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The present study aimed to estimate the level of copper, magnesium and zinc in 
patients of cirrhosis and hepatocellular carcinoma (HCC) to determine their 
correlation to pathogenesis of these diseases. A case-control study was conducted on 
thirty subjects that were included as control (group) I obtained from blood 
transfusion donners' healthy subjects. All patients whose coming to the specialized 
medical hospital Mansoura University from January 2016 till January 2017 were 
clinically evaluated and investigated to select 70 subjects that were classified into two 
groups: twenty-five patients with cirrhosis (group II), and forty-five patients with 
hepatocellular carcinoma (group III). The levels of copper, magnesium and zinc were 
assessed in the blood of the three groups. Copper level showed significantly increased 
values while magnesium and zinc were significantly decreased comparing to control 
group in both cirrhosis and HCC groups separately. There were significant increase 
in zinc level and significant decrease in magnesium and copper levels in comparison 
between HCC and cirrhotic groups. Also, a significant negative correlation between 
zinc and magnesium levels and the advances in liver condition, advances in spleen 
condition and presence of ascites was observed, while there is non-significant 
negative correlation between Child-Pugh classification and the levels of zinc and 
magnesium in cirrhosis and HCC groups. As regards copper level, there was a 
significant positive correlation between the copper level and the advances in liver 
condition, advances in spleen condition presence of ascites and Child-Pugh 
classification. In conclusion, there is association between copper, magnesium and 
zinc and the severity of the cirrhosis and HCC. 

 
 
Introduction  
 

Metabolism of trace metals occurs in the 
liver and their levels indeed changed with 
variable causes of liver disease (Qasim et al., 
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2010). Copper (Cu) acts as a cofactor of 
hepatic fibrosis in chronic liver diseases so the 
sickness advances from endless hepatitis to 
liver cirrhosis in relationship with expanded Cu 
levels in biological fluids (Chen and Teo, 
2001). It was anticipated that the elevated 
copper level can harm the liver parenchyma via 
lipid peroxidation that leads to dysfunction in 
the cell membrane, decreased fluidity, 
inactivation of enzymes and changes ion 
permeability (Mengand Zhang, 2006; Arain et 
al., 2013).   

Zinc protects against carcinogenesis as it 
is also help activation of DNA repair enzymes. 
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Also it is a component of superoxide dismutase 
(SOD), an enzyme that removes free radicals 
(Hiroyuki et al., 2004). Liver is the main organ 
responsible for the zinc metabolism, and 
various liver diseases may be influenced by 
zinc deficiency (Grüngreiff and Reinhold, 
2011). 

There are little studies on magnesium 
(Mg) status in patients with cirrhosis (Meir 
Medical Center, 2013). Several reports have 
shown that serum manganese-dependent 
superoxide dismutase (MnSOD) levels in 
patients with hepatitis virus C (HCV)-related 
chronic liver diseases are associated with 
various clinical findings, such as fibrosis and 
hepatic oxidative stress.  However, the 
significance of serum MnSOD levels has not 
been fully examined in patients with 
hepatocellular carcinoma (HCC) (Clemente et 
al., 2007; Nahon et al., 2007).The present study 
aimed to estimate the level of copper, 
magnesium and zinc in patients of cirrhosis and 
hepatocellular carcinoma (HCC) to determine 
their correlation to pathogenesis of these 
diseases. 
 
Subjects and Methods 
 
Sample size calculation:  

At a level of 95% confidence level and 
power of the study 80, the research team 
assumes that, the effect of copper in occurrence 
of hepatocellular carcinoma was 0.5 medium. 
The minimum sample size for each group is 25 
subjects. 
https://www.anzmtg.org/stats/PowerCalculator/
PowerTtest.   

  
Subjects: 

A case-control study was conducted on 
thirty subjects that were included as control 
(group) I (matched age and sex) obtained from 
blood transfusion donners' healthy subjects. All 

patients whose coming to the specialized 
medical hospital Mansoura University from 
January 2016 till January 2017 were clinically 
evaluated and investigated to select 70 subjects 
that were classified into two groups: twenty-
five patients with cirrhosis (group II), and 
forty-five patients with hepatocellular 
carcinoma (group III). 

The diagnosis of liver cirrhosis and HCC 
based on clinical features, laboratory tests 
(liver function and alpha fetoprotein), and 
abdominal ultrasound. The Child-Pugh score 
used to assess the severity of liver 
cirrhosis. According to Cholongitas et al. 
(2005), the Child-Pugh system looks at the 
following 5 things that tell how well the liver is 
working: bilirubin levels, albumin levels, 
prothrombin time, presence of ascites and 
presence of encephalopathy. Each one is given 
a number score, and based on that score, people 
fall into 1 of 3 classes: class A means the liver 
is working normally, class B means mild to 
moderate illness and class C means there is 
severe liver damage.  

Patients with cirrhosis or/and 
hepatocellular carcinoma associated with other 
etiologies such as alcoholic or congenital 
disorders were excluded from the study. 

The levels of copper, magnesium and 
zinc were assessed in the blood of the three 
groups. 

 
Methods 
 

From each subject 10ml blood were 
collected, separated to two aliquots and 
transported to the laboratory. Sera were 
separated and one aliquot was used for liver 
function tests including alanine 
aminotransferase (ALT), aspartate 
aminotransferase (AST), albumin and total 
bilirubin by autoanalyzer (Dialab 450 system) 
and alphafetoprotein (AFP) measurement by 
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enzyme linked immunosorbent assay (ELISA - 
DRG). Sera separated from the second blood 
aliquot were stored at -20ºC for further analysis 
of zinc, copper and magnesium by colorimetric 
methods using spectrophotometre. Magnesium 
(expressed in mg/dl) was measured according 
to Khayam-Bashiet al. (1977), copper and zinc 
(expressed in μg/dl) were measured 
spectrophotometrically according to Abe et al. 
(1989). All the kits were supplied by Crest 
Biosystems (Gitanjali, Tulip, India). 
 
Statistical analysis 
 

All statistical analyses were performed 
using SPSS 16.0 (Chicago, IL) and a 
significance threshold of p<0.05 was used. 

Continuous data was expressed as mean ±SD 
and compared between groups using Student’s 
t test. Categorical data was analyzed using a 
two-sided Chi-squared test when indicated. 

 

Ethical Approval 
Informed consent was taken from each 

patient. The research protocol was approved by 
the Ethical Committee of Faculty of Medicine, 
Mansoura University (proposal code: R. 
17.10.44). 
 
Results 
 

Characteristics of the age and sex of the 
studied groups was illustrated in table (1). 

 
Table (1): Characteristics of the age and sex of the studied groups. 
 

 Control group 
(n.= 30) 

Cirrhosis group 
(n.= 25) 

HCC group 
(n.= 45) 

p value 

Female / Male 17/13 11/14 8 /37 
Chi-square=12.74 

 p < 0.001* 

Age (y) 

(mean ± SD) 
50.30 ± 6.31 58.04 ± 8.53 55.98 ± 7.59 

ANOVA=15.92 

p < 0.0001* 

*Significant, n= number, SD: standard deviation.  

 
In tables (2) and (3), laboratory tests and 

radiological findings confirmed the diagnosis 
of chronic decompensated liver conditions. In 
cirrhosis and HCC groups, most of patients 
included in this study had decompensated liver 
disease, being given a Child-Pugh 
classification grade C (9 in cirrhotic and 21 in 

HCC groups). Condition of the spleen mostly 
was enlarged in 11 and 36 cases in cirrhotic 
and HCC groups respectively. Regarding 
presence of ascites, the majority in cirrhotic 
group was suffering from marked ascites (14 
cases) while the majority in HCC groups was 
no ascites (23 cases). 
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Table (2): Laboratory tests in the studied groups. 

Variables 

(Mean ± SD) 

Control group 
(n.= 30) 

Cirrhosis group 
(n.= 25) 

HCC group 
(n.= 45) 

28.27±4.799 64.60±77.236 52.40±21.366 

 0.005* 0.043* 

ALT (U/L)  

p1  

p 2 
  0.711 

37.50±56.327 72.92±38.746 62.00±23.472 

 0.004* 0.030* 

AST (U/L)  
p 1  

p 2 
  0.816 

1.19±.145 1.40±.344 1.29±.186 

 0.003* 0.227 

INR  

p 1  

p 2 
  0.159 

3.89±.505 2.30±.590 3.06±.616 

 0.001* 0.001* 

Albumin (g/dL)  

p 1  

p 2 
  0.001* 

0.82 ± .110 5.64± 6.271 1.72±.945 

 0.001* 0.691 

Bilirubin (mg/dL)  
p 1  

p 2 
  0.001* 

8.1± 3.4 10.7 ±10.4 104.1± 114.9 

 < 0.0001* < 0.0001* 

Alpha-Fetoprotein (ng/ml) 

p1 

p2 
  < 0.001* 

*Significant. n= number. HCC: Hepatocellular carcinoma. p1: difference between both cirrhotic and HCC groups and 
control group.p2: difference between cirrhotic and HCC groups.INR: International normalized ratio, ALT: Alanine 
aminotransferase, AST: Aspartate aminotransferase. 
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Table (3): Radiological findings of the liver, spleen, presence of ascites and Child-Pugh 
classification in cirrhosis and HCC groups. 

 Cirrhosis group 

(n.= 25) 

HCC group 

(n.= 45) 

Chi- square 

p value 

Liver 

Average coarse 

Early cirrhotic 

Shrunken cirrhotic 

 

2 

4 

19 

 

 

 

45 

10.83 

p< 0.001* 

Spleen 

Normal 

Mild enlargement 

Moderate enlargement 

Marked enlargement 

 

3 

4 

7 

11 

 

1 

3 

5 

36 

12.31 

p< 0.001* 

Ascites 

No ascites 

Mild 

Moderate 

Marked 

 

2 

2 

7 

14 

 

23 

8 

4 

10 

12.15 

p< 0.001* 

 

Child-Pugh classification 

A 

B 

C 

 

8 

8 

9 

 

10 

14 

21 

20.0 

p< 0.001* 

* Significant.n=number.HCC: Hepatocellular carcinoma 

 

Copper level showed significantly  
(p<0.001) increased values in cirrhosis and 
HCC groups in comparison to the control 
group while magnesium and zinc were 
significantly (p<0.001) decreased comparing 
to control group in both cirrhosis and HCC 

groups separately (Table 4). There were 
significant increase in zinc level and 
significant decrease in magnesium and copper 
levels in comparison between HCC and 
cirrhotic groups.  
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Table (4):Levels of zinc, magnesium and copper in the studied groups. 
 

Variables 
(Mean ± SD) 

Control group 
(n.= 30) 

Cirrhosis group 
(n.= 25) 

HCC group 
(n.= 45) 

8.62 ± 2.89 5.18 ± 2.55 6.25 ± 3.25 

 < 0.001* < 0.001* 

Zinc (ug/dL) 
p 1 
p 2   < 0.001* 

3.49 ± 0.37 1.87 ± 0.33 1.48 ± 0.39 

 < 0.001* < 0.001* 

Magnesium (ug/dL)  
p 1 
p 2   < 0.001* 

106.98 ± 2.15 206.28 ± 8.48 164.65 ± 3.87 

 < 0.001* < 0.001* 

Copper (ug/dL)  
p 1 
p 2   < 0.001* 

*Significant.n= number. p1: difference between both cirrhotic and HCC groups and control group. p1: difference 
between cirrhotic and HCC groups. HCC: Hepatocellular carcinoma 

 

There was a significant negative 
correlation between zinc levels and levels of 
AST, ALT, INR, albumin and bilirubin 
meanwhile; there was a significant positive 
correlation between levels of copper and the 

same parameters. As regards the magnesium 
levels, it had non- significant positive 
correlation with the same parameters (Table 
5).  

 
Table (5): The correlation between the studied metals (zinc, magnesium and copper) and levels of 

ALT, AST, INR, albumin, bilirubin and creatinine in the cirrhosis and HCC groups. 

  Zinc Magnesium Copper ALT AST INR Albumin Bilirubin 

Pearson 
Correlation 1 -0.399** -0.803** -0.162 -0.214 -0.238* 0.423** -0.444** Zinc 
p value  0.001 0.001 0.181 0.075 0.047 0.001 0.001 
Pearson 
Correlation -0.399** 1 .465** 0.019 0.008 0.144 -0.207 0.128 Magnesium 
p value 0.001  0.001 0.876 0.946 0.233 0.091 0.295 
Pearson 
Correlation -0.803** 0.465** 1 0.079 0.150 0.215 -0.519** 0.455** Copper 
p value 0.001 0.001  0.514 0.215 .074 0.001 0.001 

*Significant. INR: International normalized ratio, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase. 
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Regarding the correlations between the 
studied trace metals, there was a significant 
negative correlation between zinc and 

magnesium, zinc and copper while; there was 
a significant positive correlation between 
copper and magnesium (Figure 1[A, B &C]).  

 

 
 
 

 
 
 

Fig. (1): Correlation between the studied metals: (A): zinc and copper. (B): zinc and magnesium. 
(C): copper and magnesium in the cirrhosis and HCC groups. 

 
 

Table (6) showed a significant negative 
correlation between zinc and magnesium 
levels and the advances in liver condition 
(shrunken cirrhotic), advances in spleen 
condition (marked enlarged) and presence of 
ascites was observed, while there is non-
significant negative correlation between Child-
Pugh classification and the levels of zinc and 
magnesium in cirrhosis and HCC groups. As 
regards copper level, there was a significant 

positive correlation between the copper level 
and the advances in liver condition (shrunken 
cirrhotic), advances in spleen condition 
(marked enlarged), presence of ascites and 
Child-Pugh classification. 

 

 
 

A B 
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Table (6): The correlation between the studied metals and condition of the liver, spleen, presence of 

ascites and child-pugh classification in the cirrhosis and HCC groups. 

 

Advances in 

liver 

condition 

Advances in 

spleen 

condition 

Presence of 

ascites 

Child-pugh 

classification 

Correlation Coefficient -0.460* -0.249* -0.460* -0.096 
Zinc 

p value 0.001 0.001 0.001 0.313 

Correlation Coefficient -0.566* -0.603* -0.153* 0.015 
Magnesium 

p value 0.001 0.001 0.04 0.879 

Correlation Coefficient 1.000 0.443* 0.221* 0.386* 
Copper 

p value . 0.001 0.004 0.001 

* Significant. 
 

Figures (2) and (3) showed the levels of the studied metals in relation to Child-Pugh 

classification in cirrhosis and HCC groups. 

 
 

Fig. (2): Box plot of the levels of studied metals in relation to Child-Pugh classification in  
the cirrhosis group 
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Fig. (3): Box plot of the levels of studied metals in relation to Child-Pugh classification in  

the HCC group 
 

Discussion 
 

Trace elements may be involved in the 
pathogenesis of liver disease.They may 
produce direct hepatic toxicity or impaired 
liver function via decrease in their levels 
(Loguercio et al., 2001).Reactive copper may 
stimulate Kupffer cell's leading to direct or 
indirect liver damage (Rahelic et al., 2006). 
Magnesium may be depleted in cirrhosis but 
there are not enough evidences on that. 
Patients with liver cirrhosis showed 
considerably reduced muscle strength and 
muscle magnesium so it may have a role in 
hepatic encephalopathy and muscle cramps 
(Meir Medical Center, 2013). Many 
researchers still study the possible connection 
of zinc, copper, and magnesium in 
pathogenesis of chronic liver diseases and its 
progress (Agarwal et al., 2017). 

Because of the high prevalence of 
hepatic diseases in Egypt, the effect of these 
metals should be known and well-studied to 
take scientific steps for prophylaxis and 
avoidance of disease deterioration. So the 
current work was designed to estimate the 
level of copper, magnesium and zinc in 
patients of cirrhosis and hepatocellular 
carcinoma (HCC) to determine their 
correlation to pathogenesis of these diseases. 

In the current study, copper level showed 
significantly increased values in cirrhosis and 
HCC groups while magnesium and zinc were 
significantly decreased comparing to control 
group. There were significant increase in zinc 
level and significant decrease in magnesium and 
copper levels in HCC group compared to 
cirrhotic group.  

Many studies have demonstrated a marked 
decrease in zinc levels in HCC tissue compared 
with normal liver tissue (Kawata et al., 2006 and 
Al-Ebraheem et al., 2009). On the other hand 
Ebara et al. (1999) had reported a zinc increase 
in HCC, which was subsequently reversed in 
researches by the same research group (Ebara et 
al., 2000; Kawata et al., 2006). They confirmed 
decrease in zinc in HCC. In addition, Franklin et 
al. (2012) recorded association between the 
decreased levels of zinc in HCC and the degree 
of advancing malignancy. Lin et al. (2006) also 
implied that the mean zinc level in the hepatic 
cirrhotic patients was significantly lower than 
controls. This finding is in agreement with the 
observation reported by Grüngreiff (2002). 

In accordance with our results, Qasim et 
al. (2010) found that serum copper level was 
significantly higher, while the serum zinc level 
was significantly lower in cirrhotic patients than 
healthy control groups.  
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On the other hand, Cesur et al. (2005) 
did not find any statistically significant 
difference between healthy control and 
patients with cirrhosis as regards serum zinc 
and copper concentrations.Therefore, in 
attempt to explain the decreased zinc levels, 
Costello and  Franklin (2014) stated that the  
malignant cells are developing certain 
mechanisms to decrease the cellular 
accumulation of zinc to levels that are not 
cytotoxic, but still support their development, 
growth, proliferation, and malignant 
activities. For example, HCC tissue tries to 
decrease zinc levels in hepatoma cells by 
alteration of expression and abundance of zinc 
transporters. 

On a similar scale, a significant 
negative correlation between zinc levels and 
levels of AST, ALT, INR, albumin and 
bilirubin were observed meanwhile; there was 
a significant positive correlation between 
levels of copper and the same parameters. As 
regards the magnesium levels, it had non- 
significant positive correlation with the same 
parameters and this proves the direct 
correlation between the levels of these trace 
element and the changes in liver function 
parameters.  

In accordance,Takashiet al. (2007) 
indicated significant correlations between 
serum zinc level and AST and albumin. 
Accordingly, Omran et al. (2017) found that 
serum zinc level had a negative significant 
correlation with INR but in disagreement with 
our results they found no correlation between 
zinc level and bilirubin, ALT, AST, or 
albumin. On the other hand a study done by 
Anber et al. (2016) found non-significant 
correlations between serum zinc, AST and 
albumin.  

In the current study, regarding the 
correlations between the studied trace metals, 
there was a significant negative correlation 

between zinc and magnesium, zinc and copper 
while; there was a significant positive 
correlation between copper and magnesium. In 
agreement with our results, Agarwal et al. 
(2017) found a significant negative correlation 
between zinc and copper, as well as between 
copper and magnesium. 

A significant negative correlation was 
observed in the current study between zinc and 
magnesium levels and the advances in liver 
condition (shrunken cirrhotic), advances in 
spleen condition (marked enlarged) and presence 
of ascites, while there is non-significant negative 
correlation between Child-Pugh classification 
and the levels of zinc and magnesium in 
cirrhosis and HCC groups. As regards copper 
level, there was a significant positive correlation 
between the copper level and the advances in 
liver condition (shrunken cirrhotic), advances in 
spleen condition (marked enlarged), presence of 
ascites and Child-Pugh classification. 

In compatible with our results, Agarwal et 
al. (2017) observed that the serum copper was 
significantly increased with advancement of 
liver disease. These findings are in agreement 
with the study done by Somi et al. (2007) who 
found that zinc level was significantly lower in 
Child’s Class B than Child’s Class A. Also, 
Yoshida et al. (2001) found that zinc level was 
significantly lower in patients with 
decompensated liver cirrhosis than patients with 
compensated cirrhosis. In accordance, Rahelic et 
al. (2006) stated that the copper concentration 
increased in advanced liver maladies, as it is 
responsible for production of the toxic hydroxyl 
radicals. Kar et al. (2014) explained the possible 
causes of increased copper level by increased its 
uptake from the gut, diminished excretion by the 
liver, and tissue breakdown with consequent 
release of copper stores.    

In agreement to our results, Nangliya et al. 
(2015) as they found increased concentration of 
copper with severity of liver disease while, 
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serum zinc, magnesium levels were 
significantly decreased with advancement of 
liver disease as compared to early stage of 
liver cirrhosis. They showed a significant 
negative correlation with Child-Pugh 
Score. While, Prystupa et al. (2016) found 
that serum concentrations of copper were 
significantly lower in patients with liver 
cirrhosis compared to controls. On the other 
hand, Rahelic et al. (2006) observed no 
significant changes in magnesium levels 
between liver cirrhosis patients and control 
healthy group. Kar et al. (2014) also 
suggested that magnesium levels are not 
depending on the degree of severity of liver 
diseases. 

 

Conclusion 
 

There is association between copper, 
magnesium and zinc and the severity of the 
cirrhosis and HCC. Further studies are needed 
to determine effects of supplementation of 
zinc and magnesium on the clinical course of 
liver cirrhosis and HCC. 
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   جامعة المنصورة– كلیة الطب –یة م الطب الشرعي والسموم الإكلینیكقس١

  المملكة العربیة السعودیة-  جامعة المنصورة وجامعة طیبة – كلیة الطب -قسم الباطنة والجھاز الھضمي ٢
   جامعة المنصورة– كلیة الطب –قسم الباثولوجیا الإكلینیكیة ٣

  المملكة العربیة السعودیة-عة طیبة  مصر و وجام– جامعة الأزھر –قسم الباطنة ٤
  
  

 فѧي  )النحѧاس والماغنѧسیوم والزنѧك     (النѧادرة    العناصѧر  بعѧض  مѧستوى  عѧن  الكѧشف  إلѧى  الدراسѧة  ھذه تھدف
. الأمѧراض  ھذه في التسبب بینھم وبین  نحدد العلاقة  لكي الكبدي والسرطان الكبد تلیف من یعانون الذین المرضى

كمجموعѧѧة ضѧѧابطة   ونѧѧشخص مѧѧن الأصѧѧحاء    والѧѧشواھد تناولѧѧت ثѧѧلاث  ھѧѧذه الدراسѧѧة مѧѧن نѧѧوع دراسѧѧة الحѧѧالات    
مѧѧن بѧѧین الحѧѧالات المتѧѧرددة علѧѧي  ، تѧѧم اختیѧѧارھم مѧѧن الاشѧѧخاص الاصѧѧحاء المتبѧѧرعین بالѧѧدم  ) المجموعѧѧة الاولѧѧي(

 حالѧѧة بعѧѧد منѧѧاظرتھم  ٧٠ تѧѧم اختیѧѧار ٢٠١٧ الѧѧي ینѧѧایر ٢٠١٦مستѧѧشفي الباطنѧѧة التخصѧѧصي الجѧѧامعي منѧѧذ ینѧѧایر   
 مریѧضًا  وعѧشرون  خمسة: الثانیة المجموعة :تصنیفھم الي وتم اوعمل الفحوصات والأشعات الضروریة   اكلینیكي
وتѧم عمѧل    .الكبدیѧة  سرطان الخلایا  یعانون من  مریضًا وأربعون خمسة: الثالثة والمجموعة الكبد، تلیف من یعانون

 أن الحالیѧѧة النتѧѧائج وأظھѧѧرت. ثѧة تحلیѧل لقیѧѧاس نѧѧسبة النحѧاس والماغنѧѧسیوم والزنѧѧك فѧѧي الѧدم فѧѧي المجموعѧѧات الثلا    
 مقارنѧѧѧة الكبدیѧѧѧة وسѧѧѧرطان الخلایѧѧѧا الكبѧѧѧد تلیѧѧѧف مجموعѧѧѧات النحѧѧѧاس كѧѧѧان مرتفѧѧѧع بدلالѧѧѧة احѧѧѧصائیة فѧѧѧي مѧѧѧستوى

 في الضابطة المجموعة عن والزنك منخفض بدلالة احصائیة    مستوي الماغنیسیوم  كان بینما الضابطة بالمجموعة
وایѧѧضا كѧѧان مѧѧستوي الزنѧѧك فѧѧي زیѧѧادة ذات دلالѧѧة احѧѧصائیة       .دیѧѧةالكب وسѧѧرطان الخلایѧѧا  الكبѧѧد تلیѧѧف مجموعѧѧات

ومستوي الماغنسیوم والنحاس كانوا في انخفاض ذي دلالة احصائیة عندما تم مقارنة مجموعة التلیف الكبدي مѧع       
تطѧور   منفѧصل مѧع    بѧشكل  والماغنیѧسیوم  الزنѧك  مستویات بین سلبي ارتباط ھناك وكان.مجموعة السرطان الكبدي  

 وسѧرطان  الكبѧد  تلیѧف  فѧي مجموعѧات     بѧوغ  -تѧشایلد  وتѧصنیف  الاستѧسقاء  ووجѧود  والطحѧال  للكبѧد  مرضѧیة الحالة ال 
النحѧاس وتطѧور الحالѧة      مѧستوى  بѧین  إیجѧابي  ارتبѧاط  ھنѧاك  كѧان  فقѧد  النحѧاس  بمѧستوى  یتعلق وفیما. الخلایا الكبدیة 

 بѧѧین الѧѧي ان ھنѧѧاك علاقѧѧة النتѧѧائج خلѧѧصت . بѧѧوغ-تѧѧشایلد وتѧѧصنیف الاستѧѧسقاء وجѧѧود و والطحѧѧال للكبѧѧد المرضѧѧیة
 .الكبدي والسرطان الكبد ودرجة التقدم في الحالة المرضیة لتلیف النحاس والماغنیسیوم والزنك

 

  
  


