc concentration is associated with viral hepatitis, decreasing 

with the development of cirrhosis and low function of liver 

(Loguercio et al. 2001). 

Somi et al., (2007) showed that the serum level of zinc and 

Zn/Cu ratio decreased by the progression of liver damage but serum 

Cu and Fe levels did not differ significantly. There are some 

explanations for the decrease of zinc content in the serum of cirrhotic 

patients. During the cell damage and inflammation, liver cells take up 

more zinc to synthesize nucleic acid, protein and enzymes related 

with zinc. With progression of the liver damage, due to poor appetite, 
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impaired function of intestines and stomach and high pressure of the 

portal vein, the zinc intake and absorption decreases and also the low 

content of serum albumin results in less combination with zinc and 

because of the diffusion characteristic of blood zinc, it is easily lost 

through urine and sweat (Bianchi et al., 2000 and Yasuyuki et al., 

2004). 

     On the other hand, Hatano et al., (2000) reported that hepatic 

zinc levels were not significantly different between patients with 

chronic HCV infection and healthy controls and chronic HCV-

infected patients with different grades of fibrosis. Himoto et al., 

(2007) examined the effects of polaprezinc, a complex of zinc and L-

carnosine, on inflammatory activity and fibrosis in the HCV infected 

patients. They reported that Zn exerts an anti-inflammatory effect on 

the liver in patients with HCV-related chronic liver disease by 

reducing iron overload. Previously, Chaturvedi et al., (2004) 

highlighted the importance of trace element nutrition of host in not 

only optimizing immune response to infections, but also in 

preventing viral mutations which could increase viral pathogenicity. 

Also, Matsouka et al., (2009) concluded that zinc 

supplementation improved the long-term outcome in C-viral CH and 

liver cirrhotic (LC) patients. Mohammad et al., (2012) reported that 

trace elements are needed for many metabolic and physiological 

processes in the human body. Mertz, (1988) reported that alterations 

in iron (Fe), zinc (Zn) and copper (Cu) levels in the sera change 

during inflammation and infections. These are associated with ele-

vated levels of acute phase proteins, such as ceruloplasmin (Cousins 

et al., 1985, Barber and Cousins, 1988). On the conturary, Kim et 

al., (2008) study demonstrated no evidence that zinc ameliorates 

hematologic side effects, improves liver function, and enhances the 

response to the therapy in chronic hepatitis C receiving PEG-IFN-

α2b plus RBV. Previosly, Suzuki et al., (2006) studied the beneficial 
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effect of zinc supplementation on the efficacy of interferon as a 

treatment for chronic hepatitis C in hepatitis virus genotype 2, which 

is more sensitive to interferon than genotype 1b, and used consensus 

interferon (CIFN) with or without zinc, and they concluded that 

CIFN treatment combined with zinc did not enhance the effect of 

CIFN as shown by biochemical, virological criteria. Necrolytic acral 

erythema (NAE) has been described as a cutaneous marker for 

hepatitis C virus infection. Since its initial description in Egypt, more 

cases of NAE are being reported in the United States. Increased 

awareness of this entity is crucial. Oral zinc might represent a less 

toxic alternative therapeutic option for patients with NAE (Abdallah 

et al., 2005). 

Copper, an essential element in every organism in which it has 

been studied, is absorbed in the stomach and small intestine. 

Depending on the source of the biological material, copper content 

ranges from parts per billion (ppb) to parts per million (ppm). Factors 

that influence dietary copper absorption include competition by zinc, 

iron, molybdenum, lead, or cadmium. Zinc and cadmium appear to 

be the most potent inhibitors of copper absorption, possibly by 

competing with copper for transport and/or by increasing intestinal 

metallothionein concentrations. Metallothioneins are a group of 

small, heavy-metal binding proteins that serve in detoxification and 

metal buffering (Ralph and McArdle, 2001). Fructose and other 

carbohydrates, dietary cellulose fiber, and phytate were found to 

reduce the bioavailability of copper (Werman and Bhathena, 1995). 

Soy bean products used in infant formula are very rich in phytate, 

which may be of concern in infant nutrition. Animal protein in the 

diet enhanced copper absorption relative to plant protein in pregnant 

women (Turnlund et al., 1983). Once in the liver, copper is either 

incorporated into copper-requiring proteins, which are subsequently 

secreted into the blood, transported to extra-hepatic tissues by 

http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Abdallah+MA%22.au.
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albumin, amino acids, or mostly (estimates vary from 70–80%) by 

ceruloplasmin, or excreted into the bile (Ralph  and McArdle, 2001).  

Bile is the major pathway for the excretion of copper and is vitally 

important in the control of liver copper levels (Turnlund, 1998). 

Copper is a functional component of several essential enzymes, 

known as copper enzymes – cytochrome- c -oxidase,  lysyl oxidase, 

feroxidase,  2-furoate-CoA dehydrogenase, amine oxidase,  catechol 

oxidase,  tyrosinase,  dopamine beta-monooxygenase,  D-galaktozo 

oxidase,  D-hexozo oxidoreductase,  indole 2.3- dioxygenase, L-

ascorbatoxidase,  nitratreductase,  peptidylglycine monooxygenase,  

flavonol 2,4-dioxygenase,  superoxide dismutase,  peptidylglycine 

hydroxylate monooxygenase (PHM) and others (Harris, (2000). 

The present study illustrated that serum Cu was higher in 

patients with liver cirrhosis and HCC than patients with chronic 

hepatitis C. This increase was significant only for patients with HCC.  

In agreement with the present results Pramoolsinsap et al., (1994) 

who found a significantly higher serum Cu in patients with HCC and 

explained their findings by suggesting that changes in liver cell 

pathology accompanied by functional impairment which may alter 

the metabolism of Zn and Cu. Kalkan et al., (2002) determined that 

serum trace elements concentrations including serum Cu levels were 

found to be significantly higher in patients with viral hepatitis than 

control groups. Nakayama et al., (2002) declared that both serum Se 

and zinc concentrations were found to be significantly lower in viral 

hepatitis and reported that the decrease in Zn and selenium 

concentrations and the increase in Cu concentrations probably 

resulted from defense strategies of the organism and these were 

induced by the hormone like substance: The trace elements play 

important role in liver disease particularly with parenchymal liver 

degeneration. The most important trace elements in this concept are 

zinc and copper. They also introduced a new parameter, (Cu/Zn)/MT, 
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by which they could discriminate between patients in the 

(control+miscellaneous diseases+ chronic hepatitis) group and those 

in the (liver cirrhosis+hepatocellular carcinoma) group. The new 

parameter did not, however, allowed them to clearly distinguish 

between the liver cirrhosis and hepatocellular carcinoma groups.  

Also, Poo et al., (2003) and Tashiro et al., (2003) reported that 

serum levels of Cu in patients with HCC were significantly higher 

than those in patients with either liver cirrhosis or chronic viral 

hepatitis. Trace elements serum Cu and Zn levels have been reported 

to be highly sensitive in the diagnosis of some cancers and hepatic 

disorders (viral hepatitis and cirrhosis) (Meram et al., 2004). Serum 

Cu was significantly increased in steatohepatitis and chronic hepatitis 

compared with control. Aigner et al., (2010), show that liver Cu 

concentrations in patients with NAFLD are lower than in individuals 

with other chronic liver diseases and subjects with normal liver. This 

is in agreement with the present study results where the copper 

concentration of NAFLD group is lower than that of cirrhosis or 

HCC and no significant difference with that of hepatitis ones. 

In contrary to the present study, Cesur et al., (2005) compared 

serum Zn and Cu concentrations in patient with chronic hepatitis and 

control; they did not find any statistically significant difference 

between healthy individual and patient with chronic hepatitis C. Also, 

Sayed, (2005) indicated that decreased zinc level was an associating 

factor in bilharzial liver not in hepatitis subjects and copper was 

normal in most of the studied subjects but it was slightly higher than 

normal in some subjects. Ismail et al., (2006) studied the relationship 

between chronic hepatitis and trace metals and concluded that serum 

levels of zinc, copper and metallothionein may be useful as prognostic 

markers for chronic liver diseases especially with the development of 

HCC. Also, (Terries-Martos et al., 1998) found normal serum zinc 



Discussion 

 - 153 - 

and copper concentration levels in patients with hepatopathies when 

compared to controls. 

In HCC patients, Ebara et al., (2003) found that the serum 

Cu/Zn ratio was significantly increased and could be used to 

distinguish cirrhotic from HCC patients. This ratio was also proposed 

as a biological marker for the diagnosis of HCC and as a prognostic 

factor because it was related to the extent of neoplastic 

transformation (Poo et al., 2003). The authors also demonstrated that 

the Cu/Zn ratio was found to be significantly higher in patients with 

HCC compared with that in age and sex-matched controls, with a 

sensitivity of 87.5%; this ratio might be useful in the evaluation of 

suspected hepatocellular malignancy. Ozcelik et al., (2003) 

determinded the effect of copper on oxidative and antioxidative 

substances in plasma and liver tissue in rats and they concluded that 

although copper is needed in trace amounts, an excess amount is 

toxic for the organism. It increases lipid peroxidation and depletes 

GSH reserves, which makes the organism more vulnerable to other 

oxidative challenges. Also, exposure to high levels of copper results 

in liver, hypertrophy of hepatocytes, hepatitis, hepatocellular 

necrosis, and hepatocellular death. Copper toxisity also causes lipid 

peroxidation which causes dysfunction in the cell membrane, 

decreased fluidity, inactivation of receptors and enzymes, and 

changes ion permeability.  Lin et al., (2006) found that selenium, 

iron, copper, and Cu/Zn ratios, might serve as biomarkers for the 

increased severity of viral hepatic damage. The mean copper level in 

patients with hepatocellular carcinoma was significantly higher than 

that of the control group. In contrast, the mean selenium, iron, and 

zinc levels in patients having HCC were significantly lower than 

those of the control group. In addition, the mean zinc level in the 

serum of patients with hepatic cirrhosis was significantly lower than 

that of the control group (p<0.05). Moreover, they found markedly 
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elevated Cu/Zn ratios (p<0.05) in patients having hepatic cirrhosis or 

HCC. While, on the contrary, Nakayama et al., (2002) declared that 

some patients with congestive heart failure, diabetes mellitus, and 

hypertension exhibited markedly high Cu/Zn ratios indicating that 

the ratio was not selective for diagnosis of the diseases. Wang et al., 

(2008) concluded that the whole blood concentrations of copper and 

zinc and the ratio of Cu to Zn seemed to have a higher correlation 

with HCC. By using  inductively coupled plasma atomic  emission 

spectroscopy (ICP-AES) Selvaraju et al., (2009) found a significant 

low serum levels of Se, Zn and high level of serum Cu were observed 

in patients with hepatitis B virus, as compared with normal healthy 

controls. Mastoi et al., (2009) showed that no change in copper level 

in HCV patients with or without diabetes mellitus, where as zinc as 

significantly reduced in both groups. Where, El-Fotuoh et al., (2012) 

reported that there was a very highly significant difference in serum 

copper (P<0.001) between liver cirrhosis and control and HCC 

groups. Angelova et al., (2011) stated that the results obtained from 

different researchers in respect of the influence of copper in different 

diseases and conditions are conflicting. There is a necessity of 

accurate and accessible method for determination of serum copper in 

research and clinical biomedical laboratories. Dabrowska et al., 

(2001) noticed a higher serum copper level (131.9 mg/dl vs. 79 

mg/dl, p = 0.003) in patients infected with HCV compared to the 

other Porphyria cutanea tarda (PCT) patients. Many reports (Poo et 

al., 2003, Tashiro et al., 2003 and Ebara et al., 2003) have 

demonstrated that the higher concentration of copper, higher ratio of 

Cu to Zn, and lower concentration of zinc are commonly found in the 

serum of HCC patients. Some of these reports further emphasized 

that the concentrations of copper and zinc and the ratio of Cu to Zn in 

serum could be used as a biomarker in the diagnosis of HCC at an 

early stage. Nevertheless, Nakayama et al., (2002) concluded that 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dabrowska%20E%22%5BAuthor%5D
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the mean serum concentrations of copper and zinc and ratio of Cu to 

Zn could be used in diagnosis for hepatitis disorders including 

chronic hepatitis and liver cirrhosis. While, Wang et al., (2008) not 

only indicate that the whole blood concentration of copper and the 

ratio of Cu to Zn in HCC patients were higher than those of healthy 

controls but also demonstrate that the whole blood concentrations of 

zinc in HCC patients were lower than those of healthy controls. 

Many authors determined the level of zinc, copper and their 

ratios to estimate the severity of some diseases, as an example, 

Pourfallah et al., (2009) who’s data indicated that Zn/Cu ratio was 

significantly lower in patients with Cutaneous Leishmaniasis (CL) as 

compared to the controls.  Their earlier reports suggested that, this 

ratio imbalance could be a useful marker for immune dysfunction in 

leishmaniasis. There was also strong association of Zn, Cu and Fe 

with CL. They suggested the use of blood zinc, copper, iron 

concentration and the copper/zinc ratio (Zn/Cu), as a means for 

estimating the prognosis of CL. Also, previously, Rosas et al., (1995) 

determined the diagnostic value of serum levels of copper, zinc and 

the Cu/Zn ratio in patients with hematological malignancies 

compared to gender- and age-matched control subjects and their 

results showed that Cu/Zn ratio is significantly higher in patients 

with lymphoma or acute and chronic leukemias compared to gender- 

and age-matched control subjects. The effect of marginal zinc 

deficiency on serum testosterone concentration is not known, so 

Prasad et al., (1996) studied the relationship between cellular zinc 

concentrations and serum testosterone cross-sectionally in 40 normal 

men, 20 to 80 y of age. Dietary zinc restriction in normal young men 

was associated with a significant decrease in serum testosterone 

concentrations and zinc supplementation of marginally zinc-deficient 

normal elderly men for six months resulted in an increase in serum 

testosterone. So, they concluded that zinc may play an important role 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rosas%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prasad%20AS%22%5BAuthor%5D
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in modulating serum testosterone levels in normal men. On the 

contrary, Koehler et al., (2009) investigated whether 

the administration of the zinc–containing 

nutritional supplement (ZMA) causes an increase of serum 

testosterone levels and they found that the use of ZMA has no 

significant effects regarding serum testosterone levels and the 

metabolism of testosterone in subjects who consume a zinc-sufficient 

diet. 

From the present study it could be concluded that, serum sex 

hormones (testosterone and estradiol) and trace elements (zinc and 

copper) levels and their ratios may be used as markers for liver 

insufficiency and liver complications, especially in the early diagnosis and 

prediction of HCC in patients with HCV and in the top of cirrhosis. 

However, further investigation is highly recommended in studying the 

possible role of androgen and estrogen and trace elements in improving 

diagnosis, prognosis and therapy of HCV positive patients with liver 

insufficiency. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koehler%20K%22%5BAuthor%5D
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7. SUMMARY 

The hepatitis C virus (HCV) is a major public health problem 

and a leading cause of chronic liver disease. An estimated 180 

million people are infected worldwide. The highest prevalence 

rate of HCV is among Egyptians (14%-18%; approximately 10-

fold greater than in the United States and Europe). In Africa and 

the Western Pacific the prevalence is significantly higher than in 

North America and Europe. 

Testosterone is converted to a more potent metabolite–

dihydrotestosterone. It is degraded in the liver and conjugated for 

excretion as 17-oxysteroids. Estrogens are metabolized and 

conjugated for excretion in urine or bile. Serum sex hormones 

have a strong association with chronic liver diseases, up to  

hepatocellular carcinoma (HCC). 

The aim of the present study is to evaluate serum sex 

hormones (testosterone and estradiol) and trace elements zinc and 

copper (Zn and Cu) in different liver insufficiency positive HCV 

patients that may be useful in diagnosis of liver severity and 

cancer prediction. 
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Fifty-two blood samples were collected from male patients 

positive HCV antibodies, confirmed with qualitative and 

quantitative PCR, and with wide range liver complications 

attending the in-and outpatients clinics of Gastroenterology 

Center, Mansoura University and Suez Canal University Hospital, 

Suez Canal University. Female, patients supplemented with Zn, 

patients with mixed pathological examinations were excluded 

from the present study and that affect the number of samples in 

each group. Patients were classified into the following criteria (16 

patients with steatohepatitis, 17 patients with chronic hepatitis, 12 

patients with cirrhosis and 7 patients with HCC), besides, 24 

subjects were served as control were enrolled in the present study 

during the period from June 2009 to May 2010.  

All patients were clinically examined with special stress on 

manifestations of different liver diseases and/or liver cell failure 

including: jaundice, hepatosplenomegaly, ascites, etc… For liver 

size, liver echogenicity, masses, portal vein diameter, splenic size 

and status of ascites ultrasonogrphy was done. Liver biopsy was 

taken and tissues were processed and examined by a specialist. 

Venous blood samples were obtained between 8-10 A.M after 

an overnight fasting. from all selected cases and control healthy 
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subjects, one part was used for hematological studies and the 

other part was centrifuged at 3000 rpm, sera were separated and 

stored at -20ºc until time of assay; repeated thawing and freezing 

of serum were avoided. The following parameters were measured: 

Liver profile: Alanine aminotransferase (ALT), asparatate 

aminotransferase (AST), alkaline phosphatase (ALP) activities, 

total proteins, albumin, and total and direct bilirubin levels. 

Hepatitis markers: Hepatitis B surface antigen (HBsAg) and 

hepatitis C virus antibody (HCV-Ab). Serum total testosterone 

was assayed by radioimmunoassay kit, and Serum estradiol was 

assayed by radioimmunoassay kit. Serum Zn and Cu levels were 

assayed calorimetrically. 

The results of the present study showed a significant decrease 

in serum testosterone level and testosterone/estradiol ratio in 

patients with different liver states when compared with control. 

The serum testosterone level was significantly lower in patients 

with cirrhosis than other patients group. On the other hand, there 

was a significant increase in serum estradiol level in all groups 

compared with control. Serum testosterone/estradiol ratio was less 

affected and significantly higher in patients with steatohepatitis 

than other patients group. Also, the results showed a significant 
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decrease in serum Zn level in patients when compared with 

control; a significant decrease in cirrhosis compared with HCC. 

Also, a significant increase in serum Cu level and Cu/Zn ratio in 

different groups compared with control group. Serum Cu level 

significantly decreased in chronic hepatitis compared with 

cirrhosis and HCC. On the other hand, serum Cu/Zn ratio 

significantly increased in cirrhosis compared with steatohepatitis 

and chronic hepatitis groups. 

While the Regression analysis shows that, changes in 

testosterone/estradiol ratio are mainly depend on changes in 

serum level of testosterone, estradiol, copper, copper/zinc ratio 

and/or zinc content in serum. 

Generally, it had been shown that, patients group can be 

detected by using either zinc and copper content in serum, 

testosterone or estradiol level in serum. 

 It is concluded that, serum sex hormone (testosterone and 

estradiol) and trace elements (Zn and Cu) levels and their ratio 

could used as a marker for liver insufficiency and liver 

complications, especially in the early diagnosis and prediction of 

HCC in patients with HCV and in the top of cirrhosis. 
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Further investigation is highly recommended for the possible 

role of androgen and estrogen, and trace elements in improving 

diagnosis, prognosis and therapy of HCV positive patients with 

liver complications and insufficiency. 



References  

 - 162 - 

8. REFERENCES 

1. Abbasi Nazari M, Hasani Malayeri, P.; Pourhoseingholi, M.A.; 

Mohebi, S.R.; Zali, M.R. (2010): Evaluation of zinc plasma level in 

Iranian due to hepatitis B and hepatitis C. J. Hepatitis Monthly, 10: 

62-64. 

2. Abdallah M.A., Null C., Horn, T.D. (2005): Necrolytic acral 

erythema: a patient from the United States successfully treated with 

oral zinc. Archives of Dermatology, 141: 85-87. 

3. Abdallah N., Abdel Aziz H.K., Hamed N.A., Gamal M. (2010). 

Correlation between serum levels of interleukins 10 and 12 and 

thrombocytopenia in hepatitis C cirrhotic (class A) patients.  The 

Journal of  Venomous Animals and Toxins including Tropical 

Diseases, 16: 456-461. 

4. Abdelgawad, M.R. (2007); Egyptian J. Applied Sciences, 17: 33-41. 

5. Abdul-Karim K.B.; Rasim, M.; Ahmed O. (2006): Testosterone and 

zinc supplementation in castrated rats: Effects on plasma leotin 

levels and relation with LH, FSH and testosterone. Life Sciences, 

78: 746-752. 

6. Abe A., Yamashita, S., Noma, A., (1989): Sensitive direct 

colorimetric assay for copper in serum. Clin. Chem., 35: 552-554. 

7. Abou-Mohamed, G.; Papapetropoulos, A.; Catravas, J.D.; et al. 

(1998): Zinc inhibits nitric oxide formation in response to 

polysaccharides: Implications in its anti-inflammatory activity. Eur. 

J. Pharmacol., 341: 265-272. 

8. Abro AH, Al-Dabal L and Younis NJ (2010): Distribution of 

hepatitis C virus genotypes in Dubai, United Arab Emirates, J. 

Pakistan Medical Association, 60, 987-990. 



References  

 - 163 - 

9. Afdhal N, Mchutchison J, Brown R, Jacobson I, Manns M, Poordad 

F, Weksler B, Esteban R. (2008). Thrombocytopenia associated 

with chronic liver disease. J. Hepatol., 48: 1000-1007. 

10. AGA Technical Review on the Evaluation of liver changes tests 

(2002). Gastroenterology, 123: 1267-1384. 

11. Aigner E., Strasser M., Haufe H., Sonnweber T., Hohla F., 

Stadlmayr A., Solioz M., Tilg H., Patsch W., Weiss G., Stickel F. 

and Datz C. (2010): A role for low hepatic copper concentrations 

in nonalcoholic fatty liver disease. The American Journal of 

Gastroenterology, 170: 1-8. 

12. Akhtar T, Lutfullah G, Nazli R (2008): Comparison of liver test in 

cirrhotic and non-cirrhotic hepatitis C patients. J. Chem. Soc. 

Pak., 30: 766-769. 

13. Anand BS, Velez M. (2004): Assessment of correlation between 

serum titers of hepatitis C virus and severity of liver disease. 

World J. Gastroenterol, 10: 2409-2411. 

14. Anderson, M. l. and Tufik, S. (2008): The effects of testosterone on 

sleep-disordered breathing in men; its bidirectional interaction 

with erectile function. Sleep Med. Rev., 12: 365-79. 

15. Andrews, G.K. (2001): Cellular zinc sensor. Biometal, 14: 223-237. 

16. Angelova M, Asenova S, Nedkova V., Koleva-Kolarova R. (2011): 

Copper in the human organism. Trakia Journal of Sciences, 9: 88-

98. 

17. Anonymous. (2004): Hepatitis C: RKI-Ratgeber 

Infektionskrankheiten. Epidemiologisches Bulletin, 17: 141-145. 

18. Anttinen, H.; Puistola, U.; Pihlajaniemi, T.; Kivirikko K.I. (1981): 

Differences between proline and lysine hydroxylations in their 

inhibition by zinc or by ascorbate deficiency during collagen 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jacobson%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manns%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poordad%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poordad%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poordad%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weksler%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Esteban%20R%22%5BAuthor%5D


References  

 - 164 - 

synthesis in various cell types. Biochem. Biophys. Acta, 674: 336-

44. 

19. Asselah TL, Rubbia-Brandt P, Marcellin A and Negro F (2006). 

Steatosis in chronic hepatitis C: why does it really matter? Gut, 

55:123-130.  

20. ATSDR (2004), Toxicological Profile for Copper. US Department 

of Health and Human. 

21. Atsushi E (2001): Kluwer Academic Publishers. Printed in the 

Netherland review. BioMetals, 14: 343-351. 

22. Atukorala T.M.; Herath, C.A. and Ramachandran, S. (1986): Zinc 

and vitamin A status of alcoholics in a medical unit in Sri Lanka. 

Alcohol, 21: 269-275. 

23. Avery R.A. and Bettger, W.J. (1992): Zinc diffeciency alter the 

protein composition of the membrane skeleton but not the 

extractability of oligomeric form of spectrin in rat erythrocyte 

membrane. J. Nutr., 122: 428-34.  

24. Baker H.W.G. (2000): Testicular dysfunction in systemic diseases. 

Ch. 16. In textbook of: principles and practice of endocrinology 

and metabolism, 3
rd

 edition edited by Becker, K.L, Lippincott 

Williams & Wilkins, Philadelphia, 1150. 

25. Balan V, Schwartz D, Wu GY, Muir AJ, Ghalib R, Jackson J, 

Keeffe EB, Rossaro L, Burnett A, Goon BL, Bowers PJ, Leitz GJ 

(2005); Erythropoietic response to anemia in chronic hepatitis C 

patients receiving combination pegylated interferon/ribavirin. Am. 

J. Gastroenterol, 100: 299-307.  

26. Bannister, P. and Lowosky, M.S. (1987): Ethanol and 

hypogonadism. Alcohol and alcoholism, 22: 213-217. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Balan%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schwartz%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20GY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muir%20AJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ghalib%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jackson%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keeffe%20EB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossaro%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burnett%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goon%20BL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bowers%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leitz%20GJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15667486
http://www.ncbi.nlm.nih.gov/pubmed/15667486
http://www.ncbi.nlm.nih.gov/pubmed/15667486


References  

 - 165 - 

27. Barber EF, Cousins RJ (1988) Interleukin-1 stimulated induction of 

ceruloplasmin synthesis in normal and copper-deficient rats. J. 

Nutr., 118: 375-381. 

28. Barreca T., Picciutto A., Freanceschini, R., Varagona G., Garibaldi 

A., Valle F., Cataldi A., D'Agustino S and Rolandi E. (1993): Sex 

hormones and sex hormone-binding globulin in males with 

chronic viral hepatitis during recombinant interferon- α-2b 

therapy. J. Interferon Research, 13: 209-211. 

29. Barry M.; Keeling, P.W. and Feely, J. (1990): Tissue zinc status and 

drug elimination in patients with chronic liver disease. Clin. Sci., 

78: 547-549. 

30. Bashour F.N., Teran J.C., Mullen K.D. (2000): Prevalence of 

peripheral blood cytopenias (hypersplenism) in patients with 

nonalcoholic chronic liver disease. Am. J. Gastroenterol, 95: 

2936-2939. 

31. Baskol M.; Ozbakir O, Coşkun R, Baskol G, Saraymen R, Yucesoy 

M. (2004): The role of serum zinc and other factors on the 

prevalence of muscle cramps in non-alcoholic cirrhotic patients. J. 

Clin. Gastroenterology, 38: 524-529. 

32. Baum M.; Shor-Posner, G. and Lu, Y. (1995): Micronutrients and 

HIV-disease progression. AIDS, 9: 1051-1056. 

33. Baum, M. K., Shor-Posner, G. and Campa, A. (2000): Zinc status in 

human immunodeficiency virus infection. J. Nutr., 130: 1421S-

1423S. 

34. Bayraktar, M.; Miyase, M.D.; Van Thiel; et al. (1995): Endocrine 

changes in liver disease. The endocrinologist; 5 (6). 

35. Beck F.W.; Prasad, A.S.; Kaplan, J.; Fitzgerald, J.T. and Brower, 

G.J. (1997): Changes in cytokine production and T-cell 



References  

 - 166 - 

subpopulations in experimentally induced zinc-deficient humans, 

Am. J. Physiol., 272: E1002-E1007. 

36. Becker K.L (2001): Principles and practice of endocrinology 

andmetabolism. Part  (VIII), edited by Breminer, W.J, Lippincott 

Eilliams Wilkins, 1152.  

37. Bedossa P, Dargère D, Paradis V. (2003): Sampling variability of 

liver fibrosis in chronic hepatitis C. Hepatology, 38: 1449-1457.  

38. Belfield, A. and Goldberg, D.M. (1971): Colourimetric 

determination of alkaline phosphatase activity, Enzyme, 12: 561-

568. 

39. Berg J.M. and Shi Y. (1996): The galvanization of biology: a 

growing appreciation for the roles of zinc. Science, 271: 1081-

1085. 

40. Berck  P.D. and Noyer  C. (1994): Clinical chemistry and 

physiology of bilirubin. Sem. Liver. Dis., 14: 346-355. 

41. Bernstein D. (2002): The importance of laboratory test results in 

hepatitis C infection. The HCV Advocate Medical Writers’ Circle 

• The Hepatitis C Support Project.  

42. Bertinato, J., and L’Abbe, M.R., (2004): Maintaining copper 

homeostasis: Regulation of copper-trafficking proteins in response 

to copper deficiency or overload, J. Nutr. Biochem., 15: 316-322. 

43. Besi L.D., Zucchetta P., Zotti S. and Mastrogiacomo I. (1989): Sex 

hormone binding globulin in males with compensated and 

decompensated cihrrosis of liver. Acta Endocrinologica, 120: 271-

276. 

44. Bianchi GP, Marchesini G, Brizi M, Rossi B, Forlani G, Leonardi 

G. (2000): Nutritional effects of oral zinc supplementation in 

cirrhosis. Nutr. Res., 20: 1079-89. 



References  

 - 167 - 

45. Bini J E. (2003): Prevalence of Gallbladder Disease among persons 

with hepatitis C virus infection, M.Sc. Thesis, Faculty Mentor, 

John McGread, in United States. 

46. Bligh, S. W., Boyle, H. A., McEwen, A. B., Sadler, P. J., and 

Woodham, R.H. (1992): 1H NMR studies of reactions of copper 

complexes with human blood plasm   and urine. Biochem. 

Pharmacol., 43: 137-145. 

47. Bogden J.D. (2004): Influence of Zinc on immunity in elderly. J. 

Nutr. Health Aging, 8: 48-54. 

48. Bonnie R.S., Marc Solioz, Daniel Krewski, Peter Aggett, Tar-Ching 

Aw, Scott Baker, Kenny Crump, Michael Dourson, Lynne Haber, 

Rick Hertzberg, Carl Keen, Bette Meek, Larisa Rudenko, Rita 

Schoeny, Wout Slob, Tom Starr (2007): Copper and human 

health: Biochemistry, genetics, and  strategies for modeling dose-

response relationships. Journal of Toxicology and Environmental 

Health, 10: 157-222.  

49. Bonnie R.S. (2010): Essentiality and toxicity in copper health risk 

aAssessment:  Overview, update and regulatory considerations. 

Journal of Toxicology and Environmental Health, 73: 114-127. 

50. Braunstein G.D. (1993): Gynecomastia. New England Journal of 

Medicine, 328: 490-495. 

51. Bravo AA, Sheth SG, Chopra S (2001). Liver biopsy. N. Engl. J. 

Med., 344: 495-500. 

52. Bray T.M. and Bettger W.J. (1990): The physiological role of zinc 

as an anti oxidant. Free Radic. Biol. Med., 8: 281-91. 

53. Bremner, I. (1998): Manifestations of copper excess. Am. J. Clin. 

Nutr. 67: 1069S-1073S. 



References  

 - 168 - 

54. Bresters D., Mouser-Bunschoten, E. P.; Reesink, H. w.; Zaaijor, H. 

L. and Cuyppers, H. T. M. (1993),: Sexual transmission of 

hepatitis C virus. Lancet. , 432: 210- 211. 

55. Bukh, J., Miller, R. H. & Purcell, R. H. (1995): Genetic 

heterogeneity of hepatitis C virus: quasispecies and genotypes. 

Seminars in Liver Disease, 15: 41-63. 

56. Burtis C.A. and Ashwood, E.R. (1994): Liver function: Tietz 

textbook of clinical chemistry second edition. W.B. Sounders 

Company, Philadelphia, London, 32: 1481. 

57. Buvat J., Maggi M., Gooren L., Guay A.T., Kaufman J., 

Morgentaler A., Schulman C., Tan H.M., Torres L.O., Yassin A. 

and Zitzmann M. (2010); Endocrine aspects of male sexual 

dysfunctions. Journal of sexual medicine, 7: 1627-1656.  

58. Cabre M.; Camps J, Ferré N, Paternáin JL, Joven J. (2001): The 

antioxidant and hepatoprotective effects of zinc are related to 

hepatic cytochrome P450 depression and metallothionein 

induction in rats with experimental cirrhosis. Int. J. Vitam. Nutr. 

Res., 71: 229-236. 

59. Cai L.; Wang GJ, Xu ZL, Deng DX, Chakrabarti S, Cherian MG. 

(1998): Metallothionein and apoptosis in primary human 

hepatocellular carcinoma (HCC) from northern China. Anticancer 

Res., 18: 4667-4672. 

60. Calhoun, N.R.; Smith, J.C. and Becker, K.L. (1974): The role of 

zinc in bone metabolism. Orthopedics, 103: 212-34. 

61. Camakaris., J, Voskoboinik, I., and Mercer, J.F., (1999), Molecular 

mechanisms of copper homeostasis. Biophys. Res. Commun. 261: 

225-232. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Camps%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferr%C3%A9%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patern%C3%A1in%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Joven%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20GJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20ZL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deng%20DX%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chakrabarti%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cherian%20MG%22%5BAuthor%5D


References  

 - 169 - 

62. Capocaccia, L.; Merli M, Piat C, Servi R, Zullo A, Riggio O. 

(1991):  Zinc and other trace elements in liver cirrhosis. Ital. J. 

Gastroenterol., 23: 386-391. 

63. Cavanaugh, J.; Niewoehner, C.B. and Nuttalm, F.Q. (1990): 

Gynocomastia and cirrhosis of the liver. Ach. Intern. Med. 150: 

563-565.  

64. Cermelli C., Vinceti, M., Scaltriti, E., Bazzani, E., Beretti, F., 

Vivoli, G. and Portolani, M (2002): Selenite inhibition of 

Coxsackie virus B5 replication: implications on the etiology of 

Keshan disease. J. Trace. Elem. Med. Biol., 16: 41-46. 

65. Cesur S, Cebeci A.S, Kavas G.O, Yilmaz N and Buyukkagnici D.I 

(2005): Serum copper and zinc concentrations in patients with 

chromic hepatitis C., Journal of Infection, 51: 35-37. 

66. Chaturvedi U.C, Shrivastava R,and Upreti R. K (2004):  Viral 

infections and trace elements: A complex interaction. Current 

Science, 87: 1536-1554. 

67. Chen, M.D.; Song, Y.M. and Lin, P.Y. (2000-a): Zinc effects on 

hyperglycemia and streptozotocin hypoleptinemia in -induced 

diabetic mice. Hormone and Metabolic Research, 32: 107-109. 

68. Chen, M.D.; Song, Y.M. and Lin, P.Y. (2000-b): Zinc may be a 

mediator of leptin production in humans. Life Sciences, 66: 2143-

2149. 

69. Cho, C.H.; Fong LY, Ma PC, Ogle CW. (1987): Zinc deficiency: its 

role in gastric secretion and stress-induced gastric ulceration in 

rats. Pharmacol. Biochem. Behav., 26: 293-297. 

70. Cohen J A, Kaplan MM (1979). The SGOT/SGPT ratio an indicator 

of alcoholic liver disease, Dig. Dis. Sci., 24: 835-838. 

71. Cordano, A. (1978): Copper deficiency in clinical medicine. In 

Monographs of the  American College of Nutrition, : 2, Zinc and 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Merli%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Piat%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Servi%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zullo%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riggio%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fong%20LY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ma%20PC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogle%20CW%22%5BAuthor%5D


References  

 - 170 - 

copper in clinical medicine, eds. K. M. Hambidge and B. L. 

Nichols, Jr. Proceedings of the 17
th

 Annual Meeting. New York: 

SP Med. Sci. Books. 119-126. 

72. Courouce A.M.; Baichardeau, F.G.; Girult, A. and Merreo, N. 

(1994): Significance of NS3 and NS5 antigens in screening for 

HCV antibody. Lancet, 343: 853-854. 

73. Cousins R.J. (1985). Absorption, transport, and hepatic metabolism 

of copper and zinc: special reference to metallothionein and 

ceruloplasmin. Physiol. Rev., 65: 238-241. 

74. Cousins R.J.; Steven, R. and Robert, J. (1989): metallothionein 

knockout and transgenic mice exhibit altered intestinal processing 

of zinc with uniform zinc-dependent zinc transporter-1 

expression. The Journal of Nutrition, 825-831. 

75. Cuevas, L.E. and Koyanagi, A. (2005): Zinc and infection. Ann. 

Trop. Paediatr., 25: 149-160.  

76. Dabrowska E., Jablonska-Kaszewska I., Bielawski K.P., Podlaska 

M., and Falkiewicz B. (2001): Prophyria Cutanea Tarda, hepatitis 

C virus and selected symptoms of cholestarsis. Medical Science 

Monitro, 7 : 185-189. 

77. Dacie, J. and Lewis, S. (1991): Practival Hematology, Seventh 

Edition; Churchill Livingstone, 37-48.  

78. Danks, D.M. (1988): Copper deficiency in humans. Annu. Rev. 

Nutr. 8: 235-232. 

79. Danoff A, Khan O, Wan DW, Hurst L, Cohen D, Tenner CT, Bini 

EJ (2006): Sexual dysfunction is highly prevalent among men 

with chronic hepatitis C virus infection and negatively impacts 

health-related quality of life. Am. J. Gastroenterol, 101: 1235-43. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Danoff%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khan%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wan%20DW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hurst%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cohen%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tenner%20CT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bini%20EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bini%20EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bini%20EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Sexual%20dysfunction%20is%20highly%20prevalent%20among%20men%20with%20chronis%20hepatitis%20(%20C%20)%20virus%20infection%20and%20negatively%20impacts%20health-related%20quality.


References  

 - 171 - 

80. Dario R., Milan K., Zeljko R, Kristina B, Mladen P. (2006): Se-rum 

concentration of zinc, copper, manganese and magnesium in 

patient with cirrhosis. Coll. Antropol., 30: 523-28. 

81. De Francesco, R.; Pessi, A. and Steinkuhler, C. (1998): The 

hepatitis C virus NS3 proteinase: structure and function of a zinc-

containing serine proteinase. Antivir. Ther. 3: 99-109. 

82. De Lédinghen V, Trimoulet P, Mannant PR, Dumas F, 

Champbenoît P, Baldit C, Foucher J, Faure M, Vergniol J, Castéra 

L, Bertet J, Fleury H, Couzigou P, Bernard PH. (2007): Outbreak 

of hepatitis C virus infection during sclerotherapy of varicose 

veins: long-term follow-up of 196 patients. J. Hepatol., 46: 19-25.  

83. De Maria N, Manno M and Villa E (2002): Sex hormones and liver 

cancer. Molecular and cellular Endocrinology, 193: 59-63. 

84. Dhawan D. and Goel A. (1995): Further evidence for zinc as a 

hepatoprotective agent in rat liver toxicity. Exp. Mol. Pathol., 63: 

110-117. 

85. Diab A.A., Soliman N.A., Zahra, M.H., Ibrahim I.I. and Gabr S.A. 

(2002): Assessment of sex hormones in patients with chronic 

hepatitis C virus. Egypt. J. Basic and Appl. Physiol., 1: 313-318. 

86. Diehl, A. (1993): Effects of alcohol on liver regeneration. Alcohol 

health & research World, 17: 279-283. 

87. Diehl A.M., Potter J, Boihnott J, Van-Duyn MA, Herlong HF, 

Mezey E. (1984): Relationship between pyridoxal 5-phosphate 

deficiency and aminotransferase  levels in alcoholic hepatitis. 

Gastroenterology, 86: 632-636. 

88. DiSilvestro R.A. (2000): Zinc in relation to diabetes and oxidative 

disease. J. Nutr., 130: 1509-1511. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20L%C3%A9dinghen%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trimoulet%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mannant%20PR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dumas%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Champbeno%C3%AEt%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baldit%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foucher%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Faure%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vergniol%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cast%C3%A9ra%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cast%C3%A9ra%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cast%C3%A9ra%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bertet%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fleury%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Couzigou%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bernard%20PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Outbrea%20of%20hepatitis%20C%20virus%20infection%20during%20sclerotherapy%20of%20varicose%20veins%3Along-term%20follow-up%20of%20196%20patients%20(4535%20patient-years).


References  

 - 172 - 

89. Doumas, B.T., Waston, W.D. and Biggs, H.G. (1971): Albumin 

standard and the measurements of serum albumin with 

bromocresol green, Clin. Chem. Acta, 31, 87.  

90. Doumas B.T., Wu T.W. Jendrzejcaz. (1987): Delta bilirubin, 

absorption spectra, molar absorptivity and reactivity in the diazo 

reaction. Clin. Chem., 33: 769-774. 

91. Doumas B.T and Peters T, (1997). Serum and Urine albumin: a 

progress report on their measurement and clinical singificanke. 

Clin. Chim. Acta, 258: 3-20. 

92. Dourakis, S.P. and Tolls, G. (1998): Sex hormonal preparations and 

the liver. The Europian journal of contraception & reproductive 

health care., 3: 7-16. 

93. Dove, L.M.; Rosen RC, Ramcharran D, Wahed AS, Belle SH, 

Brown RS, Hoofnagle JH; Virahep-C Study Group (2009): 

Decline in male sexual desire, function, and satisfaction during 

and after antiviral therapy for chronic hepatitis., 137: 873-884.  

94. Dufour, D.R. (1998):. Gender related differences in liver function 

and integrity tests. Clin Chem., 44: 137. 

95. Dufour, D.R, Lott J.A., Nolte F.S., Gretch D.R., Koff R.S. and 

Seeff L.B. (2000); Diagnosis and monitoring of hepatic injury. II. 

Recommendations for use of laboratory tests in screening, 

diagnosis, and monitoring. Clin Chem. Dec.; 46: 2050-2068.  

96. Durazzo M., Premoli A., Di Bisceglie C., Bertagna A., Faga E., 

Biroli G., Manierl C and Bos Pagano G. (2006): Alternations of 

seminal and hormonal parameters: An extrahepatic manifestation 

of HCV infection?. World Gastroenterology, 12, 3073-3076. 

97. Eagon, P.K., Elm M.S., Stafford E.A. and Porter L.E. (1994): 

Androgen receptor in human liver: Characterization and 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rosen%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramcharran%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wahed%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Belle%20SH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoofnagle%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Virahep-C%20Study%20Group%22%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/11106350
http://www.ncbi.nlm.nih.gov/pubmed/11106350
http://www.ncbi.nlm.nih.gov/pubmed/11106350
http://www.ncbi.nlm.nih.gov/pubmed/11106350
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elm%20MS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stafford%20EA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Porter%20LE%22%5BAuthor%5D


References  

 - 173 - 

quantification in normal and diseased liver. Hepatology; 19:92-

100. 

98. Ebara, M., Fakada, H., Kojima, Y., Morimoto, N., Yoshikawa, M., 

Sugiura, N., Satoh, T., Kondo, F., Yukawa, M., Matsumoto, T. 

and Saido, H. (1999): Small of signal intensity to histopathologic 

findings and metal content of the tumor and surrounding hepatic 

parnchyma, Radiology, 210: 81-88. 

99. Ebara M., Fukuda H., Hatano R., Yoshikawa M., Sugiura N., Saisho 

H., Kondo F and Yukawa, M. (2003): Metal contents in the liver 

of patients with chronic liver disease caused by hepatitis C virus. 

Oncology, 65: 323-330. 

100. Echejoh GO., Tanko M.N., Manasseh A.N., Silas O.A., Ogala-

Echejoh S.E. and Mandong B.M. (2008): Liver Cirrhosis in Jos, 

North - Central Nigeria. Jos Journal of Medicine; 3: 26-29. 

101. El-Dahrouty A.H., Al-zeftawy, A.H. and Hassan T.N. (1996): The 

Egyptian Journal of Internal Medicine, 5: 135-148.  

102. EL-Fotouh; Osama Abou; El Aziz, Hossam Abd; Galal, Magdy; 

El-Nakeeb, Noha (2012); Copper and zinc levels in serum and 

tissue in Egyptian patients with hepatocellular carcinoma and 

cirrhosis. Egyptian Liver Journal, 2: 7–11.  

103. El-Gaafary M.M., Rekacewicz C., Abdel-Rahman A.G., Allam 

M.F., El Hosseiny M., Hamid M.A., Colombani F., Sultan Y., El-

Aidy S., Fontanet A. and Mohamed M.K. (2005): Surveillance of 

acute hepatitis C in Cairo, Egypt. J. Med. Virol.; 76:520–528. 

104. El-Ghandour T.M., Sakr M.A., El-Sebai H., El-Gammal T.F and 

El-Sayed M.H. (2006): Necrolytic acral erythema in Egyptian 

patients with hepatitis C virus infection. Journal of 

Gastroenterology and Hepatology, 21:1200-1206. 



References  

 - 174 - 

105. Ellis E.L. and Mann D.A. (2012): Clinical evidence for the 

regression of liver fibrosis. J. Hepatol., doi.:10.1016/ 

j.jhep.2011.09.024. 

106. El-Missiry M.A., Fayed T.A., El-Sakwy M.R. and El-Sayed A.A. 

(2007): Ameliorative effect of melatonin against γ-irradiation 

induced oxidative stress and tissue injury Exotoxicology and 

Environmental Safety., 66 :278-286. 

107. El-Saeed GK, Fathy, AA and Gazaren S (1995): Free testosterone, 

Estradiol and sex hormone binding globulin in male patients with 

chronic bilharzial liver. Egypt. J. of Lab. Med.; 7: 165-179.  

108. El-Zayadi AR, Badran HM, Barakat EM, Attia Mel-D, Shawky S, 

Mohamed MK, Selim O, Saeid A (2005): Hepatocellular 

carcinoma in Egypt: a single center study over a decade. World J 

Gastroenterol; 11: 5193–5198. 

109. Esteban J.I.; Genesca, J. and Alter, A.J. (1992): Hepatitis C 

molecular biology, pathogensis, epidemiology clinical features 

and prevention: In: Boyer JL, Ockner, RK ends., Progress is liver 

disease, Philadilphia, W. B Saunders, 10: 253-282. 

110. Esteban J.I.; Loper-Tolavera, J.C.; Genesca, J.; Mado, Z.P. and 

Alter, A.J. (1991): High rate of infectivity and liver disease in 

blood donors with antibodies to hepatitis C virus, Ann Intern. 

Med., 115: 443-449. 

111. Evans, P. and Halliwell, B (2001): Micronutrients: oxidant/ 

antioxidant status. Br. J. Nutr.  85: S67–S74. 

112. Everhart J.E. and Ruhl C.E. (2005): Coffee and Coffeine 

Consumption reduce the risk of elevated serum aminotransferase 

activity in the united states. Gastroenterology;128: 24-32. 

113. Faa G V, Nurchi M, Ravarino A, Fanni D, Nemolato S, Gerosa C, 

Van Eykan P, Karel Geboes K. (2008): Zinc in gastrointestinal 



References  

 - 175 - 

and liver disease. Coordination Chemistry Reviews, 252: 1257-

1269. 

114. Falcon V, Acosta-Rivero N, Shibayama M, Lunc-Munoz J, 

Miranda-Sanchez M, de la Rosa M C, Menendez I, Garcia W, 

Duenas-Carrera B.G.S, Lopez D,  Bravo M.G, Fernandez-Ortego 

C, Casillas D, Morales J, Kouri J and Tsutsumi V (2005): 

Evidences of Apoptosis in Hepatitis C virus Infected Hepatocytas 

and Prepheral Blood Monocuclear Cells in the Absence of live 

Injury. American Journal of Infections Diseases 1: 43-49. 

115. Fang H.; Tong W, Shi LM, Blair R, Perkins R, Branham W, Hass 

BS, Xie Q, Dial SL, Moland CL, Sheehan DM (2001): "Structure-

activity relationships for a large diverse set of national, synthetic 

and environmental esterogens". Chem. Res Toxicol.14 :280-94. 

116. Farag K.A., Mang H, Saleh S.A., El-Kemary T.A. (2004): Blood 

count profile in chronic active hepatitis C Egyptian patient. J. 

Public Health Association, (1,2): 83-94. 

117. Farinati F.; Cardin R, de Maria N, Lecis PE, Della Libera G, 

Burra P, Marafin C, Sturniolo GC, Naccarato R. (1995): Zinc, 

iron, and peroxidation in liver tissue. Cumulative effects of 

alcohol consumption and virus-mediated damage-a preliminary 

report. Biol Trace Elem Res., 47:193–199. 

118. Farinati F., Cardin R., Bortolami M., Grottola A., Manno M., 

Colantoni Aand Villa E (2002): Estrogens receptors and oxidative 

damage in the liver. Molecular and Cellular Endocrinology, 193: 

85-88. 

119. Favier, M. and Hininger-Favier, I. (2005): Zinc and pregnancy. 

Gynacol Obestet Fertil., 33: 253-258. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tong%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blair%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Perkins%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Branham%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hass%20BS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hass%20BS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hass%20BS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xie%20Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dial%20SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moland%20CL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sheehan%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cardin%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Maria%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lecis%20PE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Della%20Libera%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burra%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marafin%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sturniolo%20GC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naccarato%20R%22%5BAuthor%5D


References  

 - 176 - 

120. Feinston, S.M.; Kapikian, A.Z. and Purcell, R.H. (1973): Hepatitis 

A: detection by immunoelectron micros copy of a virus-like 

antigen associated with acute illness. Science, 182: 1026-1028. 

121. Feinston S.M.; Kapikian, A.Z. Purcell, R.H. (1975): Transfusion 

associated hepatitis not due to viral hepatitis type A or B, N. Engl. 

J. Med., 292: 767-770. 

122. Ferri C, Bertozzi M.A and Zignego A.L (2002): Erectile 

dysfunction and hepatitis C virus infection. Journal of the 

American Medical Association., 14: 288- 698. 

123. Food and Nutrition Board (2001): Institute of Medicine, Dietary 

Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, 

Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, 

Nickel, Silicon, Vanadium and Zinc. National Academy Press, 

Washington DC. 

124. Fota-Markowska, H.; Borowicz, I. and Modrzewska, R. (2002): 

Serum zinc (Zn) level dynamics in blood serum of patients with 

acute viral hepatitis B and early recovery period. Ann Univ 

Mariae Curie Sklodowska, 57: 201–209. 

125. Fraker P.J. and King, L.E. (2004): Reprogramming of immune 

system during zinc deficiency. Annu Rev Nutr., 24: 277-298. 

126. Fraker P.J.; Osati-Ashtiani F, Wagner MA, King LE. (1995): 

Possible roles for glucocorticoides and apoptosisi in suppression 

of lymphopoiesis during zinc deffeciency. J Am Coll Nutr., 14: 

11-17. 

127. Franciscus, A. (2002): Editro-In Chief, HCV advocate preliminary 

draft Statement for the NIH Consensus Depelopment Conference 

Statement – Management of Hepatitis C.  

128. Friedman S.F., Martin P. and Munoz J.S. (2003): Laboratory 

evaluation of the patient with liver disease. Hepatology, a 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osati-Ashtiani%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wagner%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22King%20LE%22%5BAuthor%5D


References  

 - 177 - 

textbook of liver disease. Philedelphia; Saunders    publication; 1 : 

661-709. 

129. Fukamachi, Y.; Karasaki Y., Sugiura T., Itoh H., Abe T., 

Yamamura K., Higashi K. (1998): Zinc suppresses apoptosis of 

U937 cells induced by hydrogen peroxide. Biochem Biophys Res 

Commun. 246: 364-369. 

130. Fung E.B.; Ritchie LD, Woodhouse LR, Roehl R, King JC. 

(1997): Zinc absorption in women during pregnancy and lactation. 

Am J Clin Nutr. 66: 80-88. 

131. Gachot B.; Tauc M, Morat L, Poujeol P. (1991): Zinc uptake by 

proximal cells isolated from rabbit kidney. Plfugers Arch Physiol. 

419: 583-587. 

132. Gaetke L. M. and Chow, C. K (2003): Copper toxicity, oxidative 

stress, and antioxidant nutrients. Toxicology, 189: 147-163. 

133. Gangadharan B.; Antrobus, R.; Dwek, R.A.; Zitzmann, N. (2007): 

Novel serum biomarker candidates for liver fibrosis in hepatitis C 

patients. Clinical Chemistry, 53:1792-1799. 

134. Gayton and Hall (2006): Reproductive and hormonal functions of 

the male (and function of the penial gland). Chapter (80) in: 

textbook of Medical Physiology.11
th

 Edition, El selver Saunders. 

996-1010. 

135. George J., Ganesh, H.K. and Acharya, S. (2009): Bone mineral 

density and disorders of mineral metabolism in chronic liver 

disease. World J. Gastroenterology, 15: 3516-3522.  

136. Giannini, E; Risso, D; Botta F; Chiarbonello B; Fasoli A; Malfatti 

F; Romagnoli P; Testa E; Ceppa P and  Testa R (2003): Validity 

and clinical utility of the aspartate aminotransferase–alanine 

aminotransferase ratio in assessing disease severity and prognosis 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karasaki%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sugiura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Itoh%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abe%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamamura%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Higashi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ritchie%20LD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Woodhouse%20LR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roehl%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22King%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tauc%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morat%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poujeol%20P%22%5BAuthor%5D
http://archinte.ama-assn.org/cgi/content/full/163/2/218#ACK#ACK
http://archinte.ama-assn.org/cgi/content/full/163/2/218#ACK#ACK


References  

 - 178 - 

in patients with hepatitis C virus–related chronic liver disease. 

Arch Intern Med., 163: 218-224. 

137. Giannini E., Botta F., Testa E., Romagnoli P., Polegato 

S., Malfatti F., Fumagalli A., Chiarbonello B., Risso D., Testa 

R.(2002): The 1-year and 3-month prognostic utility of the 

AST/ALT ratio and model for end-stage liver disease score in 

patients with viral liver cirrhosis. Am. J. Gastroenterol.  Nov.; 97: 

2855-2860. 

138. Giannini E, Botta F, Fasoli A, Ceppa P, Risso D, Lantieri PB, 

Celle G, Testa R. (1999): Progressive liver functional impairment 

is associated with an increase in AST/ALT ratio. Dig Dis Sci. Jun; 

44:1249-1253. 

139. Gimenez A.; Parés A, Alié S, Camps J, Deulofeu R, Caballería J, 

Rodés J. (1994): Fibrogenic and collagenolytic activity in carbon-

tetrachloride-injured rats: beneficial effects of zinc administration. 

J Hepatol. 21: 292-298. 

140. Gitto S, Micco L, Conti F, Andreone P and Bernardi M (2009): 

Alcohol and viral hepatitis: A mini-review. Dig Liver Dis; 4: 67-

70. 

141. Goode H.F.; Kelleher, J. and Walker, B.E. (1990): Relation 

between zinc status and hepatic functional reserve in patients with 

liver disease. Gut, 31: 694-697. 

142. Gordon S.C. (1996): Extrahepatic manifestations of hepatitis 

C. Digestive Diseases. ; 14:157–168. 

143. Gordon R.B., Bertram M. and Graedel T.E. (2006): Metal stocks 

and sustainability. PNAS; 103: 1209-1214. 

144. Granata O. M., Carruba G., Montalto G., Miele M., Bellavia V., 

Modica G., Blomquist C H. and Castagnetta L. AM. (2002): 

Altered androgen metabolism eventually leads hepatocellular 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giannini%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Botta%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Testa%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Romagnoli%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polegato%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polegato%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polegato%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Malfatti%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fumagalli%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiarbonello%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Risso%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Testa%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Testa%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Testa%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=The%201-year%20and%203-month%20prognostic%20utility%20of%20the%20AST%2FALT%20ratio%20and%20model%20for%20end-stage%20liver%20disease%20score%20in%20patients%20with%20viral%20liver%20cirrhosis.%20e
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giannini%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Botta%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fasoli%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ceppa%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Risso%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lantieri%20PB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Celle%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Testa%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10389705
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Par%C3%A9s%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ali%C3%A9%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Camps%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deulofeu%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caballer%C3%ADa%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rod%C3%A9s%20J%22%5BAuthor%5D


References  

 - 179 - 

carcinoma to an impaired hormone responsiveness. Molecular and 

Cellular Endocrinology, 193: 51-58. 

145. Grungreiff K., Reinhold D and Ansorge S. (1999): Serum 

concentration of SIL-2R2 IL-6, TGF-beta, neopterin and zinc in 

chronic hepatitis C patients treated with interferon-alpha. 

Cytokine, 11: 1076-1080. 

146. Grungreiff, K. (2002): Zinc in liver disease. J Trace Elem Exp 

Med., 15: 67-78. 

147. Grungreiff, K. and Reinhold, D. (2005): Liver cirrhosis and 

“liver” diabetes mellitus are linked by Zinc deficiency. Med 

Hypotheses, 64: 316-317. 

148. Guerriero G (2009): Vertebrate   sex   steroid   receptors:  

evolution, ligands   and   neurodistribution   Ann NY Acad Sci.  

1163: 154-68.  

149. Gur G.; Bayraktar, Y.; Ozer, D.; Ozdogan M and Kayhan B 

(1998): Determination of hepatic zinc content in chronic liver 

disease due to hepatitis B virus. Hepatogastroenterology, 45:472–

476. 

150. Haim T. and Kennth, D. (2003): Trace elements in human 

physiology and pathology: Zinc and metallothioneins. 

Biomedicine & pharmacotherapy. 57: 472-476. 

151. Hambridge, K.M.; Casey, C.E. and Krebs, N.F. (1986): Trace 

elements in humans and animal nutrition. 5
th

 ed. New York: 

Academic press, 1-37. 

152. Hambridge M. and Krebs, N.F. (2001): Interrelationships of key 

variables of human Zinc homeostasis. Annu Rev Nutr., 15: 786-

791. 

153. Handelsman D.J., Strasser S., McDonald J.A., Conway A.J. and 

Mc Caughan G.W. (2006): Hypothalamic-pituitary-testicular 



References  

 - 180 - 

function in end-stage non-alcoholic liver disease before and after 

liver transplantation. Linical endocrinology, 43: 331-337. 

154. Hannah K. Christos M; Pagona L.; Anastasia T; Rulle T, Lorelie 

M; Vassiliki B., Evangelos Sisherrio S. Dimitriost (2001): 

Estrogen, testosterone and sex hormone binding globulin in 

relation to liver cancer in men. Oncology; 60: 355-360.  

155. Harman S.M. (2005): Testosterone in older men after the Institute 

of Medicine Report:  where do we go from here? Climacteric 8: 

124–135. 

156. Harris, E. D. (2000), Cellular copper transport and metabolism. 

Annu. Rev. Nutr. 20:291–310. 

157. Harris, E.D., (2001): Copper homeostasis: The role of cellular 

transporters. Nutr. Rev. 59:281–285. 

158. Hasse H. and Rink L. (2007): Signal transduction in moncytes: 

The role of zinc ions. Biometals 20: 579-585. 

159. Hatano R.; Ebara, M.; Fukuda, H., Yoshikawa, M., Sugiura, N., 

Kondo, F., Yukawa, M. And Saisho, H. (2000): Accumulation of 

copper in liver and hepatic injury in chronic hepatitis C. J. 

Gastroenterol. Hepatol., 15: 786-791.  

160. Hayat S.A., Khan R.A., Shikh N., Nemon F., Ghori A. R.(2009): 

Haematological side effects following antiviral therapy. 

(conventional $- Inter feron Plus Ribavirin) in patients with 

chronic hepatitisC; World Applied Sciences Journal, 6:1617- 

1020. 

161. Henkel G. and Krebs, B. (2004): Metallothioneins: Zinc, 

cadmium, mercury and copper thiolates and selenolates 

mimicking protein active site features–structural aspects and 

biological implications. Chem Rev., 104: 801-824. 



References  

 - 181 - 

162. Hess R.A.; Bunick D, Lee KH, Bahr J, Taylor JA, Korach KS, 

Lubahn DB. (1997): "A role for estrogens in the male 

reproductive system."Nature; 390: 447-448. 

163. Himoto T.; Hosomi, N.; Nakai, S.; Deguchi, A.; Kinekawa, F.; 

Matsuki, M.; Yachida, M.; Masaki, T.; Kurokochi, K.; Watanabe, 

S.; Sanda, S.; Kuriyama, S. (2007): Efficacy of zinc 

administration in patients with hepatitis C virus-related chronic 

liver disease. Scandinavian Journal of Gastroenterology. 42: 1078-

1087. 

164. Hirano T, Murakami M, Fukada T, Nishida K, Yamasaki S and 

Suzuki T (2008): Roles of zinc and zinc signaling in immunity: 

Zinc as an intracellular signaling molecules. Advances in 

Immunology 97:149-176. 

165. Hraber P., Kuiken C. and Yusim K. (2007): Evidence for human 

leukocyte antigen heterozygote advantage against hepatitis C virus 

infection.  Hepatology; 46: 1713-1721. 

166. Hulmi, J.J.: Ahtiainen JP, Selänne H, Volek JS, Häkkinen K, 

Kovanen V, Mero AA. (2008): "Androgen receptors and 

testosterone in men –effects of protein ingestion, resistance 

exercise and fiber type".J. steroid Biochem. Mol.Biol. 110: 130-

137. 

167. Hwang Y. Y. and  Liang R. H. S.(2010): Hepatitis C in 

Haematological Patients;Hepatitis Research and Treatment 

Volume, 96: 1359-1362.  

168. Ibs, K. H. and Rink, L (2003): Zinc-altered immune function. J. 

Nutr. Suppl., 133, 1452S-1456S.  

169. Ihara H., Shino Y., Hashizume N., et al. (1997): Effect of light on 

total and direct bil by an enzymatic bil oxidase method. J. Anal. 

Bio. Sci., 20: 349-354. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bunick%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20KH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bahr%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taylor%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Korach%20KS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lubahn%20DB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahtiainen%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sel%C3%A4nne%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Volek%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%A4kkinen%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kovanen%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mero%20AA%22%5BAuthor%5D
http://www.hindawi.com/56507468/
http://www.hindawi.com/41983429/


References  

 - 182 - 

170. Ijuin, H. (1998): Evaluation of pancreatic exocrine function and 

Zinc absorption in alcoholism. Kurume Med. J.,  45:1–5. 

171. Imbert-Bismut F, RatziuV, Pieroni L, Charlotte F, Benhamou Y, 

Poynard T. (2001): Biochemical markers of liver fibrosis in 

patients with  hepatitis C virus infection: a prospective study. 

Lancet; 357: 1069-1075. 

172. International Programme on Chemical Safety (1998): 

Environmental Health Criteria No. 200: Copper. Geneva: World 

Health Organization. 

173. Ismail S, Eldemerdash T, Hamouda H, Elfert A, Elashry H 

(2006):  Serum and Tissue Levels of Zinc, Copper and 

Metallothionein as Prognostic Factors in Patients with HCV-

Related Liver Diseases. Tanta Med. Sc. J.; 1:112-118.  

174. Jeffery M. Klco,  Bob Geng,  Elizabeth M. Brunt, Anjum Hassan,  

Tu-Dung Nguyen,  Friederike H. Kreisel,  Mauricio Lisker-

Melman,  and John L. Frater  (2010): Bone marrow biopsy in 

patients with hepatitis C virus infection: Spectrum of findings and 

diagnostic utility. Am. J. Hematol. 85:106–110. 

175. Jiang, Z.; You, D.Y.; Chen, X.C.; Wu, J. (1992): Monitoring of 

serum markers for fibrosis during CCl4-induced liver damage; 

Effects of anti-fibrotic agents. J Hepatol., 16: 282–289. 

176. Jie J, Hao S, Hongziu Y, Huiying Y, Jun M, Chenji W, Mingjie Y 

and Yong M (2007): Evaluation of Cu in hepatocellular carcinoma 

by particle induced X-ray anission. Journal of Trace Elements in 

Medicine and Biology, 21: 255-260. 

177. Johanning, G.L.; Browning JD, Bobilya DJ, Veum TL, O'Dell BL. 

(1990): Effect of zinc deficiency on enzyme activities in rats and 

pig erythrocyte membrane. Proc Soc Exp Biol Med., 195: 224-

229. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Browning%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bobilya%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veum%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Dell%20BL%22%5BAuthor%5D


References  

 - 183 - 

178. Johnson, P.E.; Hunt CD, Milne DB, Mullen LK. (1993): Zinc 

execretion and balance in men fed diets low in zinc. Am. J. Clin. 

Nutr. 57:557-65. 

179. Johnson, M.A., Fischer, J.G., and Kays, S.E. (1992): Is copper an 

antioxidant nutrient? Crit. Rev. Food Sci. 32:1–31. 

180. Johnson, P.J. (1984): Sex hormons and liver. Clin, Sci.; 66: 369.  

181. Jong MK, Adham NF, Heng MC, Costea NV, Heng MK, Ament 

ME. (1995): Trace element metabolic alterations of zinc and 

prostaglandins in both human and animal colonic tumor cells. J 

Am Coll Nutr., 14: 473–479. 

182. Jukyan Jung Hyanlee, Han, Deuk Park, Yoo Kyoung Park, Yun-

Mi Paek and Tae-in Choi (2008): Hepatic enzymes are associated 

with components of metabolic syndrome and elevated ALT, GGT 

predicts the incidence of metabolic syndrome. The FASEB J., 22: 

716-726. 

183. Jules L. and Kurt H. (1994): Acue hepatitis in kurt, J. Eugene, B.; 

Jean, D. and Jaseph, B.; Harrison's principles of internal medicine; 

Thirteenth edition, McGrow-Hill, 1458-1482. 

184. Jwartz, Z.E. (1989): Medical microbiology. Appleton and Lange, 

419-439. 

185. Kalkan, A.; Bulut V, Avci S, Celik I, Bingol NK. (2002): Trace 

elements in viral hepatitis. J Trace Elem Med Biol., 16: 227-230. 

186. Kaneko S., Unoura M., Takeuchi M., Terasaki S., Terasaki S., 

Ogino H., Matsushita E. and Kobayashi K. (1994): The role of 

hepatitis C virus in hepatocellular carcinoma in Japan. 

Intervirology; 37:108-113. 

187. Karagiannis, A. and Harsoulis, F. (2005): Gonadal dysfunction in 

systemic diseases, europian Journal of endocrinology; 152: 501-

513. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hunt%20CD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Milne%20DB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mullen%20LK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Song%20MK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adham%20NF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heng%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Costea%20NV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heng%20MK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ament%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ament%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ament%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bulut%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Avci%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Celik%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bingol%20NK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terasaki%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogino%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsushita%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20K%22%5BAuthor%5D


References  

 - 184 - 

188. Katayama, K. (2004): Ammonia metabolism and hepatic 

encephalopathy. Hepatol Res., 30: 71-78. 

189. Kaymakoglu S, Okten A, Cakalogu Y, Boztas C, Besisk F, 

Tascioglu C and Yalcin S (1995): Hypogomadism is not related to 

the etiology of liver cirrhosis. Journal of Gastroenterology, 30: 

745-750. 

190. Khan D.; Makowka L, Zeng P, Murase N, Starzl TE, van Thiel 

DH. (1989): Estrogen and androgen receptors in the liver after 

orthotopic liver transplantation. Transplant. Proc; 21: 409-410. 

191. Kim IK, Kim RS, Sasase N,  Akimoto Y,  Shikata M,  Ohtani 

A,  Hirooka T, and Kazuhiko Tanaka. K. (2008): Blood cell, liver 

function, and response changes by PEG-interferon-α2b plus 

ribavirin with polaprezinc therapy in patients with chronic 

hepatitis C. Hepatol Int.  March; 2: 111-115. 

192. King J.C.; Shames, D.M. and Woodhouse, L.R. (2000): Zinc 

homeostasis in humans. J. Nutr., 130: 1360-1366. 

193. King J.C.; Shames, D.M.; Lowe, N.M.; Woodhouse L.R., 

Sutherland B., Abrams S.A., Turnlund J.R., Jackson M.J. (2001): 

Zinc depletion and Zinc kinetics in men. J. Nutr., 330: 1520-1527. 

194. Kirchgessner M.  and Weigand, E. (1983): Zinc absorption and 

execretion in relation to nutrition. Metal Ions Biol Syst., 15: 319-

361. 

195. Kley H.K. (1979): Plasma-estrogens and liver cirrhosis. Z. 

Gastroenterol Jul.; 17: 406-12. 

196. Klug A. and Rhodes, D. (1998): Zinc fingures: a novel protein 

motif for nucleic acid recognition. TIBS. 7: 464-473. 

197. Knipe D. M. (1990): Virus–host–cell interactions. In Fields 

Virology (eds Fields, B. N. and Knipe, D. M.), Raven Press, New 

York, 2
nd

 edn, 293-316. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Makowka%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zeng%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murase%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Starzl%20TE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Thiel%20DH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Thiel%20DH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Thiel%20DH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Woodhouse%20LR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sutherland%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abrams%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turnlund%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jackson%20MJ%22%5BAuthor%5D


References  

 - 185 - 

198. Koehler K.; Parr MK, Geyer H, Mester J, Schänzer W. (2009): 

"Serum testosterone and urinary excretion of steroid hormone 

metabolites after administration of high–dose zinc supplement". 

Eur J Clin Nutr.63 : 65-67.  

199. Ko Wang sheng; Gou Chih Hung; Yeh Mawsheng; Lin Liyun; 

Hsu, G. SW; Chen Peichung; Luo meiching; Lin Chia Yoh. 

(2005-a); Blood micro-nutrient, oxidative stress, and viral loud of 

patients with chromic hepatitis C. World Journal og 

Gastroenterology. China: 11: 4697-4702. 

200. Ko WS, Guo CH, Hsu G.S, Chiou YL, Yeh MS and Yaun SR 

(2005-b): The effect of zinc supplementation on the treatment of 

chromic hepatitis C patients with interferon and ribafiron. Clinical 

Biochemistry, 38: 614-620. 

201. Kratz F. (2008): Albumin as a drug carrier: Design of prodrugs, 

drug conjugates and nanoparticles. Journal of Controlled Release, 

132; 171-183. 

202. Krebs N.E. and Hambidge, K.M. (2001): Zinc metabolism and 

homeostasis: the application of tracer techniques to human zinc 

physiology. Biometals., 14: 397-412. 

203. Krebs N.F. (2000): Overview of Zinc absorption and excretion in 

the human gastrointestinal tract. J. Nutr.; 130: 1374-137. 

204. Krzeski, P., Zych, W., Kraszewska, E., et al. (1999). Is serum 

bilirubin concentration the only valid prognostic marker in 

primary biliary cirrhosis?. Hepatology; 30:865. 

205. Kugelmas M. (2000): Preliminary observation: oral Zinc sulfate 

replacement is effective in treating muscle cramps in cirrhotic 

patients. J Am Coll Nutr., 19: 13-15. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parr%20MK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Geyer%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mester%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4nzer%20W%22%5BAuthor%5D


References  

 - 186 - 

206. Kulendran M.; Salhab, M. and Mokbel, K. (2009): Oestrogen-

synthetising enzymes and breast cancer. Anticancer Res; 29: 

1095-1109. 

207. Lackner C.,struber G., liegl B., leibl S., Ofner P.,Bankuti C., 

Bauer B. and Stauber R.E. (2005): Comparison and validation of 

simple noninvasive tests for prediction of fibrosis in chronic 

hepatitis C. Hepatology. 41, 1376. 

208. Lai M.E.; Mazzoleni, A.P.; Frazi, P. and Melish, A. (1993): 

Markers of hepatitis C virus infection in sardinian blood donors. J. 

Med. Vival., 41: 282-288. 

209. Larrea E.; Beloqui, O.; Munoz-Navas, M.A.; Civeira MP, prieto J. 

(1998): Superoxide dismutase in patients with chronic hepatitis C 

virus infection. Free Rad Biol Med., 24: 1235- 41. 

210. Lauer GM, Walker BD. (2001). Hepatitis C virus infection: 

Medical progress. N. Engl. J. Med.; 345:41-51. 

211. Leandro G, Mangia A, Hui J, Fabris P, Rubbia-Brandt 

L, Colloredo G, Adinolfi LE, Asselah T, Jonsson JR, Smedile 

A, Terrault N,Pazienza V, Giordani MT, Giostra E, Sonzogni 

A, Ruggiero G, Marcellin P, Powell EE, George J, Negro 

F; (2006): Relationship between steatosis, inflammation, and 

fibrosis in chronic hepatitis C: A meta-analysis of individual 

patient data. Gastroenterology.  130:  1636-1642.  

213. Lee, J., Petris, M. J., and Thiele, D. J. 2002b, Characterization of 

mouse embryonic cells deficient in the Ctr1 high affinity copper 

transporter: Identification of a Ctr1-independent copper transport 

system. J. Biol. Chem. 277: 40253-40259. 

214. Lewis-Jones D.I.; Aird, I.A.; Biljan, M.M.; Kingsland, C.R. 

(1996): Effects of sperm activity on zinc and fructose 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Leandro%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mangia%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hui%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fabris%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rubbia-Brandt%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rubbia-Brandt%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Colloredo%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adinolfi%20LE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Asselah%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jonsson%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smedile%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smedile%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smedile%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terrault%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pazienza%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giordani%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giostra%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sonzogni%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sonzogni%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sonzogni%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ruggiero%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marcellin%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Powell%20EE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22George%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Negro%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Negro%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Negro%20F%22%5BAuthor%5D
http://www.gastrojournal.org/issues?issue_key=S0016-5085(06)X0408-0


References  

 - 187 - 

concentrations in seminal plasma, Human Reproductive, 11, 

2465-2467. 

215. Lewis, Al, (2009): The hygienic benefits of antimicrobial copper 

alloy surfaces in healthcare settings, a compilation of information 

and data for the International Copper Association Inc., , available 

from International Copper Association Inc., A1335-XX/09. 

216. Liaw K.Y.; Lee, P.H.; Wu, F.C.; Tsai J.S, Lin-Shiau S.Y. (1997): 

Zinc, copper, and superoxide dismutase in hepatocellular 

carcinoma. Am. J. Gastroenterol., 92: 2260-2263. 

217. Liebman H. (2007): Other immune thrombocytopenias. Semin 

Hematol.; 44: S24-34. 

218. Lin C.C., Huang J.F., Tsai L.Y. and Hueng Y.L. (2006): 

Selenium, iron, copper and zinc levels and copper to zinc ratios in 

serum of patients at different stages of viral hepatic diseases. 

Biological Trace Element Research, 109: 15-23. 

219. Linder, M.C. and Azam, HM. (1996). Copper biochemistry and 

molecular biology. Am. J. Clin. Nutr. 63:797S-811S. 

220. Liu, P.Y., Pincus, S.M.; Takahashi, P.Y.; Roebuck PD, 

Iranmanesh A, Keenan DM, Veldhuis JD. (2006): "aging 

attenuates both the regularity and joint synchrony of LH and 

testosterone secretion in normal men: analysis via a model of 

graded GnRH receptor blockade". Am. J. Physiol. Endocrinol. 

Metab., 290: E34-E41. 

221. Loguercio C. De Girolamo, Federico A. Feng S.L., Cataldi V., 

Del Vecchio Blanco C., Gialanella G. (1997): Trace elements and 

chronic liver diseases. Journal of Trace Elements in Medicine and 

Biology, 11: 158-161. 

222. Loguercio C., De Girolamo V., Federico A., Feng S.L., Crafa E., 

Cataldi V., et al. (2001): Relationship of blood trace elements to 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsai%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lin-Shiau%20SY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roebuck%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iranmanesh%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keenan%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veldhuis%20JD%22%5BAuthor%5D


References  

 - 188 - 

liver damage, nutritional status, and oxidative stress in chronic 

nonalcoholic liver disease. Biol Trace Elem Res ; 81: 245-54. 

223. Loguercio C. and Federico A. (2003): Oxidative stress in viral and 

alcoholic hepatitis. Free Radical Biology and Medicine, 34: 1-10. 

224. Lonard A.; Adinol- LE; Loria, P; Carulli N, Ruggiero G, Day CP. 

(2004): Steatosis and hepatitis C virus: mechanisms and 

significance for hepatic and extrahepatic disease. Gastro- 

enterology, 126: 586-597. 

225. Lönnerdal, B (1989): Intestinal absorption of zinc. Zinc in human 

biology. London, 33-35. 

226. Lu Guangming , Shimizu  Ichiro  , Cui Xuezhi, Itonaga Mina, 

Tamak Katsuyoshi,  Fukuno Hiroshi, Inoue Hiroshi, Honda 

Hirohito,  Ito Susumu (2004): Antioxidant and antiapoptotic 

activities of idoxifene and estradiol in hepatic fibrosis in rats. Life 

Sciences.  74:  897-907. 

227. Luo J.C., Hwang S.J., Chang F.Y., Chu C.W., Lai C.R., Wang 

Y.J., Lee P.C., Tsay S.H. and Lee S.D. (2002): Simple blood tests 

can predict compensated liver cirrhosis in patients with chronic 

hepatitis C. Hepatogastroenterology Mar-Apr; 49: 478-81. 

228. Luppa P.B., Thaler M., Schulte-Frohlinde E., Schreiegg A., Huder 

U. and Metzger J. (2006); Unchanged androgen binding properties 

of sex hormone binding globulin in male patients with liver 

cirrhosis. Clin. Chem. Lab. Med. 44: 967-973. 

229. Lutfullah G., Akhtar T., Rahim A, Nazli R, Arif S and Khan MT. 

(2009): Comparison of liver function test in symptomatic and 

asymptimatic HCV positive patients. J. Chem. Soc. Pak. 31: 156- 

161. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carulli%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ruggiero%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Day%20CP%22%5BAuthor%5D
http://www.sciencedirect.com/science/journal/00243205
http://www.sciencedirect.com/science/journal/00243205
http://www.sciencedirect.com/science/journal/00243205
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0024320500X18140&_cid=271221&_pubType=JL&view=c&_auth=y&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=efbffa22ea52a96c92ec6003141f0d5c


References  

 - 189 - 

230. Lutsenko, S., and Kaplan, J. H., (1995), Organization of P-type 

ATPases: Significance of structural diversity. Biochemistry, 34: 

15607-15613. 

231. Madan K. Batra Y. Panda SK. Dattagupta S. Hazari S. Jha 

JK. Acharya SK. (2004): Role of polymerase chain reaction and 

liver biopsy in the evaluation of patients with asymptomatic 

transaminitis: implications in diagnostic approach. Journal of 

Gastroenterology & Hepatology. 19: 1291-1299. 

232. Mahfoud Z, Kassak K, Kreidieh K, Shamra S and Ramia S 

(2010): Distribution of hepatitis C virus genothypes among 

injecting drug users in Lebanon. Virology Journal. 7: 96. 

233. Makino, T.; Saito, M.; Horiguchi, D. and Kina, K. (1982): Clin. 

Chim. Acta. 120: 127-135.  

234. Marceau, N., Aspin, N., and Sass-Kortsak, A., (1970): Absorption 

of copper 64 from gastrointestinal tract of the rat. Am. J. Physiol. 

218: 377–383. 

235. Marchesini, G.; Bugianesi, E.; Ronchi, M.; et al. (1998): Zinc 

supplementation improves glucose disposal in patients with 

cirrhosis. Metabolism. 47: 792-798. 

236. Marchesini, G.; Fabbri, A.; Bianchi, G.; Brizi M, Zoli M. (1996): 

Zinc supplementation and amino acid-nitrogen metabolism in 

patients with advanced cirrhosis. Hepatology.  23: 1084-1092.  

237. Marcillin, P. (1999): Hepatitis C.: the clinical spectrum of the 

disease. J. Hepatol; 31: 9-16.  

238. Maret, W. (2001): Zinc biochemistry, physiology, and 

homeostasis – recent insights and current trends. Biometals. 14: 

187-190. 

239. Maret, W. (2003): Cellular zinc and redox states converge in the 

metallothionein/ thionein pair. J. Nutr. 133: 1460S-1462S. 

http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Madan+K%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Batra+Y%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Panda+SK%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Dattagupta+S%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Hazari+S%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Jha+JK%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Jha+JK%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Jha+JK%22.au.
http://ovidsp.tx.ovid.com/spb/ovidweb.cgi?&S=HOFJFPLDDEDDGIFNNCHLOFMLOLPPAA00&Search+Link=%22Acharya+SK%22.au.


References  

 - 190 - 

240. Maret, W. (2005): Zinc coordination environments in proteins 

determine Zinc functions. J. Trace Elem. Med. Biol. 19: 7-12. 

241. Marques L.F.J.C,  Donangelo C.M,  Franco J.G,  Pires L,  Luna 

A.S., Casimiro-Lopes G,  Lisboa P.C and  Koury J.C. (2011): 

Plasma zinc, copper, and serum thyroid hormones and insulin 

levels after zinc supplementation followed by placebo in 

competitive athletes. Biological Trace Element Research 142: 

412-432. 

242. Marshal WJ and Bangert SK (1995): "Clinical bioshemistry: 

metabolic and clinical aspects", 2
nd 

edition, El-Sevier Health 

Science. 247. 

243. Maruyama Y, Adachi Y, Aoki N Suzuki Y, Shinohara H and 

Yamamoto T (1991): Mechanism of feminization in male patients 

with non-alcoholic liver cirrhosis:  role of sex hormone-binding 

globulin. The Japanese Society of Gastroenterology.  26: 435-439.  

244. Mastoi AA, Devrajani BR, Rahaboto Q, Memon SA, Qureshi GA. 

(2009): Antioxidant activity and metabolic disturbances in 

hepatitis C patients with or without diabet mellitus. World 

Applied Sciences Journal 7: 971-977.  

245. Matsuoka S.,  Matsumura H.,  Nakamura H.,  Oshiro S., Arakawa 

Y.,  Hayashi J., Sekine N.,  Nirei K.,  Yamagami H.,  Ogawa 

M.,  Nakajima N.,  Amaki S., Tanaka N. and  Moriyama M. 

(2009): Zinc supplementation improves the outcome of chronic  

hepatitis C and liver cirrhosis. Journal of Clinical Biochemistry 

and Nutrition. 45: 292-303. 

246. Mattson, L.; Grillner, L. and Weiland, O. (1992): Seroconversion 

to hepatitis C virus antibodies in patients with acute post 

transfusion non-A,  non-B hepatitis in Sweden with a second 

generation test. Sand. J. Infect. Dis. 24: 15-20. 

http://www.springerlink.com/content/?Author=Lucianna+Fernandes+J.+C.+Marques
http://www.springerlink.com/content/?Author=Carmen+Marino+Donangelo
http://www.springerlink.com/content/?Author=Juliana+Gastao+Franco
http://www.springerlink.com/content/?Author=Luciane+Pires
http://www.springerlink.com/content/?Author=Aderval+Severino+Luna
http://www.springerlink.com/content/?Author=Gustavo+Casimiro-Lopes
http://www.springerlink.com/content/?Author=Patricia+Cristina+Lisboa
http://www.springerlink.com/content/?Author=Josely+Correa+Koury
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Shunichi+Matsuoka&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Hiroshi+Matsumura&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Hitomi+Nakamura&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Shu+Oshiro&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Yasuo+Arakawa&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Junpei+Hayashi&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Naoki+Sekine&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Kazushige+Nirei&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Hiroaki+Yamagami&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Masahiro+Ogawa&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Noriko+Nakajima&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Shuichi+Amaki&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Naohide+Tanaka&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Mitsuhiko+Moriyama&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds


References  

 - 191 - 

247. Mauro P, Renze, Wouter W. (2006): Enzynes. In: Tietz text book 

of clinical chemistry and molewlar diagnostics. Carl AB. Edward 

R, David EB. 4
th

 estradiol, Elsevier; 604-616. 

248. McClain, C.J.; Hill, D.B.; Shedlofsky, S.I.; et al. (1997): Zinc and 

diseases of the digestive tract. Dordrecht: Kluwe Academic 

Publishers. 77-86. 

249. McDonagh A.F., Palma A.A., Lauff J.J. and Wu T.W. (1984): 

Origin of mammalian biliprotine and rearrangement of bil-

glucurondes in vivo in the rat. J. Clin. Jnvest. 74: 763-770. 

250. McDonald R.S. (2000): The role of zinc in growth and cell 

proliferation. J. Nutr. 130: 1500-1508. 

251. McPhoul M.J. and Young M. (2001): Complexities of androgen 

action. J. Am. Acad. Dermatol., 45: 587-594. 

252. Meinhardt U.; Mullis, P.E. (2002): "The essential role of 

aromatase/p450 arom". Semin. Repod. Med., 20: 277-284. 

253. Meram I, Sirmatel F, Ahi S, Tarakcioglu M (2004): Plasma 

copper and zinc levels in chronic viral hepatitis. Saudi Med. J.; 

25: 1066-1069. 

254. Merican I, Sherlock S, McIntyre N, Dusheiko GM (1993): 

Clinical, biochemical and histological features in 102 patients 

with chronic hepatitis C virus infection, J.  Med.; 86: 119-125. 

255. Mertz W. (1988): The essential trace elements. Science., 213: 

1332-1338.  

256. Mitsuhiko M., Hiroshi M., Akiko F., Kenji O., Yasuo A., 

Kazushige N., Hiroaki Y., Miki K., Naohide T., Yaeuyuki A. 

(2006): Clinical significance of evaluation of serum zinc 

concentrations in C-viral chronic liver disease, Digestive Diseases 

and Science. 51: 1967-1977. 



References  

 - 192 - 

257. Mizuno A, Uematsu T, Gotoh S Katoh E, Nakashima M. (1996). 

The measurement of caffeine concentration in  scalp hair as an 

indicator of liver Disease; 48: 660-665. 

258. Mohamed, M.I. and Kassab, F.M.A. (2007): Some immunological 

hematological and biochemical parameters characteristics of the 

HCV healthy carrier. Isotope and Rad. Res., 39: 533-543. 

259. Mohamed MK, Abdel-Hamid M, Mikhail NN, Abdel-Aziz F, 

Medhat A, Magder LS, Fix AD and Strickland GT. (2005): 

Intrafamilial transmission of hepatitis C in Egypt Hepatology. 

Sept.; 42: 683-687. 

260. Mohammad MK, Zhou Z, Cave M, Brave A, Mc Clain (2012): 

Zinc and liver disease. Nut. Clin. Pract. 22: 8-12. 

261. Morgentaler, A., and Traish, A.M. (2009): "Shifting the paradigm 

of testosterone and prostate cancer: the saturation model and the 

limits of androgen-dependent growth". Eur. Urol. 52: 310-321.  

262. Moriyama M., Matsumura H., Fukushima A., Ohkido K., 

Arakawa Y., Nirei K., Yanagami H., Kaneko M., Tanaka N., 

Arakawa Y. (2006): Clinical significance of evaluation of serum 

zinc concentrations in C-viral chronic liver disease, Digestive 

Diseases and Science. Springer Science + Business Media, 

Dordrecht, Netherlands, 51: 1967-1977. 

263. Murakami, Y.; Koyabu, T.; Kawashima, A.; Kakibuchi, N.; 

Kawakami, T.; Takaguchi, K.; Kita, K. and Okita, M. (2007): 

Zinc supplementation prevents the increase of transaminase in 

chronic hepatitis C patients during combination therapy with 

pegylated interferon alpha-2b and ribavirin. Journal of Nutritional 

Science and Vitaminology. Center for Academic Publications 

Japan Tokyo, Japan. 53: 213-218. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katoh%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakashima%20M%22%5BAuthor%5D


References  

 - 193 - 

264. Mustoi AA., Bibi S., Shoaib A., Devrajani R B., Memon S A, 

Qureshi A G and  Sami W. (2011): Metabolic  Investigation in 

Hepatitis B Patients with or Without Diabetes mellitus to  

Determine the Impact of Anti-Oxidant Activity.World Applied 

Sciences Journal 15 : 765-771. 

265. Nagamine, T. (1997): The possible role of zinc and 

metallothionein in the liver in the therapeutic effect of IFN-alpha 

to hepatitis C patients. Biol. Trace Elem. Res., 58: 65-76. 

266. Nagamine, T., Takagi, H., Takayama, H., Kojima, A., Kakizaki, 

S., Mori, M. and Nakajima, K. (2000): Preliminary study 

ofcombination therapy with interferon alpha and zinc in chronic 

hepatitis C patients with genotype 1b. Biol. Trace Elem. Res., 75, 

53-63. 

267. Nakayama, A.; Fukuda, H.; Ebara, M.; Hamasaki H, Nakajima K, 

Sakurai H. (2002): A new diagnostic method for chronic hepatitis, 

liver cirrhosis, and hepatocellular carcinoma based on serum 

metallothionein, copper, and Zinc levels. Biol Pharm Bull., 25: 

426-431. 

268. Neff G.W.; O'Brien, C.B.; Shire, N.J.; DeManno, A.; Kahn, S.; 

Rideman, E.; Safdar, K.; Madariaga, J.; Rudich, S.R. (2004): 

Topical testosterone treatment for chronic allograft in liver 

transplant recipients with recurrent hepatitis C virus. 

Transplantation Proceedings Elsevier, New York, USA, 36: 3071-

3074. 

269. Nguyen H.V.; Mollison, L.C.; Taylor, T.W. Chubb SA, Yeap BB. 

(2006): Chronic hepatitis–C infection and sex hormone levels; 

effect of disease severity and recombinant interferon-alpha 

therapy. Int. Med. Jorn., 36: 362-366.  

270. Novick, S.G.; Godfrey, J.C. and Godfrey, N.J. (1996): How does 

Zinc modify the common cold? Med Hypoth., 46: 295-302. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamasaki%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakajima%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakurai%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chubb%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yeap%20BB%22%5BAuthor%5D


References  

 - 194 - 

271. Numara, N.; Ohori, H.; Hayakawa, Y.; Soitoh, Y.; Tsunoda, A. 

and Kanno, A. (1993): Demonstration of hepatitis C virus genome 

in saliva and urine in patients with type C hepatitis: Use fullness 

of the single round polymerase chain reaction method for 

detection of the HCV genome. J. Med. Virol., 41: 120-128. 

272. Okuda K, Nakashima T, Sakamoto K, Ikari T, Hidaka H, Kubo Y, 

Sakuma K, Motoike Y, Okuda H, Obata H.(1982): Hepatocellular 

carcinoma arising in non cirrhotic and highly cirrhotic livers: a 

comparative study of histopathology and frequency of hepatitis B 

markers. Cancer; 49: 450-455. 

273. Oliveira, M.C.; Pizarro, G.B.; Cassal, A.; Cremonese, R. and 

Vieira, J.G.H. (1999): Pituitary glycoprotein hormone α-subunit 

secreation by cirrhotic patients. Braz. J. Med. Biol. Res., 32: 73-

77. 

274. Olson, S.H.; Bandera, E.V.; Orlow, I. (2007): Variants in estrogen 

biosynthesis gens, sex, steroid hormone levels, and endometrial 

cancer: A Huge Review. Amr. Journal of Epidemiology; 165: 

235-245. 

275. Olthoff KM, Reddy KR. (2008): First, do no harm: The question 

of liver biopsy in living liver donors. Liver Transpl; 14: 420-422. 

276. Olynyk, J.K.; Reddy, K.R.; Di Bisceglie, A.M.; Jeffers LJ, Parker 

TI, Radick JL, Schiff ER, Bacon BR. (1995): Hepatic iron 

concentration as a predictor of response to interferon alpha 

therapy in chronic hepatitis C. Gastroenterology, 108: 104-109. 

277. Orazia, M. Garanata, Giuseppe Cerruba, Giuseppe Montalto, 

Monica Miele Vincenzo Bellavia, Giuseppe Modica, Charles, H. 

Blomgwst and Luigi A.M. Castagne Ha (2002): Altered androgen 

metabolism eventually leads hepatocellular carcingua to an 

impaired hormone responsiveness. Molecular and Cellular 

Endocrinology. 193: 1- 2.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakuma%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Motoike%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okuda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Obata%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jeffers%20LJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parker%20TI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parker%20TI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parker%20TI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Radick%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schiff%20ER%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bacon%20BR%22%5BAuthor%5D


References  

 - 195 - 

278. Osoba A.O.; Ibrahim, M.; Abdelaal, M.A.; Al-Mowallad, A.; Al-

Shareef, B.; Hassein, B.A (2000): Hepatitis virus genotyping 

bypolymerase Chain Reaction and DNA Enzyme Immunoassay 

among Saudi patients in the Western Province, Saudi Arabia. 

Annals of Saudi-Medicine, 20: 394-397. 

279. Oteiza P.I. and Mackenzie, G.G. (2005): Zinc and human health. 

Mol Aspects Med., 26: 245-255. 

280. Ozcelik D, Ozaras R, Gurel Z, Uzun H, Aydin S.(2003): Copper-

mediated oxidative stress in rat liver. Biol Trace Elem. Res. 96: 

209-215. 

281. Ozturk A.; Baltaci, A.K.; Bediz, G.S.; Mogulkoc, R.; Gunga, S 

(2003): Effect of zinc and melatonin on testicular tissue of rats. 

Biological Trace Element Research, 96: 255-262. 

282. Pal S.; He, K. and Aizenman, E. (2004): Nitrosative stress and 

potassium channel-mediated neuronal apoptosis: Is zinc the link? 

Pflugers Arch., 448: 296–303. 

283. Palmiter R.; Cole, T. and Findley SD. (1996): ZnT-2, a 

mammalian protein that confers resistence to zinc by facilitating 

vesicular sequestration. Embo. J., 15: 1784-1791. 

284. Park GJ, Lin BP, Ngu MC, Jones DB, Katelaris PH. (2000): 

Asparta aminotransferase: alanine aminotransferase ratio in 

chronic hepatitis C infection: is it a useful predictor of cirrhosis? 

J. Gastroenterol Hepatol.; 15: 386-390. 

285. Parsons S.E. and DiSilvestro, R.A. (1994): Effects of mild zinc 

deffeciency, plus or minus an acute phase response, on 

galactosamine induced hepatitis in rats. Br. L. Nutr., 72: 611-618. 

286. Patel A.; Sheriock, S.; Dusheiko, G.; Scheuer, P.J.; Ellis, L.A. and 

Ashafzodeh, P. (1991): Clinical course and histological 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozcelik%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozaras%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gurel%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uzun%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aydin%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/14716100
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Findley%20SD%22%5BAuthor%5D


References  

 - 196 - 

correlation in post-transfusion hepatitis C: The Royal free 

Hospital experience. Eur. J. Gastro. Hepatol., 3: 491-495. 

287. Patel K., Zakry A., and John G. and McHutchisom (2005): 

Steatosis and chromic hepatitis C virus infection: Mechnisms and 

significance. Clinics in Liver Disease, 9: 399-410. 

288. Paulsen I.T. and Saier, M.H. (1997): A novel family of abiquitous 

heavy metals ion transport protiens. J. Mem. Biol. 156: 99-103. 

289. Pawlotsky J.M. (1999): Diagnostic tests for hepatitis C., J 

Hepatol.; 31: 71-79. 

290. Peters T. (1985), Serum albumin, Adv. Protein Chem. 37: 161-

245. 

291. Petit J.M.; Bour, J.B.; Galland-Jos, C.; Minello A, Verges B, 

Guiguet M, Brun JM, Hillon P. (2001): Risk factors for diabetes 

mellitus and early insulin resistance in chronic hepatitis C. J. 

Hepatol., 35: 35. 

292. Pinzani M, Vizzutti F, Arena U, Marra F. (2008): Technology 

Insight: noninvasive assessment of liver fibrosis by biochemical 

scores and elastography. Nat Clin. Pract Gastroenterol Hepatol.; 5: 

95-106. 

293. Plockinger U.; Kruger, D.; Bergk, A.; Weich, V.; Wiedemann, B; 

Berg, T. (2007): Hepatitis C patients have reduced growth 

hormone (GH) secretion which improves during long-term 

therapy with pegylated interferon-alpha. American Journal of 

Gastroenterology. 102: 2724-2731. 

294. Pol S, Nalpas B, Vassault A, Bousquet-Lemercier B, Franco D, 

Lacour B, Berth elot P. Hanoune J, Barouki R, (1991): Hepatic 

activity of mitocochondrial aspartate aminotransferase marker of 

alcoholism isoenzymes in alcoholic and coholic liver disease. 

Hepatology. 9: 620-625. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Minello%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verges%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guiguet%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brun%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillon%20P%22%5BAuthor%5D


References  

 - 197 - 

295. Poo, J.L.; Rosas-Romero, R.; Rodriguez, F.; Silencio JL, Muñoz 

R, Bourges, H, Uribe, M. (1995): Serum Zinc concentrations  in 

two cohorts of 153 healthy subjects and 100 cirrhotic patients 

from Mexico City. Dig Dis., 13:136–142. 

296. Poo J.L.; Rosas-Romero, R.; Montemayor, A.C.; Isoard F, Uribe 

M. (2003): Diagnostic value of the copper/zinc ratio in 

hepatocellular carcinoma: a case control study. J Gastroenterol., 

38:45-51. 

297. Pourfallah F, Javadian S, Zamani Z, Saghiri R, Sadeghi S, Zarea 

B, Faiaz Sh,  Mirkhani F and Fatemi N (2009):  Evaluation of 

serum levels of zinc, copper,  iron, and zinc/copper ratio in 

cutaneous leishmaniasis. Irania Journal  Arthropod-Borne 

Diseases; 3: 7-11. 

298. Powell S.R. (2000): The antioxidant properties of zinc. J. Nutr., 

130: 1447-54. 

299. Poynard T, Bedossa P, Opolon P (1997):  Natural history of liver 

fibrosis progression in patients with chronic hepatitis C. The 

Obsvirc, Metavir, Clinivir and Dosvirc groups. Lancet; 349:825-

832. 

300. Pramoolsinsap C, Promvanit N, Komindr S, Lerdverasirikul P and 

Srianujata S; Serum trace metals in chronic viral hepatitis and 

hepatocellular carcinoma in Thailand (1994). J. Gastroenterol.; 

29: 610-615.  

301. Pramoolsinsap C., Promvanit, N. and Kurathongs, S (1996): 

Serum trace metal levels in patients with acute hepatitis B. 

Southeast Asian J. Trop. Med. Public Health, 27: 476-480. 

302. Prasad A.S. (1995): Zinc: An overview, Nutrition, 11: 93-99. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Isoard%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uribe%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uribe%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uribe%20M%22%5BAuthor%5D


References  

 - 198 - 

303. Prasad A.S.; Mantzoros, C.S.; Beck FW, Hess JW, Brewer GJ. 

(1996): Zinc status and serum testosterone levels of healthy 

adults. Nutrition. 12: 344-8. 

304. Prasad A.S.; Beck, F.W.; Gradbowski, S.M.; Kalpan, J. and 

Mathog, R.H. (1997): Zinc deficiency: Changes in cytokine 

production and T-cell subpopulations in patients with head and 

neck cancer and in non-cancer subjects. Proc. Assoc. Am. 

Physicians, 109: 68-77. 

305. Prasad A.S. (1998-a): Zinc and immunity. Mol Cell Biochem., 

188: 639. 

306. Prasad A.S. (1998-b): Zinc in human health: an update. J. Trace 

Elem. Exp. Med., 11: 63-87.  

307. Prasad AS, Bao B, Beck FW, Sarkar FH (2001): Zinc activates 

NF-kappa B in HUT-78 cells. J. Lab. Clin. Med. 138: 250-256. 

308. Prasad A.S. (2003): Zinc deficiency. B M J. 326: 409-410. 

309. Prasad A.S.; Bao B, Beck FW, Kucuk O, Sarkar FH. (2004): 

Antioxidant effect of zinc in humans. Free Radic. Biol. Med., 37: 

1182-1190. 

310. Prasad A.S (2009): Impact of the discovery of human zinc 

deficiency on health. Journal of the American College of 

Nutrition. 28: 257- 265.  

311. Prati D., Shiffman M.L., Diago M., Gane E., Rajender Raddy K., 

Pockros P., Farci P., O'Brien C.B., Lardelli P., Blotner S. and 

Zeuzem S. (2006): Viral and metabolic factors influencing alanine 

aminotransferase activity in patients with. J. Hepatol, 44: 679-685. 

312. Prossnitz E.R., Arterburn, J.B. and Sklar, L.A. (2007): GPR 30: 

AG protein–coupled receptor for esterogen. Mol. Cell. 

Endocrinol. 265-266. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beck%20FW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hess%20JW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brewer%20GJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11574819
http://www.ncbi.nlm.nih.gov/pubmed/11574819
http://www.ncbi.nlm.nih.gov/pubmed/11574819
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bao%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beck%20FW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kucuk%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sarkar%20FH%22%5BAuthor%5D


References  

 - 199 - 

313. Quero J.C.; Carmona, I.; Garcia, J.M.; Jiménez Sáenz M, 

Herrerías Gutiérrez JM. (2003): Hepatic encephalopathy: 

nomenclature, pathogenesis and treatment. Rev Esp Enferm Dig., 

95:127-142.  

314. Rahapoto Q., Shaikh S., Shaikh  AM.,  Mastoi AA., Aalmani S. 

(2010): Serum copper and zinc concentration in patients with 

chronic hepatitis C. Medical Channel. 16: 27-29. 

315. Ralph, A., and McArdle, H. J. (2001). Copper metabolism and 

requirements in the pregnant mother, her fetus, and children. New 

York: International Copper Association. 

316. Rand M.L. and Murray R.K. (2000): Plasma proteins, 

immunoglobulins, and blood coagulation. In: Harper’s 

biochemistry, eds. Murray RK, Granner DK, Mayes PA, Rodwell 

VW, 25th ed., Appleton and Lange, Stamford, CT. : 741–744.  

317. Ray SC, Arthur RR, Carella A, Bukh J, Thomas DL. (2000): 

Genetic epidemiology of hepatitis C virus throughout Egypt. J. 

Infect.  Dis. 182: 698-707 

318. Realdi G.; Alberti, A. and Rugge, M. (1982): Long-term follow up 

of acute and chronic non-A, non-B post transfusion hepatitis: 

Evidence of progression of liver cirrhosis. Gut. 23: 270-275. 

319. Reedy DW.,  Loo AT.  and  Levine RA. (1998): AST/ALT ratio 

≥1 is not diagnostic of cirrhosis in patients with chronic hepatitis 

C. Digestive Diseases and Sciences. 43: 2156-2159. 

320. Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG, 

Pyrsopoulos NT, Feng ZZ, Reddy KR, Schiff ER (2002): 

Sampling error and intraobserver variation in liver  biopsy in 

patients with chronic HCV infection. Am. J. Gastroenterol.; 97:  

2614-2618. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jim%C3%A9nez%20S%C3%A1enz%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herrer%C3%ADas%20Guti%C3%A9rrez%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ray%20SC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arthur%20RR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carella%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bukh%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thomas%20DL%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Infect%20Dis.');
javascript:AL_get(this,%20'jour',%20'J%20Infect%20Dis.');
javascript:AL_get(this,%20'jour',%20'J%20Infect%20Dis.');
http://www.springerlink.com/content/?Author=Dennis+W.+Reedy
http://www.springerlink.com/content/?Author=Alice+T.+Loo
http://www.springerlink.com/content/?Author=Robert+A.+Levine
http://www.springerlink.com/content/0163-2116/


References  

 - 200 - 

321. Reitman, S. and Frankel, S. (1957): A colourimentric method for 

the determination of serum glutamic oxaloacetic and glutamic 

pyruvic transaminases, Am. J. Clin. Pathol. 28: 56-65. 

322. Robert K. Murray, Daryl K. Granmer, Peter A. Mayes and Victor 

W. Fodwell (2000): Harper's Biochemistry 25
th

 Edition, Appleton 

and Lance, Stanford, Connecticut. 596-597. 

323. Robson S.C. and Kirsch R.E. (1991): National strategy for viral 

hepatitis: Recommendation and guidelines for management in 

South Africa. South African Med. J. 80: 347-356. 

324. Rodriguez-Moreno F., Gonzalez-Reimers E., Santolaria-

Fernandez F., Galindo-martin L., Hernandez-Torres O., Batista-

Lopez N. , Molina-Perez M. (1997): Zinc, copper, manganese and 

iron in chronic alcoholic liver disease. Alcohol. 14: 39-44. 

325. Romero Alvira, D., Guerrero Navarro, L., Gotor Lazaro, M.A. and 

Roche Collado, E (1995): Oxidative stress and infectious 

pathology. Ann. Med. Int., 12: 139-149. 

326. Rosalki and Mcintyre, (1999): Biochemical investigations in 

management of liver disease. Oxford text book of clinical 

hepatology, 2
nd

 ed. New York; Oxford University press; 503-521. 

327. Rosas R, Poo JL, Montemayor A, Isoard F, Majluf A, Labardini J. 

(1995): Utility of the copper/zinc ratio in patients with lymphoma 

or acute or chronic leukemias. Rev. Invest. Clin.  47: 447-52. 

328. Rukgauer M, Neugebauer R J and Plecko, T (2001): The relation 

between selenium, zinc and copper concentration and the trace 

element dependent antioxidative status. J. Trace Elem. Med. Biol., 

15: 73-78. 

329. Sablon, E. and Shapiro, F. (2005): Advances in Molecular 

Diagnosis of HBV Infection and Drug Resistance. Int. J. Med. Sc., 

2: 8-16. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Molina-Perez%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rosas%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poo%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Montemayor%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Isoard%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Majluf%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Labardini%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/8850142


References  

 - 201 - 

330. Samojlik E.; Kirschner MA, Ribot S, Szmal E. (1992): Changes in 

the hypothalamic-pituitary-gonadal axis in men after cadaver 

kidney transplantation and cyclosporine therapy. Journal of 

Andrology. 13: 332-336. 

331. Sandstead H.H. (2000): Causes of iron and zinc deficiencies and 

their effects on brain. J. Nutr., 130: 347–349. 

332. Sangiovanni A, Prati GM, Fasani P, Ronchi G, Romeo R, Manini 

M, Del Ninno E, Morabito A, Colombo M.(2006): The natural 

history of compensated cirrhosis due to hepatitis C virus: A 17-

year cohort study of 214 patients. Hepatology. Jun; 43: 1303-

1310. 

333. Santos-Neto L.; Tosa, C.E. and Dorea, J.G. (1992): Zinc reverses 

the increased sensitivity of lymphocytes from aged subjects to the 

antiproliferative effect of prostaglandin E2. Clin. Immunol. 

Immunopathol. 64: 184-187. 

334. Sarwar S.; Butt, A.K.; Khan, A.A.; Alam, A.; Ahmed, L.; Dilshad, 

A. (2006): Serum alanine aminotransferase level and response to 

interferon ribavirin combination therapy in patients with chronic 

hepatitis C., JCPSP Journal of the College of Physicians and 

Surgeons, Pakistan, 16: 460-463. 

335. Sarwar S and Tarique S (2010): Treatment failure in chronic 

hepatitis C: Predictors other than viral kinetics. Rawal. Med. J. 35: 

9-11. 

336. SAS (2000): Statistical analysis system, SAS User’s Guide: 

Statistics. SAS institute INC. Editors, Cary, NC. 

337. Sayed H.A.; El-Ayyat, A.; El-Dusoki, H.; Zoheiry, M.; Mohamed, 

S.; Hassan, M.; El-Assaly, N.; Awad, A.; El-Ansary, M.; Saad, A.; 

El-Karin, A.A. (2005): A cross sectional study of hepatitis B, C, 

some trace elements, heavy metals, aflatoxin B1 and 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kirschner%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ribot%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Szmal%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sangiovanni%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prati%20GM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fasani%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ronchi%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Romeo%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manini%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manini%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manini%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Del%20Ninno%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morabito%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Colombo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20natural%20history%20of%20compensated%20cirrhosis%20due%20to%20hepatitis%20C%20virus%3BA%2017-year%20cohort%20study%20of%20214%20patients.%20%20


References  

 - 202 - 

Schitosomiasis in a rural population, Egypt., J. Egyptian Public 

Health Association, 80: 355-388. 

338. Schulthesiss O.C.; Campbell, K.L.; Mc Clelland, D.C. (1999): 

Implict power motivation moderates men's testosterone response 

to imagined and real dominance success. Horm. Behav. 36: 234-

241. 

339. Seltzer J.L; Jeffrey, J.J. and Eisen, A.Z. (1997): Evidence for 

mammalian collagenase as Zinc ion metalloenzymes. Biochem. 

Biophys. Acta. 485: 179- 187. 

340. Selveraju R., Raman R. G., Narayanaswamy R., Valliappan R., 

Baskaran R. (2009): Trace Element Analysis in Hepatitis B 

Affected Human Blood Serum by Inductively Coupled Plasmaa 

Emission Spectroscopy (ICN-AES). Romanian J. Biophys. 19: 35-

42. 

341. Shankar, A.H. and Prasad, A.S (1998): Zinc and immune 

function: the biological basis of altered resistance to infection. 

Am. J. Clin. Nutr. 68: 447S–463S. 

342. Shenoy D, Pia N, Pillia A, Chakrapani M,Tantry BV (2002): 

Hepatitis-associated Aplastic Anaemia. JIACM; 398-399. 

343. Shepard C.W., Finelli L. and Alter M.J. (2005): Global 

epidemiology of hepatitis C virus infection; Lancet Infect. Dis., 5: 

558-567. 

344. Sherlock S. and Dooley, J. (2002): Hepatocellular failure, chapter 

(6). In: Diseases of the liver & biliary system".11
th

 edition, 

Blackwell Science. 89-91.  

345. Sheth SG, Gordon FD, Chopra S. (1997): Nonalcoholic steato 

hepatitis. Ann. Intern. Med. 126: 137-145. 

346. Shimizu I.; Inoue, H.; Yano, M.; Shinomiya, H.; Wada, S.; Tsuji, 

Y.; Tsutsui, A.; Okamura, S.; Shibata, H.; Ito, S. (2001): Estrogen 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sheth%20SG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gordon%20FD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chopra%20S%22%5BAuthor%5D


References  

 - 203 - 

receptors levels and lipid peroxidation in hepatocellular carcinoma 

with hepatitis C virus infection. Liver (Copenhagen), MunKsgaard 

international published Ltd, Copenhagen, Denmark, 21: 342-349. 

347. Shimizu I. (2003): Impact of estrogens on the progression of liver 

disease. Liver International, 23: 63-69. 

348. Simmonds P. (1999): Viral heterogeneity of the hepatitis C virus. 

Journal of Hepatology, 31:54-60. 

349. Simpson E.R. and Davis, R. (2001): Minireview: aromatase and 

the regulation of estrogen biosynthesis-some new perspectives. 

Endocr. 142: 4589-4594. 

350. Simpson ER (2003): Sources of estrogen and their importance. J. 

Steroid Biochem. Mol. Biol., 86: 225–230. 

351. Solioz, M., and Vulpe, C. (1996): CPx-type ATPases: A class of 

P-type ATPases that pump heavy metals. Trends Biochem. Sci., 

21:237–241. 

352. Solis-Herruzo JA, Perez-Carreras M, Rivas E, Fernandez-Vazquez 

I Garfia CE, Bernardos Castellano G and Colina F (2005): Factors 

associated with the presence of nonalcoholic steatohepatitis in 

patients with chronichepatitis  C. Am. J. Gastroenterol; 100: 1091-

1098. 

353. Solomons, N.W. (1998): Mild human zinc deficiency produces an 

imbalance between cell-mediated and trunoral, immunity. Nutr. 

Rev. 56: 27-28. 

354. Somi M.H., Rahimi A.O, Moshrefi B., Rezaeifar P and Maghami 

J.G. (2007): Nutritional Status and Blood Trace Elements in 

Cirrhotic Patients Hepatitis Monthly; 7: 27-32. 

355. Song Y.M. and Chen, M.D. (2003): Zinc supplementation 

attenuates thioacetamide-induced liver injury and hyperglycemia 

in mice. Biol. Trace Elem. Res., 92: 173-180.  



References  

 - 204 - 

356. Soomro AA, Devrajani BR, Shaikh K, Shah SZA, Devrajani T 

and Bibi I (2009): Serum zinc level in patients with liver cirrhosis. 

Pak. J. Med. Sci. 25: 986-991. 

357. Sorbi D., Boynton J., Lindor K.D. (1999): The ratio of aspartate 

aminotransferase to alanine aminotransferase: potential value 

indifferentiating nonalcoholic steatohepatitis from alcoholic liver 

disease. Am. J. Gastroenterol. 94: 1018-22. 

358. Sotil E. U., Jensen D. M. (2004): Serum enzymes associated with 

cholestasis. Clin. Liver Dis. 8: 41-54. 

359. Soza A., Everhart JE, Gay M.G., Doe E, Heller T. Primark, Porky, 

Liang TJ, Hoofnagle JH (2002): Neutropenia during combination 

therapy of interferon Alfa and ribavirirn for chronic hepatitis C. 

Medical Writers circle. 

360. Speir E. (2000): Cytomegalovirus gene regulation by reactive 

oxygen species: Agents in atherosclerosis. Ann. NY Acad. Sci. 

899:  363-374. 

361. Speir E., Yu, Z.X., Takeda, K., Ferrans, V.J. and Cannon, R.O. 

(2000): Antioxidant effect of estrogen on cytomegalovirus-

induced gene expression in coronary artery smooth muscle cells. 

Circulation, 10: 2990-2996. 

362. Sriramachari S.; Tandon, B.N. and Acharya, S.K. (1996): Excess 

Zinc and progressive cholestasis: a new disease? Lancet, 347: 

845-846. 

363. Stallarad L. and Reeves, P.G. (1997): Zinc deficiency in adult rats 

reduces the relative abundance of testis-specific angiotensin-

converting enzyme RNA.; J. Nutrition. 127: 25-29. 

364. Stamoulis I,  Kouraklis G and  Theocharis S (2007): Zinc and the 

liver: An active interaction. digestive diseases and sciences, 52: 

1595-1612. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sorbi%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boynton%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lindor%20KD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20ratio%20of%20aspartate%20aminotransferase%20to%20alanine%20aminotransferase%3A%20potentian%20value%20in%20differentiating%20nonalcoholic%20steatohepatitis%20from%20alcoholic%20liver%20disease.
http://www.springerlink.com/content/?Author=Ioannis+Stamoulis
http://www.springerlink.com/content/?Author=Grigorios+Kouraklis
http://www.springerlink.com/content/?Author=Stamatios+Theocharis
http://www.springerlink.com/content/0163-2116/
http://www.springerlink.com/content/0163-2116/52/7/


References  

 - 205 - 

365. Streiff B.M., Mehta S. and Thomas L.D. (2002):  Peripheral blood 

count abnormalities among patients with hepatitis C in the United 

States. Hepatology. 35: 947-952. 

366. Strickland G.T., Elhefni H., Salman T., Waked I., Abdel-Hamid 

M., Mikhail N.N., Esmat G. and Fix A. (2002): Role of hepatitis C 

infection in chronic liver disease in Egypt.  Am. J. Trop. Med. 

Hyg. 67: 436-42. 

367. Suwantarat N., Tice D.A., Thana Khawcharoenporn T.H., 

Dominic C. and Chow D.C. (2010): Weight loss, leukopenia and 

throm-bocytopenia associated with sustained virologic response to 

hepatitis C treatment. Int. J. Med. Sci. 7: 36-42.  

368. Suzuki K, Oyama R, Hayashi E and Arakawa Y (1996): Liver 

diseases and essential trace elements, Nippon Rinsho, 54: 85-92. 

369. Suzuki H., Sato K., Kakagi H., Kanda D., Sohara N., Kakizaki S., 

Nakajima H., Otsuka T., Nagamine T., Mori M. (2006-a): 

Randomized controlled trail of consensus interferon with or 

without zinc for chronic hepatitis C patients with genotype 2. 

World Journal of Gastroenterology, WJ Press, Beijing, China, 12: 

945-950. 

370. Suzuki H., Takagi H., Sohara N., Kanda D., Kakizaki S., Sato K., 

Mori M. (2006-b): Triple therapy of interferon and ribavirin with 

zinc supplementation for patients with chronic hepatitis C: a 

randomized controlled clinical trail. World Journal of 

Gastroenterology, WJG Press, Chino, 12: 1265-1269. 

371. Svirtlih N, Jevtovic D, Simonovic J, Delic D, Dokic L, 

Gvozdenovic E, Boricic I, Nesic Z, Neskovic G, Urban V (2007): 

Older age at the time of liver biopsy is the important risk factor 

for advanced fibrosis in patients with chronic hepatitis C. 

Hepatogastroenterology. 54: 2324-2327. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Svirtlih%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jevtovic%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simonovic%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delic%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dokic%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gvozdenovic%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boricic%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nesic%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Neskovic%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Urban%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/18265657


References  

 - 206 - 

372. Swaab D.F. and Falgueras, G. (2009): Sexual differentiation of the 

human brain in relation to gender identity and sexual orientation. 

Funct. Neurol. 24: 17-28. 

373. Takagi H., Nagamine T., Abe T., Takayama H., Sato K., Otsuka 

T., Kakizaki S., Hashimoto Y., Matsumoto T., Kojima A., 

Takezawa J., Suzuki K., Sato S., Mori M. (2001): Zinc 

supplementation enhances the response to interferon therapy in 

patients with chronic hepatitis C. Journal of Viral Hepatits. 8: 

367-371. 

374. Takeyama, Y.; Ogino, K.; Segawa, H.; Kobayashi H, Uda T, 

Houbara T. (1995): Effects of zinc on production of active oxygen 

species by rat neutrophils. Pharmacol Toxicol. 76: 50-5. 

375. Tallman, D.L. and Taylor, C.G. (2003): Effect of dietary fat and 

zinc on adiposity, serum leptin and adipose fatty acid composition 

in C57BL /6J mice. Journal of Nutrition and Biochemistry. 14: 

17-23.  

376. Tan Chao, Chen Hui and Wu Tong (2010): Classification Models 

for Detection of Lung Cancer Based on Nine Element Distribution 

of Urine Samples. Biological Trace Element Research 10: 8748-4. 

377. Tanaka K., Ikematsu H., Hirohata T. and Kashiwagi S. (1996): 

Hepatitis C virus infection and risk of hepatocellular carcinoma 

among Japanese: Possible Role of Type 1b (II) infection. Journal 

of the National Cancer Institute. 88: 742-746. 

378. Tanaka K., Sakai H., Hashizume M., and Hirohata T. (2000): 

Serum Testosterone/Estradiol Ratio and the Development of 

Hepatocellular Carcinoma among Male Cirrhotic Patients. Cancer 

Res. 60: 5106-5110. 

379. Tanasescu, C., Baldescu, R. and Chirulescu, Z. (1996): 

Interdependence between Zn and Cu serum concentrations and 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uda%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Houbara%20T%22%5BAuthor%5D
http://www.springerlink.com/content/0163-4984/


References  

 - 207 - 

serum immunoglobulins in liver diseases.  Rom. J. Int. Med., 34: 

217-224. 

380. Tashiro H., Kawamoto T., Okubo T. and Koide O. (2003): 

Variation in the distribution of trace elements in hepatoma.  Biol. 

Trace. Elem. Res. 95: 49-63. 

381. Tatsushige N. and Kenji F. (1999): Significance of serum markers 

of fibrogenesis and trace metals in treatment of chronic hepatitis C 

with interferon. Biotherapy. 13: 1143-1147. 

382. Tayyab S., Khan N.J., Khan M.A and Kumar Y. (2003): 

Behaviour of various mammalian albumins towards bilirubin 

binding and photochemical properties at different bilirubin-

albumin complexes. International J. of Biolo. Macromolecules, 

31: 187-193. 

383. Tellinghuisen, T.L.; Marcotrigiano, J.; Gorbalenya, A.E.; Rice, 

C.M. (2004): The NS5A protein of hepatitis C virus is a zinc 

metalloprotein. J. Biol. Chem. 279: 48576-48587. 

384. Terasaki T., Nowlin D.M and Pardridge W.M. (1988): Journal of 

Clinical Endocrinology and Metabolism. 67: 639-643. 

 

385. Terres-Martos C.; Navarro-Alarcon, M.; Martin-Lagos, F.; 

Lopez-G, de la Serrana H.; and Lopez-Martinez, M.C. (1997): 

Determination of copper levels in serum of healthy subjects by 

atomic absorption spectrometry. Science of the Total Environment. 

198: 97-103. 

 

386. Terres-Martos C, Navarro-Alarcon M, Martin-Lagos F, Lopez-G 

de la Serrana H, Perez-Valero V, Lopez-Martinez MC (1998): 

Serum zinc and copper concentrations and Cu/Zn ratios in patients 

with hepatopathies or diabetes. J. Trace Elem. Med. Biol. 12: 44-49. 



References  

 - 208 - 

387. Thakur M.K. and Paramanik, V. (2009): Role of steroid hormones 

coregulators in health and disease. Hom. Res. 71: 194-200.  

388. Thapa B.R. and Walia Anuj (2007): Liver function tests and their 

interpretation. Indian J. Pediatr. 74: 663-671. 

389. Theocharis S.E.; Margeli AP, Klijanienko JT, Kouraklis GP. 

(2004): Metallothionein expression in human neoplasia. 

Histopathology. 45: 103-118. 

390. Thomas D.L.; Zenilmun, J.M.; Alter, H.J. and Purcell, R.H. 

(1995): Sexual transmission of hepatitis C virus among patients 

attending sexually transmitted disease in Baltimore. An analsis of 

309 sex partnerships. J. Infect. Dis. 171: 768-775. 

391. Thompson R.P.H.; Kruse-Jarres, J.D. and Schölmerich, J. (1997): 

Zinc and diseases of the digestive tract. Dordrecht: Kluwer 

Academic Publishers. 72-76. 

392. Thornberry Y and Lazebnik, A. (1998): Caspases: Enemies 

Within. Science: 1312-1316. 

393. Tibadiuza E.C. and Bobilya D.J. (1996): Zinc transport across and 

endothelium includes vesicular cotransport with albumin. J. Cell 

Physiol. 167: 539-547. 

394. Triger, D.R. and Wright, R. (1973): Hyperglobulinaemia in liver 

disease. Lancet. 1: 1494. 

395. Truong-Tran A.Q.; Carter, J.; Ruffin, R.E.; Zalewski PD. (2001): 

The role of zinc in caspase activation and apoptotic cell death. 

Biometals. 14: 315–330. 

396. Truong-Tran A.Q.; Grosser, D.; Ruffin, R.E.; Murgia C, Zalewski 

PD. (2003): Apoptosis in the normal and inflamed airway 

epithelium: role of zinc in epithelial protection and procaspase-3 

regulation. Biochem. Pharmacol. 66:1459–1468. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Margeli%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klijanienko%20JT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kouraklis%20GP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zalewski%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murgia%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zalewski%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zalewski%20PD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zalewski%20PD%22%5BAuthor%5D


References  

 - 209 - 

397. Tsukada S, Parsons C.J and Rippe R.A (2006): Mechanisms of 

liver fibrosis, Clinica. Chimica. Acta. 364: 33-60. 

398. Tudor R.; Zalewski, P.D.; Ratnaike, R.N. (2005): Zinc in health 

and chronic disease. J. Nutr. Health Aging. 9: 45-51. 

399. Turnlund, J. R., Swanson, C. A., and King, J. C. (1983): Copper 

absorption and retention in pregnant women fed diets based on 

animal and plant proteins. J. Nutr. 113:2346–2352. 

400. Turnlund, J.R. (1998): Human whole-body copper metabolism, 

Am. J. Clin. Nutr. 67: 960S–964S.  

401. Turnland, Judith (1994). "Copper" in Modern Nutrition in Health 

and Disease. 8
th

 ed. vol. 2. Philadelphia: Lea & Febiger. 231-240. 

402. Ufearo H, Kambal K, Onojobi G O., Nouraie M, Agbemabiese C, 

Diaz S, Aggarwal A, Aliyu Z,. Taylor R E and Gordeuk V R. 

(2010): Complete blood count, measures of iron status and 

inflammatory markers in inner city African Americans with 

undiagnosed hepatitis C seropositivity. Clinica Chinica Acta. 411: 

653-656. 

403. Vaillancourt S.J. and Allen, J.C. (1991): Glucocorticoid effects on 

Zinc transport into colostrums and milk of lactating cows. Boil. 

Trace Elem. Res. 30: 185-96. 

404. Vallari D.S.; Jett, B.W. and Alter, H.J. (1992): Serological 

markers of post-transfusion hepatitis C viral injection. J. Clin. 

Microbiol. 30: 552-556. 

405. Vallee, B.L. and Falchuk, K.H. (1993): The biochemical basis of 

zinc physiology. Physiological Review. 73: 79-118. 

406. Valli, M.B.; Serafino, A.; Crema, A.; Bertolini, L.; Manzin, A.; 

Lanzilli, G.; Bosman, C.; Iacovacci, S.; Giunta, S.; Ponzetto, A.; 

Clementi, M. and Carloni, G. (2006): Transmission in vitro of 



References  

 - 210 - 

hepatitis C virus from persistently infected human B-cells to 

hepatoma cells by cell-to-cell contact. J. Med. Virol. 78: 192. 

407. Van der Poel, C.I.; Cuyper, H.T.M. and Reesin, K.W.H. (1994): 

Hepatitis C virus six years on lancet, 344: 1475-1478. 

408. Van der Strate, B. W., Beljaars, L., Molema, G., Harmsen, M. C 

and Meijer, D. K (2001): Antiviral activities of lactoferrin. 

Antiviral Res. 52: 225-239. 

409. Villa E, Grottola A, Colantoni A, De Maria N, Buttafoco P, 

Ferretti I and Manenti F (2002): Role of estrogen receptors in the 

liver. Hepatocellular Carcinoma Annals of the New York 

Academy of Science. 963: 37-45. 

410. Völzke H., Aumann N., Krebs A., Nauck M., Steveling A., Lerch 

M. M., Rosskopf D, Wallaschofski H. (2010): Hepatic steatosis is 

associated with low serum testosterone and high serum DHEAS 

levels in men. International Journal of Andrology. 33: 45-53. 

411. Wai Chun-Tao , Greenson  Joel K., Fontana  Robert J. , 

Kalbfleisch n Robert J., Marrero Jorge A., Conjeevaram  Hari S., 

and  Lok Anna S.-F (2003): A simple noninvasive index can 

predict both significant fibrosis and cirrhosis in patients with 

chronic hepatitis C. Hepatology. 38: 518-526. 

412. Wang C.T., Huang K. C., Pan T. M.,  K. J. Chang K. J., Chang 

W.T. and Chou S.S.(2008): Variations in the concentrations of Cu 

and Zn and in the ratio of Cu to Zn in whole blood and hair 

samples from hepatocellular carcinoma patients and from healthy 

controls in Taiwan. Spectroscopy Letters, 41:144–150. 

413. Wang, L.C. and Bushey, S. (2005): Acquired acrodermatitis 

enteropathica. N. Engl. J. Med. 352: 1121. 

414. Wang AG, Lee KY, Kim SY, Kee JC, Lee H, Wang W, Kim JM, 

Park MG, Yeom YI, Kim NS and Yu DY (2006): The expression 

http://onlinelibrary.wiley.com/doi/10.1111/ija.2010.33.issue-1/issuetoc


References  

 - 211 - 

of estrogen receptors in hepatocellular carcinoma patients. Yonsei. 

Med. J. 47: 811-816. 

415. Watermann M.R. and Keeney, D.S. (1992): Genes involved in 

androgen biosynthesis and the male phenotype. Horm. Res. 38: 

217-221. 

416. Weksler BB. (2007): Review article: the pathophysiology of 

thrombocytopenia in hepatitis virus infection and chronic liver 

disease. Aliment. Pharmacol. Ther. 26: 13- 9. 

417. Wellinghausen N. and Rink, L. (1998): The significance of Zinc 

for leucocyte biology. J. Leukoc. Biol. 64: 571-7. 

418. Werman, M.J. and Bhathena, S.J. (1995): Fructose metabolizing 

enzymes in the rat liver and metabolic parameters: interactions 

between dietary copper, type of carbohydrates, and gender. J. 

Nutr. Biochem. 6: 373-379.  

419. White DL, Tavakoli-Tabasi S, Kuzniarek J, Pascua R, Ramsey 

JD, El-Serag BH  (2012): Higher serum testosterone is associated 

with increased risk of advanced hepatitis C–related liver disease in 

males. Hepatology. 55: 759-768.  

420. Williams R (2006): Global challenges in liver disease. 

Hepatology. 44: 521-526.  

421. Winge, D.R., and Mehra, R.K. (1990): Host defenses against 

copper toxicity. Int. Rev. Exp. Pathol. 31:47–83. 

422. Wong, W.Y.; Flik, G.; Groenean, P.M.; Swinkels, D.W. and 

Thomes, C.M. (2001): Copius-Peereboom JH, Merkus, HM, 

Steegers-Theunissen RH. The impact of calcium, magnesium, 

zinc and copper in blood and seminal plasma on semen 

parameters in man. Reproductive Toxicology, 15: 131-136. 

423. Wootton, LD.P. (1967): Micro-analysis in medical Biochemistry, 

4
th

 Ed., 79.  



References  

 - 212 - 

424. World Health Organization. (1998): Guidelines for drinking-water 

quality, 2
nd

 ed. 2. Geneva. 

425. Wright TL, Manns MP. Hepatitis C. In: Boyer TD, Wright TL, 

Manns MP, eds., Zakim and Boyer’s (2006): Hepatology. 5
th

 ed., 

Philadelphia: Saunders: 665–686. 

426. Yamaguchi M.; Mochizuki, A. and Okada, S. (1982): Stimulation 

of bone resorption by high dose of zinc in rats. J. Pharmacol. Dyn. 

5: 50-54. 

427. Yasuyuki A.‚ Misuhiko M. and Yasuo A. (2004): Liver cirrhosis 

and metabolism (suger‚ protein‚ fat and trace elements). Hepatol. 

Res. 30:46-58. 

428. Yates S.C., Hafez M., Beld M, Lukashov V.V., Hassan Z., 

Carboni G., Khaled H., Mcmorrow M., Attia M. and Goudsmit J. 

(2009); Am. J. Trop. Med. Hyg.; 60: 714-720.  

429. Ying Yuan, Ichiro Shimizu, Mi Shen, Eriko Aoyagi, Hidetaka Ta. 

Ltagaki, Mari Urata, Katsutaka Sannomiya, Nao Kohno, Katsuy 

Shono and tetsuji Takayama (2008). Effects of estradiol and 

progesterone on the proinflammatory cytokine production by 

monomuclear cells from P chronic hepatits C. World J 

Gastroenterol. 14: 2200-2207.  

430. Young N.S. (1999). Aquired aplastic anaemia. JAMA. 28:  271. 

431. Yoshida, Y.; Higashi, T.; Nouso, K.; Nakatsukasa H, Nakamura 

SI, Watanabe A, Tsuji T. (2001): Effects of zinc deficiency/zinc 

supplementation on ammonia metabolism in patients with 

decompensated liver cirrhosis. Acta Med. Okayama. 55: 349-355.  

432. Yu Ming-Whei, Chang Hung-Chuen, Chang Shun-Chiao, Liaw 

Yun-Fan, Lin Shi-Ming, Liu Chun-Jen, Lee Shou-Dong, Lin 

Chih-Lin, Chen Pei-Jer, Lin Shee-Chan, and Chen Chien-Jen 

(2003): Role of Reproductive Factors in Hepatocellular 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakatsukasa%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20SI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20SI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20SI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsuji%20T%22%5BAuthor%5D


References  

 - 213 - 

Carcinoma: Impact on Hepatitis B– and C–Related Risk 

Hepatology; 38: 1393-1400. 

433. Yuasa K., Naganuma A., Sato K., Ikeda M., Kato N., Takagi H. 

And Mori M. (2006). Zinc is a negative regulator of hepatitis C 

virus RNA replication. Liver Int. 26: 1111-1118.  

434. Zakaria, M. (2008): Presence of family members during cardio-

pulmonary resuscitation after necessary amendments. Siddique M. 

J. Pak. Med. Assoc. 58: 6325. 

435. Zalewski, P.D.; Forbes, I.J.; Grosser, D.; et al. (2005): 

Intracellular Zinc and the regulation of apoptosis.In: Watters LM, 

editor. Programmed cell death. Reading, UK:Harwood Publishers,  

73–85. 

436. Zidani A., Yahia M., Belhadi K. and Benbia S. (2011): A study of 

liver checkup in patients with hepatitis C in the region of Batna. 

World Academy of Science, Engineering and Technology. 60: 1-

3. 

437. Zifroni, A., Schiavi, R.C. and Schaffner, F. (1991): Sexual 

function and testosterone levels in men with nonalcoholic liver 

disease. Hepatol. 14: 479-482. 

438. Zwain I.H. and Yen S.S. (1999): Neurosteroidogenesis in 

astrocytes, oligodendrocytes and neurons of cerebral cortex of rat 

brain. Endocrinology 140: 3843-3852. 

http://www.ncbi.nlm.nih.gov/pubmed/19024137
http://www.ncbi.nlm.nih.gov/pubmed/19024137


الملخص العربى 

 1 

 العربى الملخص



الملخص العربى 

 2 



الملخص العربى 

 3 


