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Abstract: Toxicity of cadmium has been demonstrated in several organs. Cadmium leads to injury of tissue by creating oxidative stress, 

epigenetic changes in DNA. Among various organs in the body, brain is a soft target of cadmium. Cadmium has a very detrimental 

effect on the nervous system. The review discusses the current knowledge on Role of Apoptosis in Cadmium Induced Dopaminergic 

Alterations in Rat Brain. 
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1. Introduction 
 

Heavy metals are natural components of the Earth's crust 

which cannot be degraded or destroyed. To a small extent 

they enter our bodies via food, drinking water and air. As 

trace elements, some heavy metals (e.g. copper, selenium, 

zinc) are essential to maintain the metabolism of the human 

body. However, at higher concentrations they can lead to 

poisoning. Its poisoning could result, for instance, from 

drinking-water contamination (e.g. lead pipes), high ambient 

air concentrations near emission sources, or intake via the 

food chain.Heavy metals can enter a water supply by 

industrial and consumer waste, or even from acidic rain 

breaking down soils and releasing heavy metals into streams, 

lakes, rivers, and groundwater. 

 

The term “Heavy Metal” refers to any metallic chemical 

element that has a relatively high density and is toxic or 

poisonous at low concentrations. Examples of heavy metals 

include 

cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl) 

and lead (Pb). Heavy metals tend to accumulate in an 

organism over time, thus increasing the concentration in the 

organism. This is called as bioaccumulation. 

 

Cadmium (Cd), one of the toxic heavy metal has been 

classified as a human carcinogen by the International 

Agency for Research on Cancer (IARC) (ATSDR1999). It 

was discovered by German scientist as a by-product of the 

zinc refining process during the year 1817. Its name has 

been derived from the Latin word cadmia and the Greek 

word kadmeia (Duruibeet al, 2007). 

 

Cadmium having atomic no.48, a soft bluish white metal, 

and chemically similar to in group 12, Zn and Hg. The most 

common forms of cadmium found in the environment exist 

in combinations with other elements. Hydrochloric acid 

(HCl), sulphuric acid (H2SO4) and nitric acid (HNO3) 

dissolve cadmium by forming cadmium chloride (CdCl2), 

Cadmium Sulphate (CdSO4) or Cadmium Nitrate 

(Cd(NO3)2). Most cadmium used in this country is obtained 

as a by-product from smelting (melting) zinc, lead, or copper 

ores. 

 

The cadmium by-product is mostly used in metal plating and 

to make pigments, batteries, and plastics. 

 

Prolonged exposure to Cd will cause toxic effect due to its 

accumulation over time in a variety of tissues, including 

kidneys, liver, and central nervous system (CNS) and 

peripheral neuronal systems. 

 

2. Materials and Methods 
 

2.1 Animals 

 

Adult male rats of wistar strain (180 ± 20 g) were obtained 

from animal-breeding colony of CSIR-Indian Institute of 

Toxicology Research, Lucknow. The animals were housed 

in plastic polypropylene cages under standard animal house 

conditions with a 12 hours light/dark cycle at 25 ± 2
o
C. The 

animals had access to pellet diet (Ashirwad Industries Pvt. 

Ltd, India) and water ad libitum. All experimental protocols 

were approved by the Animal Care and Ethics Committee of 

Indian Institute of Toxicology Research, Lucknow. 

 

 
Figure 3.1: Wistar Strain Adult Rat 

 

There were two treatment groups as per following details,  

Group I–  Rats treated with vehicle (distilled water) daily 

for 28 days and served as controls 

Group II –  Rats treated with cadmium as cadmium chloride 

(dissolved in distilled water, 5 mg/kg body weight, p.o.) 

daily for 28 days 

 

Rats were sacrificed by cervical decapitation 24 h after the 

last dose of treatment. Brain part were taken out quickly, 

washed in ice cold saline and dissected into regions (corpus 

striatum) following the standard procedure as described by 

Glowinski and Iversen, (1966) 
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Instruments Used:  

The major instruments used are as fallows- 

 

 Milli-Q water purification assembly (Millipore, USA) 

 Millipore filter assembly (Millipore, USA)  

 RC-5B sorvall high speed centrifuge (Du-Pont, USA) 

 UV-Visible Spectrophotometer (Thermo Spectronic, 

USA), were the major instruments used in the study 

 Biorad western blot assesmbely (Biorad) 

 

2.2 Neurotransmitter Receptor Binding Assay 

 

Assay of dopamine DA-D2 receptors in corpus striatum were 

carried out by radioligand receptor binding technique 

following the standard procedure (Khanna et al. 1994). 

Methods for preparation of crude synaptic membranes and 

binding assays are briefly described below. 

 

2.3 Preparation of Crude Synaptic Membrane 

 

Crude synaptic membrane was prepared by homogenizing 

the brain regions in 19 volumes of Tris-HCl buffer (5mM, 

pH 7.4) followed by centrifugation at 40,000 x g for 15 min 

at 4ºC. The sedimented pellet was washed twice by re-

suspending in homogenization buffer followed by re-

centrifugation at the same speed for 15 min at 4ºC. The 

pellet was finally suspended in Tris-HCl buffer (40 mM, pH 

7.4) and stored at -20ºC. 

 

2.4 Protein estimation by Lowry method 
 

Protein concentration in tissue homogenates was measured 

following the method of (Lowry et al., 1951) using bovine 

serum albumin (BSA) as reference. 5 ml of alkaline copper 

reagent (containing 1 part of 2.68% sodium potassium 

tartarate, 1 part of 1% copper sulphate and 98ml parts of 2% 

sodium carbonate in 0.1N NaOH) was added to 980 µl of 

water and 20 µl of tissue homogenate (protein sample), 

taken in duplicate, mixed and kept at room temperature for 

10 minutes, to digest the protein sample. Adding 0.5 ml of 

1N FolinCiocalteu’s reagent for the reaction. The intensity 

of the color developed 30 minutes later, was measured at 

660 nm in spectrophotometer against blank samples without 

protein. The final protein content in the sample was 

calculated using BSA standard curve drawn.  

 

2.5 Radioligand Receptor Binding Assay 

 

Binding incubations was carried out in triplicate in a final 

volume of 1 ml.  The reaction mixture containing Tris buffer 

(40 mMTris-HCl, pH 7.4), along with appropriate 

radioligand and protein was incubated for 15” at 37ºC. The 

details of radioligands and competitors used for the assay of 

neurotransmitter receptors are described in Table – 1. 

Binding tubes was rapidly filtered on glass fiber discs (25 

mm diameter, 0.3 m pore size, Whatman GF/B) soon the 

incubation is over and washed twice rapidly with 5 ml cold 

40 mMTris-HCl buffer to remove unbound radioligand. 

Filter discs was dried and counted in 5 ml of scintillation 

mixture (PPO, POPOP, naphthalene, Toluene and methanol) 

beta-scintillation counter (Packard, USA) at an efficiency of 

30-40% in order to determine membrane bound 

radioactivity. Control incubations were carried out 

simultaneously containing unlabelled competing ligand to 

determine the extent of nonspecific binding. Specific 

binding was calculated by subtracting the nonspecific 

binding (in the presence of competitor) from the total 

binding (in the absence of competitor) and has been 

expressed as pmoles ligand bound/g protein.  

 

Table 1: Details of ligand, competitor to be used for 

receptor binding assays 

Receptor 
Brain 

Region 

Radioligand 

(concentration) 

Competitor 

(concentration) 

Dopamine – 

D2 

Corpus 

striatum 

3H-spiperone 

(1x10-9 M) 

Haloperidol 

(1X10-6M) 

 

2.6 Expression of Bax, Bcl2 and caspase3 Protein 

Involving Western Blotting: 

 

Expression of pro- and anti-apoptotic proteins in corpus 

striatum brain regions was assessed by Western Blotting 

following the method of Jamal et al. (2007). Briefly, the 

protein samples (50 mg protein / lane) were electrophoresed 

on SDS–PAGE (12%), electro blotted to nitrocellulose 

membranes, blocked with blocking buffer and incubated 

with primary antibody Bcl-2 rabbit monoclonal antibody 

(Cell signalling, 1 : 1000 dilution), Bax rabbit monoclonal 

(Cell Signaling,1 : 1000 dilution), Caspase-3 rabbit 

monoclonal (Cell Signaling,1 : 1000 dilution), followed by 

incubation with horseradish peroxidase-linked secondary 

antibody (anti-mouse IgG, 1:4000; anti-rabbit IgG 1:4000) at 

room temperature for 60 min. After the incubation, blots 

were washed and developed using an immobilon western 

chemiluminescent HRP substrate (Millipore, USA) 

following the recommended procedure. Beta Actin was 

probed as an internal control and used to confirm that an 

equal amount of protein was loaded in each lane. A digital 

gel image analysis system (VersaDoc, Model 1000, Bio Rad, 

and Quantity 1) was used for quantification of protein. 

 

2.7 Expression of dopamine receptor proteins (DA-D1 

and DA-D2) involving Western Blotting 

 

Expression of dopamine receptor (DA-D1 and DA-D2) 

proteins in corpus striatum was assessed by Western 

Blotting following the method of Jamal et al. (2007). 

Briefly, the protein samples (50 mg protein / lane) were 

electrophoreses on SDS–PAGE (12%), electro blotted to 

nitrocellulose membranes, blocked with blocking buffer and 

incubated with primary antibody D1rabbit polyclonal 

(protein tech, 1: 1000 dilution), D2 receptor rabbit 

polyclonal (protein tech, 1: 1000 dilution), followed by 

incubation with horseradish peroxidase-linked secondary 

antibody (anti-rabbit IgG 1:4000) at room temperature for 60 

min. After the incubation, blots were washed and developed 

using an immobilon western chemiluminescent HRP 

substrate (Millipore, USA) following the recommended 

procedure. β actin was probed as an internal control and 

used to confirm that an equal amount of protein was loaded 

in each lane. A digital gel image analysis system (VersaDoc, 

Model 1000, Bio Rad, and Quantity 1) was used for semi-

quantification of protein. 
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2.8 Steps involved in western blotting process 

 

2.8.1 Protein sample preparation for western blotting: 

Dissect out brain tissue (Corpus Striatum) with clean tools, 

on ice preferably and as quickly as possible to prevent 

degradation by protease. Take dissected brain part in 

eppendroff tube & weigh it. Add Lysis Buffer & Protease 

inhibitor cocktail in 20% w/v. Homogenize the tissue with 

the help of Homogenizer. Centrifuge it at 12000g for 15 

minute at 4ºC. Collect supernatant and store -20 ºC. 

 

2.8.2 Protein Estimation 

Lowry method was used for protein estimation. Method is 

sensitive as it employs two colour-forming reactions. It 

involves biuret reaction in which Cu
2+

 (in the absence of 

base) reacts with the peptide bond to give deep blue colour. 

In addition Folin-Ciocaltue chemistry, in which complex 

mixture of inorganic salts reacts with tryptophan and 

tyrosine residue to give blue-green colour, is also used. The 

combination of two reaction gives an assay that is more 

sensitive that either reaction alone. (Lowry et al., 1951) 

 

2.8.3 Protein standard used: Bovine serum albumin (BSA, 

1 mg/ ml) was used as a reference standard. 

 

2.8.4 Preparation of Copper Alkaline Reagent (CAR) 
a) 2% sodium carbonate and 0.1N of sodium hydroxide was 

dissolved in 100ml of water to make up a solution. 

b) 2ml of this solution was removed and 1ml of Na
+
/K

+ 

(2%) tartarate and 1ml of copper sulphate (1%) was 

added and mixed thoroughly to get a solution of alkaline 

copper reagent. 

 

2.8.5 Folin- ciocalteu Reagent (FR) 
 

Diluted with equal volume of water to prepare the desired 

volume 

 

Procedure 

Table 2: Protein Estimation Assay 
Assay Distilled 

water 

(µl) 

Protein 

standard 

(BSA) 

(µl) 

Sample 

(Membrane) 

(µl) 

Alkaline 

copper 

reagent 

(ml) 

Folin-

Ciocalteu 

reagent 

(ml) 

Blank 1000 __ __ 5 0.5 

Standard 900 100 __ 5 0.5 

Samples 980 __ 20 5 0.5 

 

a) Sample and standard were added to make the volume up 

to 1ml, and two tubes were also kept parallel as blank 

containing water only. 

b) 5ml of alkaline copper reagent was added in each tube 

and mixed thoroughly. 

c) Tubes were incubated at room temperature for 10 min. 

d) 0.5 ml of diluted Folin-ciocalteu reagent was added in 

each tube and vertexed  immediately. 

e) Incubated at room temperature for 30 min. 

 

A. The tubes were vertexes and zero was adjusted in 

spectrophotometer with blank and took the absorbance 

at 660 nm. 

B. Total protein was calculated using following formula: 

 

2.8.6 Gel Electrophoresis 
The proteins of the sample are separated using gel 

electrophoresis. Separation of proteins may be by isoelectric 

point (pI), molecular weight, electric charge, or a 

combination of these factors. The nature of the separation 

depends on the treatment of the sample and the nature of the 

gel. By far the most common type of gel electrophoresis 

employs polyacrylamide gels and buffers loaded with 

sodium dodecyl sulphate (SDS). SDS-PAGE polyacrylamide 

gel nets to remove secondary and tertiary structure (e.g. S-S 

disulfide bonds to SH and SH) and thus allows separation of 

proteins by their molecular weight. Sampled proteins 

become covered in the negatively charged SDS and move to 

the positively charged electrode through the electrophoresis 

maintains polypeptides in a denatured state once they have 

been treated with strong reducing age acrylamide mesh of 

the gel. Smaller proteins migrate faster through this mesh 

and the proteins are thus separated according to size (usually 

measured in kilo Daltons, kD). The concentration of 

acrylamide determines the resolution of the gel - the greater 

the acrylamide concentration the better the resolution of 

lower molecular weight proteins. The lower the acrylamide 

concentration the better the resolution of higher molecular 

weight proteins. Proteins travel only in one dimension along 

the gel for most blots. Samples are loaded into wells in the 

gel. One lane is usually reserved for a marker or ladder, a 

commercially available mixture of proteins having defined 

molecular weights, typically stained so as to form visible, 

coloured bands When voltage is applied along the gel, 

proteins migrate into it at different speeds. These different 

rates of advancement separate into bands within each lane. 

 

2.8.7 Purpose of stacking gel 

Stacking gel is used to concentrate the protein sample into a 

sharp band before it enters the resolving gel. This is 

achieved by utilizing the differences in ionic strength and 

pH between the electrophoresis buffer and the stacking gel, 

which involves a phenomenon known as isotachophoresis. 

Stacking gel has larger pore size, which allows the protein 

samples to concentrate and move freely under the effect of 

electric field. Band sharpening is attained by the difference 

in the electrophoresis mobility of glycinate ions, protein-

SDS complex and chloride ions in the loading buffer. For 

having a steady electric circuit all the ionic species have to 

migrate at the same speed under the influence of the applied 

field. Field strength is inversely proportional to conductivity 

that is proportional to concentration. 

[Cl-] > [protein-SDS] > [Glycinate] 

Due to lower concentration of protein-SDS complex they 

concentrate in a very tight band between glycinate and 

chloride ion boundaries. Once glycinate ions reach the 

resolving gel due to the higher pH environment they get 

easily ionized and their mobility increases. 

 

2.8.9 Electrophoresis 
After protein estimation equal amount of sample mixed with 

1x lamelli buffer then boil at 100 °C for 5 to 8 minute. Equal 

amount of protein is loaded in to each well of gel.  Gel was 

run at 25Volts through the stacking part of the gel. Turn the 

volts up to 50V after the proteins have gone through the 

stack and are migrating through the resolving gel. Allowed 

migration to continue until the blue dye front reached the 

end of the glass plates, but does not migrate off the gel. 
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Transfer 

Transfer of the protein samples was done using following 

method: 

a) The pads, filter paper were presoaked in chilled transfer 

buffer. 

b) A sandwich of gel and Nitrocellulose membrane was 

compressed in a cassette between the presoaked pads and 

the filter papers and immersed in a buffer between a pair 

of electrodes. 

c) Precautions were taken to avoid any air bubbles between 

the gel and the membrane. 

d) A constant current (150mA for 110 minute) was passed 

at right angles to the gel, which caused the separation of 

proteins to electrophorese out of the gel and into the 

Nitrocellulose membrane. 

 
Fig 1:- Process of Transfer in Western Blotting 

(source:http://www.bio-rad.com/) 

 

2.8.10 Blocking 

Blocking is a very important step in the immunodetection 

phase of Western blotting because it prevents non-specific 

binding of antibody to the blotting membrane. The open 

sites on the membrane were blocked with 5% BSA by 

incubating the membrane in it for 40 min at room 

temperature with intermittent rocking. 

 

2.8.11 Incubation with Primary Antibody 

The Nitrocellulose membrane was incubated with the 

primary antibody at 4
0
C temperature over night hour with 

intermittent shaking. The antibody was prepared in 0.5 BSA 

at a titter of 1:1000. 

 

2.8.12 Washing 

This step is to remove excess primary antibody (unbound). 

Washing solution was prepared by adding 0.1% of tween-20 

in 1liter PBS. For washing, the membrane was incubated in 

washing solution for 1hr with changing washing solution at 

every 10 minute. 

 

 

2.8.13 Incubation with Secondary Antibody 
The membrane was incubated for 90 min with Anti-rabbit 

HRP conjugate secondary antibody, diluted in the ratio of 

1:2000 in blocking buffer. 

 

2.8.14 Washing 

washing is to remove unbound secondary antibody that are 

not bound to primary antibody. 

 

2.8.15 Detection: 

After the unbound probes are washed away, then next step is 

detection of probes that are labeled and bound to protein of 

interest. Substrate was prepared by the mixing of 1ml of 

luminal substrate with 1ml of Enhancer solution in the dark. 

The substrates were added and the membrane was observed 

for Chemiluminescencein VersaDoc Image analyzer (Bio-

Rad) for development of bands that conforms the presence 

of the interested protein against which the antibody was 

used. This reaction was carried out at dark, since substrate 

used is light sensitive compound. Densitometry was done by 

the software provided by Alpha innotech Image analyzer 

(USA). 
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3. Results 
3.1 Effect of cadmium exposure on the expression of DA- 

D1and DA- D2 receptors in rat corpus striatum 

The results of present study demonstrate that exposure to 

cadmium caused an increase in the expression of DA-D1 

receptor (1.13 Fold; p>0.05) and a significant decrease in the 

expression of DA-D2 receptor (1.64 Fold; p<0.01) in corpus 

striatum of rat as compared to controls (Figure 3.1.1). 

 
Figure 3.1.1: Effect of cadmium exposure on the expression 

of DA-D1 and DA-D1 receptor in corpus striatum of rates 

for 28 days 

3.2 Effect of cadmium exposure on the binding of 3H-

spiperone to rat straital membranes 

 

Exposure to cadmium caused a significant decrease in the 

binding of 3H-spiperone (51%; p<0.001) in corpus striatum 

of rats as compared to controls shown in Figure 3.2.1. 

 
Figure 3.2.1: Effects of cadmium exposure on the binding 

of 3H- spiperone to rat striatal membrane for 28  days. 

 

3.3 Effect of cadmium on the expression of selected 

proteins associated with apoptosis  

 

3.3.1Effect of cadmium exposure on the expression of 

Bax in rat corpus striatum: 

Exposure to cadmium caused a significant increase in the 

expression of pro-apoptotic protein Bax (2.1 Fold; p<0.001) 

in corpus striatum of rats as compared to controls (Figure 

3.3.1.1). 

 
Figure 3.3.1.1: Effect of cadmium exposure on the 

expression of bax, pro apoptotic protein in corpus striatum 

of rates for 28 days 
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3.3.2 Effect of cadmium exposure on the expression of 

Bcl2 in rat corpus striatum: 

The members of the Bcl2 family are important in 

determining the extent of a cell to apoptosis.  Exposure to 

cadmium caused a significant decrease in the expression of 

Bcl2, an anti-apoptotic protein (1.74 Fold; p<0.01) in corpus 

striatum of rats as compared to controls (Figure 3.3.2.1). 

 

 
Figure 3.3.2.1-Effect of cadmium exposure on the 

expression of bcl2, antiapoptotic protein in corpus striatum 

of rates for 28 days 

 

 

3.3.3 Effect of cadmium exposure on the expression of 

Caspase-3 in rat corpus striatum: 

Caspases, are a family of cysteine proteases that play 

essential roles in apoptosis. The caspases that get activated 

via recruitment to signaling complexes are known as the 

initiator and executer caspases, as they provide a link 

between cell signaling and apoptotic execution. As evident 

from Figure 3.3.3.1, exposure to cadmium caused a 

significant increase in the expression of executer protein 

caspase-3 (1.95 Fold; p<0.01) in corpus striatum as 

compared to controls. 

 

 
Figure 3.3.3.1: Effects of cadmium exposure on expression 

of executer- protein (caspase3) in corpus striatum of rats for 

28 days. 

 

4. Conclusion 
 

The results of the present study indicates that exposure to 

cadmium caused a significant decrease in DA-D2 receptor as 

no significant increase in the expression of DA-D1 receptors 

were observed in corpus striatum. Further, exposure of rats 

to cadmium resulted to increase the expression of Bax, a 

pro-apoptotic protein and decrease the expression of Bcl2, 

an anti- apoptotic protein, enhanced expression of Caspase -

3, an executer protein  in corpus striatum was also distinct in 

rats exposed to cadmium. The result of the present study 

clearly indicates that exposure to cadmium could cause brain 

dopaminergic alterations in rats and these changes could be 

associated with enhanced apoptosis. 

 

5. Future Prospects 
 

Decrease in the expression of DA-D2 receptor associated 

with the decrease binding of DA-D2 receptor provide an 

important lead to unravel the molecular mechanism involved 

in dopaminergic dysfunction. The study will help to identify 

molecular targets involved in cadmium induced 

dopaminergic signaling and associated functional deficits. 

 

Based on this, suitable strategies which could 

protect/prevent cadmium induced dopaminergic dysfunction 

could be developed. 
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