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Abstract: The development of in vitro models of toxicity is required to decrease the dependence on potentially 

misleading in vivo animal studies. Research suggests that for certain systems, animal models are insufficient for 

toxicology testing. It is tedious to study all the functions of the liver in vivo, because of other organs interventions. 

Hence, the hepatocytes were cultured in vitro in order to study the different activities of the liver. Cadmium is one 

of the heavy metals which have toxic effects on the various organs and systems of the body. This paper evaluates 

whether cadmium induces alterations in the activity of alkaline phosphatase (AKP), aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) changes in chicken hepatocytes. The obtained results indicate that 

cadmium induced hepatocyte proliferation at different concentrations. 
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I.   INTRODUCTION 

Liver is considered as a biochemical factory responsible for most of the synthesis, metabolism, excretion, and 

detoxification processes. In addition, it also produces a variety of proteins, including blood proteins, enzymes, hormones, 

clotting and immune factors. Unlike in other animals, in poultry, liver is the major site of de novo fatty acid biosynthesis 

(Leveille, 1966, 1969; Pearce, 1977).  Liver functions are impaired due to liver injuries and damage which in turn lead to 

many health hazards. The known immediate consequences of either damage result in dysfunction of metabolic activities. 

However, it is difficult to study specific liver functions in vivo due to influences from the adjacent organs which also has 

the ability to metabolize drugs (Lee et al., 2014). 

Cadmium (Cd) as a toxic heavy metal has been distributed widely and uniformly and with small amounts throughout the 

earth's crust. It is not considered as essential element for living organisms, therefore its presence in organism tissues is 

considered as contamination (Kramarova et al., 2005; Rehman et al., 2012).  

Cd was absorbed by gastrointestinal tract and lungs, transported by blood and accumulated in various tissues and organs 

in the body especially kidney and liver. This ability of liver and kidneys to accumulate high concentration of cadmium is a 

common feature not only to chickens but also in other animals. Its accumulation and amount in different organs depends 

on the interval of exposure, the quantity ingestion, the production and reproduction phases of the animals, as well as their 

age and breed and the rate of elimination from these organs is relatively low (Baykov et al., 1996; Koréneková et al., 

2002). Several researchers studied its distribution pattern in liver and kidney of animals (Baykov et al., 1996; Doganoc 

and Gacnik, 1995; Sharma et al., 1979; Swaileh et al., 2009; White and Finley, 1978).  
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High levels of cadmium accumulation has been shown to reduce certain biomarkers such as alanine aminotransferase, 

aspartate aminotransferase and lactate dehydrogenase in both liver and skeletal muscles (Maxwell and Iwegbue, 2008) 

The aim has been to investigate the morphological and biochemical changes observed following exposure of hepatocytes 

to cadmium. 

Objectives:  

The main objective of this research project is to investigate the effect of heavy metal on biochemical functions in chicken 

hepatocytes. 

1. To determine the cadmium induced morphological changes of hepatocytes.  

2. To determine the cadmium induced biochemical changes on hepatocyte proliferation in chicken liver.  

3. To establish the correlation between enzyme activity and hepatocyte proliferation.  

II.   LITERATURE REVIEW 

The term "cell culture" refers to the culturing of cells derived from multicellular eukaryotes especially animal cells, in 

contrast to plant tissue culture, fungal culture, and microbial culture. Therefore, cell culture is the process by which cells 

derived from specialized types of tissues are grown under in vitro conditions. Cell cultures provide well-defined 

conditions for both cytotoxic and metabolic studies. They can be used to screen for toxicity both by estimation of the 

basal functions of the cell or by tests on specialized cell functions (Ekwall, 1983b).  

Various methods have been employed to isolate and hepatocytes which forms the primary culture. These include the three 

basic methods i.e., enzymatic dissociation of tissues, mechanical dissociation method or explant culture method (Bols and 

Lee, 1991). Sometimes combination of all these methods can also be employed. However, it was very difficult with the 

mechanical and chemical methods to isolate hepatocytes with sufficient viability (Wang et al., 1985).  

Cell growth/proliferation can be measured by several methodologies including cell count, DNA content, protein content, 

or enzyme activity (Costa, 1979). Another index of toxicity is cell viability. Cell viability is measured by using vital dyes 

such as trypan blue which enters dead cells only or neutral red which enters only living cells (Guess et at., 1965). 

Heavy metals are metallic elements having a relatively high atomic weight compared to water. Many heavy metals are 

used as trace elements. All heavy metals, in spite of being essential trace elements, have toxic effects on living organisms.  

Because the heaviness and toxicity are inter-related heavy metals are able to induce toxicity at even at low level of 

exposure. (Duffus, 2002)  

Cadmium (Cd) is an abundant, non-essential and harmful heavy metal of the natural and occupational environment. It is a 

rare metal in the Earth's crust having great motility in soil, high water solubility and superior toxicity, even at low level 

and does not have any positive biological function in living organisms (Tkalec et al., 2008; Berg et al., 2008).  

Toxicity of cadmium on experimental animals is well known and widely reported (                       ). Cd 

produces hepatocyte injury through the generation of ROS and lipid peroxidation, which alters hepatic functions (Amara 

et al., 2006; Lasfer et al., 2008).  

Several scientific evidence have reported that heavy metals induce toxicity in birds through altering their reproductive 

success, behavior, immune response, and biochemical processes (Binkowski et al., 2013).  

The function of liver is determined by the concentration of certain liver marker enzymes. Aspartate aminotransferase 

(AST), alkaline phosphatase (ALP) and alanine aminotransferase (ALT) are enzymes, involved in the gluconeogenesis 

and amino acid metabolism. Diseases, such as liver metabolic syndrome, atherogenesis and type I and II diabetes can 

elevate the activity of enzymes (Zareej et al., 2017; Dunne et al., 1990; Roohbakhsh et al., 2015; Nadeau et al., 2006; 

Shafiee-Nick et al., 2012)  
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III.   MATERIALS AND METHODS 

MATERIALS: 

Hank’s Balanced Salt Solution: 

Balanced salt solution (BSS) can provide an environment that maintains the structural and physiological integrity of cells 

in vitro. Solutions most commonly include sodium, potassium, calcium, magnesium, and chloride. Balanced salt solutions 

are used for washing tissues and cells and are usually combined with other agents to treat the tissues and cells. Hanks' 

salts is a collective group of salts rich in bicarbonate ions, formulated in 1940 by the microbiologist John H. Hanks.  

Trypsin: 

Primary cell cultures usually need to digest and dissociate the tissue to cell suspension. Continuous passage cultures need 

to digest the adherent cell from culture dishes. The common digestion solutions are trypsin, EDTA solution and 

collagenase solution. In a tissue culture lab, trypsin is used to re-suspend cells adherent to the cell culture dish wall during 

the process of harvesting cells. 

Antibiotics: 

Antibiotics and antibiotics were added to prevent contamination. The common ones are penicillin and streptomycin (P/S). 

Treatment with Cadmium: 

The stock solution of cadmium was made in double distilled water and sterilized using a filter. A working solution in the 

corresponding media (1:10 v/v) was prepared to give the concentrations of 1, 10 and 100μM). 

METHODS: 

There are three main method that can isolate and culture the cells: enzymatic method, Mechanical method and Explant 

method. Mechanical method uses for soft cells like liver, kidney and nervous cells, most useful method is enzymatic 

method. Enzymatic method uses when the viability of cells will be less. 

Cell counting and cell viability: 

Although there are different classifications for cytotoxicity and cell viability assays, in this chapter, cell viability through 

Trypan blue dye exclusion assay to determine the number of viable and/or dead cells in a cell suspension. Trypan blue dye 

exclusion assay is based on the principle that live cells possess intact cell membranes that exclude this dye, whereas dead 

cells do not. Trypan blue is a large negatively charged molecule. 

In this assay, the cells are incubated with test compounds for specific time. After the compound treatment, cells are 

washed and suspended. Cell suspension is mixed with dye and then visually examined to determine whether cells take up 

or exclude dye. Viable cells will have a clear cytoplasm, whereas dead cells will have a blue cytoplasm. 

IV.    RESULTS AND DISCUSSION 

Effect of cadmium on cell proliferation 

In recent years, much attention has been made towards the toxicity of agents, particularly cadmium, lead, arsenic, and 

chromium (Daud et al., 2013), has threatened living beings, causing adverse effects on health. During recent years, and 

cadmium is one of them. Cd is a very toxic metal that have many negative effect. 

The effect of Cd has been characterized as dose dependent both in vitro and in vivo (Xiao et al., 2009; Geoffroy-Siraudin 

et al., 2012; Lafuente, 2003; Shao, 2014). The effects of cadmium on cultured Chicken hepatocytes were studied over a 

concentration range (1, 10 and 100μM) for 24 h (Figure ). 

On exposure to cadmium of different concentrations for 24h, it was found that at 1μM the cell count markedly decreased 

but at concentrations of 10μM and 100μM it was found that the cell count was similar but reduced when compared with 

the control. 
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Figure: Effect of the different concentrations of Cd on the viability of chicken hepatocytes. At 24 h of culture, 

Chicken hepatocytes were treated with varied concentrations of Cd in the presence (1, 10 and 100μM). After 24 h, 

cell viability was evaluated using the Trypan Blue assay. 

V.   CONCLUSION 

The liver is the largest internal organ in the body and the most important and vital biological functions related to 

metabolism take place in liver. Liver is the most frequently targeted organ in terms of cytotoxicity. The main 

achievements of this initial work are summarized in the following point:  

 Chicken hepatocyte proliferation has shown that cadmium had negative effects on hepatocyte proliferation (Figures).  
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