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Abstract 

 The presented study aims to investigate the beneficial role of melanin for cancer treatment. Moreover, the study 

aims to assess the concentration of trace elements of zinc (Zn), copper (Cu), magnesium (Mg), iron (Fe), and 

chromium (Cr) in cancerous and non-cancerous tissues of rat’s liver and their role in liver cancer. Forty rats were 

randomly divided into four groups (n=5 each).  Group 1 was taken as normal group. The other groups was treated 

with DEN and 2-AAF to induce liver cancer.  Group 2 was taken as cancerous group. Group 3 after one month it 

was treated with a single dose of melanin (0.1 g/kg body weight) and animals were sacrificed post one week of 

melanin treatment (0.1 g/kg body weight)  Group 4, it was treated with a single dose of melanin (0.1 g/kg body 

weight) along with Diethyl nitrosamine (DEN) and 2-Acetylaminofluorine (2-AAF) treatment. Liver and blood 

were taken from all studied groups. Elements have measured using an inductively coupled plasma mass 

spectrometry (ICP- MS). The concentration of ingredients was found to be higher in cancer tissues than that of 

normal. All measured parameters indicating a remarkable improvement in all liver parameters after melanin 

treatment. Melanin showed that various sources exhibit significant antioxidant activities, and owing to its 

antioxidant ability reducing DNA damage and oxidative stress by creating a cap cover round the nucleus. It has a 

role in a stabilization of plasma membrane as well as repair of hepatic tissue damaged caused by the 

concentration of trace and heavy elements.   
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1. Introduction  

 

Cancer is considered a leading cause of death in the 

world. It constitutes about 25% of all the yearly 

mortalities [1]. Cancer incidence is usually related to 

many factors that range from behavior, genetic, 

occupational, nutritional and trace elements. There 

are a lot of examples of the damage due to metal 

such as carcinoma, neurological diseases such as 

Parkinson’s disease, cardiovascular disorders, an 

autoimmune disorder, and skin disorders. The 

significance of the essential metals is indisputable 

due to their positive roles at a specific concentration. 

There are three main predominant mechanisms 

related to metal genotoxicity: Production of 

oxidative stress which cause oxidative DNA damage 

or trigger signaling cascade that may leads to 

stimulate the malignant growth, the ability to inhibit 

the major DNA repair mechanisms which may result 

in genomic instability and accumulation of critical 

mutations and the ability to inactivate the growth 

controls such as tumor suppressor genes by 

induction of signaling pathways [2, 3]. So, trace 

element concentration are suitable biomarker for the 

diagnosis of cancer [4].  

Instance of colorectal disease with trace elements 

concentrations in malignant and non-malignant 

tissues shows that middle groupings of zinc, 

chromium, copper, and lead in carcinogenic tissues 

were altogether higher than those of control tissues 

[5]. However, the median concentrations of iron 

were lower in malignant tissues than in non-

malignant tissues [6-8].  
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The high serum levels of Fe in colorectal disease 

might be related to biochemical alteration and 

inflammatory status in which a variation in Fe 

metabolism exists as initiators. Furthermore, 

inflammation may play an important role in 

developing cancer. It was reported that the  

characterization of melanin from a strain of 

Aspergillus abridger have been examined by Kumar 

et al., [17], who indicated that melanin exhibits 

significant free radical scavenging activity.  Melanin 

secures pigmented cells and contiguous tissues by 

adsorbing possibly hurtful substances, which are 

then concentrations of copper, iron, Magnesium, and 

lead Cr, were significantly elevated in cancerous 

sites of colorectal tissues, while the cadmium level 

was significantly lower in tumor tissues as compared 

to normal  tissues  [7-13-]. 

A few investigations have presumed that Zn levels 

are reduced in the serum of people with liver 

cirrhosis [11, 14, 15].  Cabré et al. [16] concluded 

that, breast cancer patients showed a significant 

lower concentration of Cu and Zn than that of 

control groups.  Patients and control groups had 

similar plasma Fe concentrations. On the other hand, 

Olaiya et al. [17] concluded that trace element 

concentrations in cancerous whole blood and 

malignant breast tissues were significantly or 

relatively higher than the normal. 

Melanin is a well - known biopolymer that is widely 

distributed in most living organisms which playing 

an important rules as photo protector, metal ion 

chelation, antibiotic, anti-inflammatory, 

thermoregulation, free radical scavenging and some 

involvement in nervous system [18, 19]. 

The antioxidant activity and physicochemical 

characterization of melanin from a strain of 

Aspergillus abridger have been examined by Kumar 

et al., [20], who indicated that melanin exhibits 

significant free radical scavenging activity.  Melanin 

secures pigmented cells and contiguous tissues by 

adsorbing possibly hurtful substances, which are 

then gradually discharged in nontoxic focuses [21].  

The presented study aims to investigate the 

beneficial roles of melanin for cancer treatment. 

Moreover, the study aims to assess the concentration 

of trace elements of zinc (Zn), copper (Cu), 

magnesium (Mg), iron (Fe) and chromium (Cr) in 

cancerous and healthy tissues of rat’s liver and their 

role in liver cancer. 

     

2. Materials and Methods 

2.1. Chemicals and drugs  

Diethyl nitrosamine (DEN) and 2-

Acetylaminofluorine (2-AAF) were purchased from 

Tokyo Chemical Industry UK Ltd (United 

Kingdom). 

 

2.2. Animals 

Male Wister rats (180-200 g weight and 4-6 weeks 

old) were obtained from Central Animal House, 

College of Pharmacy, King Saud University, Saudi 

Arabia. The animals were housed in cages with free 

access to laboratory rats diet and tap water, then 

allowed them to acclimatize for a week before 

starting the experiment. All the procedures described 

were reviewed and approved by the king Saud 

university animal ethics committee. 

 

2.3. Experimental design 

The experimental design and treatment protocol was 

as follows: 

Rats were randomly divided into four groups (n=5 in 

each):  

Group 1 (G1):  Normal group (n=5). 

Group 2 (G2):  DEN (200 mg/kg body weight) + 2-

AAF (150 mg/ kg body weight), (n=10). The dose of 

DEN given to rats was administered intraperitoneal. 

After one week, 2-AAF was given orally three days 

for three weeks alternatively. Five animals were 

sacrificed at the end of 30 days. 

Group 3 (G3): Isolation 5 rats from G2 after one 

month to treat them with a single dose of melanin 

(100 mg/kg body weight), and animals were 

sacrificed after a week of melanin.  

Group 4 (G4): DEN (200 mg/kg body weight) + 2-

AAF (150 mg/ kg body weight) + melanin (100 

mg/kg body weight), (n=5). The dose of DEN given 

for rats administered intraperitoneal. After one 

week, 2-AAF will give orally for three days for three 

weeks, and after that, was given a single dose of 

Melanin and animals were sacrificed after a week of 

melanin. 

 Liver and blood were taken from all groups, G1, 

G2, G3, and G4. Trace elements level and liver 

function criteria were measured [22]. 

2.4 Blood sampling and tissue separation 

 lood samples were collected from the heart from 

each animal in all groups in sterilized centrifuge 

tubes for serum separation. Serum was separated by 

centrifugation at 3000 rpm for 10 min and stored in 

Eppendorf at    20°C for the different biochemical 

estimations. Livers were collected through a midline 

incision, cut into small pieces and immersed in 10% 

neutral buffered formalin for histological 

examinations. 

2.5 Biochemical analysis  

Assessment of serum Alanine transaminase (ALT) 

and Aspartate aminotransferase (AST) activity were 

measure using diagnostic kits which purchased from 

United Diagnostics Industry UDI, KSA.  
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2.6 Assessment of trace elements levels in liver  

Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS) is one of the most important mass 

spectrometric techniques that have multi-element 

capabilities for the characterization of samples in 

materials science. ICP-MS offers extremely high 

sensitivity for a wide scope of components [23]. 

For sample preparation, 0.5 g of the homogenized 

samples were placed in Teflon vessels and dissolved 

in 7 ml 70% HNO3 + 1 ml 30% H2O2 acid solution 

heated at 80 °0 for 25 min. Then, 2 ml of deionized 

water was added, and samples were placed in a 

microwave digestion system. Solutions were then 

transferred to volumetric flasks and diluted to 25 ml 

using deionized water. Solutions were then passed 

through a 0.45 μm syringe filter. For trace elements 

analysis, homogenized samples were used directly 

for analysis [24]. 

2.7 Statistical analysis 

Data are presented as mean ± SE.  One-way 

ANOVA statistical analysis was used to calculate 

the significant differences of the G1, G2, G3, and 

G4. 

  3.  Results   

3.1. ALT and AST effect: 

The activity of liver ALT and AST is summarized in 

table.1 and represented in Fig. 1 and Fig 2 

respectively.  

It is noticed that, a disturbance in the activity of liver 

ALT lead to a significant elevation p≤ 0.05 by 

56.31±3.2 u/l in G2 as compared to the control 

group 25.23±1.8 u/l.  Treated rats in G2 by melanin 

recorded Significant decreases in activities of ALT 

p≤ 0.05  by 50.02±3.05 in G3 compared to the G2. 

Inject melanin with DEN+2-AAF group G4, at the 

same time lead to decreases in activities of ALT by 

43.81±3.1 compared to the G2.  In addition, AST is 

high significantly increased p≤ 0.05 by 4.04±0.27 u/l 

u/l in G2 compared to control rats 1.52±0.20 u/l. G3 

recorded decreases of AST by 2.83±0.25 u/l 

compared to G2.  G4 has shown significant 

decreases p≤0.05 by 1.93±0.23 u/l  as compared to 

G2.   

 

3.2. Concentration of trace elements in liver of rats: 

Results represented in fig.3 and table.2 showed the 

Zn concentrations in liver tissues in rats of G1, G2, 

G3 and G4.  The Zn concentration of the G1 rats 

was 4.04±0.258 µg/g.  Zn concentration in the G2 

increased significantly p≤ 0.05 by 9.52±0.39 µg/g. 

The administration of melanin in G3 resulted in 

decreasing in Zn concentration to 8.32±0.13 µg/g. 

The administration of melanin in G4 resulted in 

decreased in Zn concentration to 7.02±0.40 µg/g.

 (Table.1): Levels of serum ALT and AST (Mean± SE) in Control (G1),  (DEN+2-AAF) (G2), (DEN+2-AAF+ 

Melanin after five weeks) (G3) and (DEN+2-AAF+Melanin) (G4) in rat liver (n=5). 

 

Groups 
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(n=5) 

(G2) + 

Mel after 
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(G3) 

(n=5) 
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Mel 

(G4) 

(n=5) 

ALT 

(U/L) 

25.23

±1.8 

56.31

±3.2 

59.88

±3.05 

48.81

±3.1 

AST 

(U/L) 
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2.83 

±0.31 

1.93 

±0.28 
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Fig.1: Levels of serum ALT (Mean± SE) in:  G1: 

Control, G2: (DEN+2-AAF), G3: (DEN+2-AAF + 

Melanin after five weeks) and G4: (DEN+2-

AAF+Melanin). Treated rats (n= 5).  

Values of * p ≤ 0.05 considered as significant.  
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Fig.2: Levels of serum AST (Mean± SE) in:  G1: 

Control, G2: (DEN+2-AAF), G3: (DEN+2-AAF + 

Melanin after five weeks) and G4: (DEN+2-

AAF+Melanin).  Treated rats (n= 5).  

Values of * p ≤ 0.05 considered as significant. 
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Table.2: Concentrations of trace elements (Zn, Mg, Cu, Cr, and Fe) in Control (DEN+2-AAF), (DEN+2-AAF+ 

Melanin after five weeks) and (DEN+2-AAF+Melanin) in rat liver (n=5). 
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Fig.3: concentration of Zn in the liver of rats 

(Mean± SE) in:  G1: Control, G2: (DEN+2-AAF), 

G3: (DEN+2-AAF + Melanin after five weeks) 

and G4: (DEN+2-AAF+Melanin). Treated rats 

(n= 5).  

Values of * p ≤ 0.05 considered as significant. 

As shown in Fig.4 and table.2, there is a significant 

increase (p≤0.05) in the Mg concentrations in liver 

tissues in rats by 117.46±14.29 µg/g as compared to 

the control rats 75±5.60 µg/g. G3 treated rats with 

melanin recorded decreased by 86.82±0.34 µg/g 

compared to the G2. In addition,  G4 rats have 

shown a significant decrease (p≤0.05) in the Mg 

concentrations as compared to G2 by 78.70±1.54 

µg/g 
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Fig.4: Concentration of Mg in the liver of rats 

(Mean± SE) in:  G1: Control, G2: (DEN+2-AAF), 

G3: (DEN+2-AAF + Melanin after five weeks) 

and G4: (DEN+2-AAF+Melanin). Treated rats 

(n= 5). 

Values of * p ≤ 0.05 considered as significant. 

Fig.5 and Table.2 in the G2 have shown a significant 

increase in the Cu concentrations in liver tissues 

with p≤0.05 by 2.66±0.17 µg/g as compared to 

control group 0.90±0.07 µg/g.  Treated rats with 

melanin in G3 recorded a decreased concentration of  

Cu by 2.10±0.10 µg/g compared with G2.  In 

addition, Melanin co-administered rats in G4 

lowered the Cu concentration with p≤0.05 

significant difference as compared to G2 by 

1.50±0.13 µg/g. 
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(G2) 

(n=5) 
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Mel after 

5 weeks 

(G3) 

(n=5) 

DEN    
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+ Mel 

(G4) 

(n=5) 

Zn (µg/g) 

 

4.04 

±0.258 

9.52 
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8.32  

±0.13 
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±0.40 

Mg 
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78.70 
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2.12 

±0.05 

Fe (µg/g) 
22.76 

±1.75 

39.30 

±4.80 

28.58 

±0.36 

25.86 

±0.33 
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Fig.5: Concentration of Cu in the liver of rats 

(Mean± SE) in: G1: Control, G2: (DEN+2-AAF), 

G3: (DEN+2-AAF + Melanin after five weeks) 

and G4: (DEN+2-AAF+Melanin). Treated rats 

(n= 5). 

Values of * p ≤ 0.05 considered as significant. 

 

A significant increase of Cr concentrations in liver 

tissues was recorded after intraperitoneal 

administration of DEN and 2-AAF in G2 when 

compared to control rats with p≤0.05, 4.34±0.14 

µg/g G2 vs 1.28±0.20 µg/g G1. Treated rats with 

melanin in G3 recorded a decreased concentration of 

Cr by 3.48±0.14 µg/g compared with G2.  Co-

administration of melanin a along with DEN and 2-

AAF in G4 efficiently minimized the Cr 

concentrations comparing with G2 near to the 

control by 2.12±0.05 µg/g.  (Fg.6, Table.2). 
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Fig.6: Concentration of Cr in the liver of rats 

(Mean± SE) in: G1: Control, G2: (DEN+2-AAF), 

G3: (DEN+2-AAF + Melanin after five weeks) 

and G4: (DEN+2-AAF+Melanin). Treated rats 

(n= 5). 

Values of * p ≤ 0.05 considered as significant. 

As shown in fig.7 and table.2 there is a significant 

increase with p≤ 0.05 in the Fe concentration in the 

G2 rats by 39.30±4.80 µg/g as compared to the 

control rats by 22.76±1.75 µg/g. Treatment of G2 by 

melanin (G3) resulted in a significant decrease in Fe 

concentration with p≤ 0.05 by 28.58±0.36 µg/g as 

compared with the G2. The melanin co-administered 

rats in G4 has shown a significant decrease with p≤ 

0.05 in the Fe concentrations as compared to G2 rats 

25.86±0.33 µg/g. 

 

4- Discussion 

The liver plays a major role in the regulation of 

different physiological processes in the body such as 

carbohydrate metabolism and glucose storage, bile 

formation, protein synthesis, hormone production,  
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Fig.7: Concentration of Fe in the liver of rats 

(Mean± SE) in: G1: Control, G2: (DEN+2-AAF), 

G3: (DEN+2-AAF + Melanin after five weeks) 

and G4: (DEN+2-AAF+Melanin). Treated rats 

(n= 5). 

Values of * p ≤ 0.05 considered as significant. 

 

besides being the most important organ involved in 

the detoxification of different drugs in our body 

[25]. Hepatocarcinomatous is a major health 

problem in developing countries [10, 26-28].   

Appropriate nutrition of all the metabolically active 

cells and tissues is essential for preserving the health 

of the human body as a whole. Micronutrients, 

including trace elements, vitamins, and antioxidants, 

play a vital role in continuously occurring 

regenerative processes, coping with ongoing 

oxidative stress in the body tissues, and sustaining 

immunity against pathogens [26-30]. Several models 

have been developed to study multistage 

carcinogenesis in the liver [31-34]. 

In this study, the combination of DEN and 2-AAF is 

used to develop hepatic tumorigenesis in rats. The 

results showed that a single intraperitoneally dose of 

DEN to rats induced changes in hepatocytes, and 

these cells were able to abnormal grow vigorously 

when used with another carcinogen like 2-AAF as a 

promoter. The levels of some important biochemical 

parameters in serum are used as diagnostic markers 

of liver injury. 

ALT and AST activities in serum were used 

as biochemical markers for hepatic damage, which 

are sensitive indicators for liver injury are produced 

by hepatocytes. Changes in cell permeability, 

hepatocellular degeneration, and inflammation can 

cause the release of ALT and AST from hepatocytes 

and subsequent increase of their serum values.  

It has been reported that these enzymes (AST and 

ALT) exhibit higher activity in abnormally 

functioning liver [35]. 

Zn plays an anti-carcinogenic role through 

structural stabilization of deoxyribonucleic acid 

(DNA), ribonucleic acid (RNA), and the ribosome. 

It is also important in the functions of several 

transcription factors and proteins that are involved in 

recognition of specific DNA sequences and 

regulation of gene transcription. Moreover, It has a 

protective effect against free-radical injury [36]. 

Zinc is a component of SOD (superoxide 

dismutase), an enzyme that removes free radicals, 
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and since it is also necessary for activating ion of 

DNA repair enzymes, zinc has the opposite effect 

and protects against carcinogenesis. The study of 

Pramoolsinsap et al, [37], reported that serum Zn 

concentrations were significantly decreased in 

patients with hepatocellular carcinoma, and changes 

in Zn status directly affect gene expression. Zn 

deficiency may also induce oxidative stress and/or 

modulation of selected signaling in the liver that 

causes DNA damage [38,39]. Significant increase in 

Zn in a study by Karlinskiĭ and  ogomolova [40], 

that there were elevated Zn concentrations in the 

cases with liver cancer. A result is in accordance 

with that obtained in the presented study which 

revealed that excessive Zn administration could lead 

to liver damage (Zn concentration of G2 was 

increased in liver tissues compared to control rats).  

Fe concentration was increased in liver 

tissues of the administration of DEN and 2-AAF 

compared to control rats. Since Fe is a trace element 

that is physiologically essential, changes in its 

concentration can lead to oxidative DNA damage, 

although it is an important nutritional element [41].  

A study of Asare et al., [42] have been reported hat 

over intake of Fe can increase the risk of free 

radicals to cause further DNA damage, and the 

present study was in accordance with this report. 

The Fenton and Haber-Weiss reactions are catalytic 

amounts of free Fe is enough to generate harmful 

reactive oxygen species (ROS), disrupting the redox 

balance of the cell and generating chronic oxidative 

stress, which damages DNA, lipids, and proteins in 

hepatocytes and leads to apoptosis of these cells. 

Cu concentration was increased in liver 

tissues compared to control rats. In the previous 

study, Gel-filtration analyses have shown that the 

majority of the increased copper exists in the form of 

Cu-MT (copper-metallothionein), and it is thought 

that free radicals are generated in the presence of 

hydrogen peroxide as a result of a Fenton-like 

reaction and cause hepatitis. Cu is an essential 

micronutrient involved in fundamental life processes 

that are conserved throughout all forms of life. The 

ability of Cu to catalyze oxidation-reduction 

reactions, which can lead to the production of ROS, 

and damage of DNA [43]. This was in accordance 

with my study that explains the effect of an 

increased Cu concentration in liver tissue.  

Mg concentration was increased in liver 

tissues compared to control rats. Mg is important in 

stabilizing the structure of DNA and its repair 

mechanism, act as a cofactor in nucleic acid 

metabolism, and stability that helps prevent 

mutations from occurring [44]. In the previous 

study, Mg deficiency can contribute to the 

development of an oncogenic milieu by inducing 

inflammation, oxidative stress, and by inhibiting 

DNA repair enzymes also linked with increased lipid 

peroxidation [45, 46]. Mg is necessary for cellular 

processes of tumor cells; as such, tumor tissue often 

stores Mg and can lead to low Mg in plasma [45]. 

The result of this study suggests high intakes of Mg 

may be associated with an increased risk of the liver 

disease. Moreover, it showed a significant increase 

in the level of serum enzyme ALT when compared 

to control rats, indicating of mediated hepatic 

damage by increased concentration of Mg, when 

ALT enzyme leak out from liver into the blood due 

to tissue damage. 

Cr concentration was increased in the liver 

tissues compared to control rats. Cr is a transition 

metal; it can be mentioned as the best example when 

it reacts with DNA causing serious damage to DNA 

and leads to toxic effects. Cr can generate ROS 

during its reduction in successive oxidative states. It 

was found that ROS production has been one of the 

earliest phenomena for Cr induce cytotoxicity. 

Therefore, oxidative stress and mitochondrial 

damage play a role in Cr induced cytotoxicity. These 

results are supported by previous reports that have 

shown that Cr induced cytotoxicity in hepatocytes 

has been mediated through oxidative stress and 

mitochondrial dysfunction [46-49]. 

Previous studies have reported that pathogenic 

mechanism induced by in vivo administration of 

metal oxide particles is dominated by oxidative 

stress, cell changes, death, and destruction of DNA 

[50, 51]. ROS mediated oxidative stress attack DNA 

and cause DNA damage and, in turn, leads to 

mutations, genomic instability, and cell death [26-

28, 52]. A study showed the damage to hepatocytes 

caused by changes in concentration of elements, as 

supported by substantial elevation of serum liver 

markers in injected rats compared to control rats. 

Thus, a protective plan geared toward the reduction 

of the generation of inflammatory, liver damage, and 

prevent or improve organ dysfunction. In this study, 

the ingestion of melanin immediately along with 

DEN and 2-AAF was beneficial in preventing the 

inflammatory liver injury.  

It has shown from this study that Mg is more toxic 

than all the elements studied, while Cu is considered 

the least toxic. They are arranged from most toxic to 

least consecutive: Mg, Fe, Zn, Cr and Cu. 

Melanin in G3 and G4 Groups cause a significant 

decrease in the level of ALT and AST compared to 

G2, which may be a consequence of stabilization of 

plasma membrane as well as repair of hepatic tissue 

damage caused by the concentration of trace 

elements. Also, melanin induced a significant 

decrease in trace elements concentrations as Zn, Mg, 

Cu, Fe and Cr compared to G2. It has also been 

shown that melanin exhibit significant antioxidant 

activities [20, 53-55].  Previous studies have shown 
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that both plant and synthetic melanin can modulate 

cytokines production and enhance several immune 

parameters [56] and owing to its antioxidant ability, 

it reduces DNA damage by creating a cap cover 

round the nucleus [57,58]. This data was consistent 

with those published earlier that melanin acts as an 

antioxidant, confirmed by its ability to stop fatty 

acid peroxidation [59, 60]. Together with reducing 

oxidative stress, it also reduces the inflammatory 

reaction of hepatocytes by preventing the creation of 

pro-inflammatory cytokines from permeating 

monocytes, and possibly lymphocytes also. This 

data might suggest or support the ability to use 

melanin to significantly reduce the inflammatory 

liver damage, as observed by the considerable 

alterations in the liver function markers as well as 

liver tissue biomarkers observed in this study. This 

shows that melanin acts as a defense against liver 

damage and hepatocellular carcinoma HCC.  

 

4. Conclusion  

In this study, all measured parameters indicating a 

remarkable improvement in all liver parameters after 

melanin treatment. Melanin showed that various 

sources exhibit significant antioxidant activities, and 

owing to its antioxidant ability. It has a role in a 

stabilization of plasma membrane as well as repair 

of hepatic tissue damage caused by the concentration 

of trace and heavy elements.  
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