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Abstract- Cadmium (Cd) is an extremely toxic metal and has a long biological half-life in humans, it enters the brain 

parenchyma and neurons causing neurological alterations in humans and animal models, leading to lower attention, hyper 

nociception, olfactory dysfunction and memory deficits. Rats were exposed to low (2mg/kg bw) and high dose (5mg/kg bw) of 

Cd through subcutaneous injections. The activity levels of epinephrine, norepinephrine and dopamine contents were studied in 

discrete brain areas of the young rats such as hippocampus, cerebral cortex and cerebellum. Hippocampal levels of 

catecholamines were significantly reduced in rats exposed to Cd. Our data suggest that Cd exposure disturbs aminergic system 

in the hippocampus, cerebral cortex and cerebellum and may contribute to the alterations in neurotransmitters. 
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I. Introduction 

Neurotransmitters such as Dopamine (DA), 

Epinephrine(EPI) and Norepinephrine(NE) contain  catechol 

group  or 1,2-dihydroxy  benzene ring in their  structure,  

and are  called catecholamines and they are derived  from 

the tyrosine by the catalytic action of the enzyme, tyrosine 

hydroxylase(TH) (1) having separate and distinct pathways 

in the brain. They are located in various brain regions and 

other tissues and serve many functions like emotion, 

attention and visceral regulation. DA is a biogenic amine 

neurotransmitter that has been shown to mediate central 

nervous systems (CNS), cardiovascular, renal and hormonal 

through the stimulation of alpha- adrenergic, beta-

adrenergic, and dopaminergic receptors (2) and it is an 

intermediate in the synthesis of norepinephrine and 

epinephrine and acts as neurotransmitter in the brain tissue 

and also influences the movement, behaviour and motor 

function. Norepinephrine acts as  a  transmitter  by  exerting  

most  of its  effects  on post synaptic  cells, but in adrenal 

medulla it  acts as a hormone. A sensory stimulus alarms the 

animal and electrifies it into inclination by increasing the 

concentration of epinephrine in the blood and prepares the 

animal for emergency in several ways, increases the heart 

rate and the blood pressure to prepare the cardiovascular 

system for emergency action (3).    

 

Vitamin- C (ascorbic acid) is an essential 

micronutrient required for normal metabolic functioning of 

the body (4). Humans and other primates cannot synthesize 

vitamin C as a result of a mutation in the gene coding for L-

gulonolactone oxidase, an enzyme required for the 

biosynthesis of Vitamin-C via the glucuronic acid pathway 

(5). It can be obtained through diet; lack of vitamin C in the 

diet causes the deficiency disease scurvy (6). It is a cofactor 

for several enzymes involved in the biosynthesis of 

neurotransmitters, collagen and carnitine (7). 

 

Vitamin-C is mainly helpful for catecholamine 

biosynthesis, in particular the conversion of dopamine to 

norepinephrine catalyzed by dopamine b-monooxygenase 

(8). Depression, hypochondria, and mood changes 

frequently occur during scurvy and could be related to 

deficient dopamine hydroxylation. Vitamin- C has ability to 

maintain metal ions in a reduced state which is related to its 

redox potential (9). In addition it is also helpful in 

maintenance of enzyme thiols in a reduced state and sparing 

of glutathione, an important intracellular antioxidant and 

enzyme cofactor and tetrahydrofolate, a cofactor required 

for catecholamine biosynthesis (10). 

 

II. Materials and methods 

Procurement and maintenance of animals 

http://www.isroset.org/
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The study was conducted to evaluate the antioxidant 

efficacy of Vitamin C against the Cd induced toxicity in 

young rats. Young (1month) male albino rats (Wistar) were 

purchased from National Institute of Nutrition, Hyderabad 

and maintained in the animal house of Nirmala college of 

pharmacy, Atmakur, Guntur. All the rats were kept in well 

cleaned, sterilized polypropylene cages lined with paddy 

husk (18" x 10" x 8"). The animals were maintained under a 

regulated light: dark 12 h (7:00–19:00) scheduled at 24 ± 

1
o
C and relative humidity of 55 ± 15%. Rats were provided 

standard rat chow (Sai Durga Feeds and Foods, Bangalore, 

India) and water ad libitum. The experiments were carried 

out in accordance with the guidelines of the 

CPCSEA1629/PO/a/12 and approved by the Institutional 

Animal Ethical Committee at Nirmala college of pharmacy 

of India (017/IAEC/NCPA 2016). 

 

Animal exposure 

After a week of acclimatization, young rats were randomly 

divided into five groups. Rats in the first group served as 

controls second and third group rats were exposed to a low 

dose of 2mg/kg body weight and a high dose of 5mg/kg 

body weight through subcutaneous injection for a period of 

four weeks. Rats of fourth and fifth group for were exposed 

to a low dose of 2mg/kg body weight and a high dose of 

5mg/kg body weight through subcutaneous injection for 3 

weeks and left for a period of one week for supplementation 

with Vitamin C at a dose of 50mg/kg body weight through 

subcutaneous injection. Control animals received only saline 

without Cd. 

 

Estimation of Catecholamines 

The levels of catecholamines (epinephrine, norepinephrine, 

and dopamine) were determined according to the method of 

(11). Synaptosomal fractions were taken in acid butanol to 

give a final concentration of 5 mg/ml and centrifuged at 

800g (-4
0 

C) for 10 minutes. Residues were discarded and to 

the supernatant, 2.5ml of distilled water and 2.5ml of 

heptane were added.  The contents were thoroughly mixed 

and centrifuged at 1000g for 5 minutes. To the aqueous 

phase, 200mg of acid alumina was added followed by 1.5ml, 

2M sodium acetate. The contents were mixed thoroughly for 

5 minutes and the pH was adjusted to 8.0 with 1N sodium 

hydroxide.   

 

The acid alumina was washed by vortexing the tubes twice 

with 2.0ml of distilled water and then centrifuged at 1000g 

for 5 minutes.  The supernatant was discarded and the walls 

of the tubes were blotted with strips of filter paper.  The 

alumina was then vortexed for 5 minutes with 2.0ml of 0.2N 

acetic acid to elute the catecholamines. The tubes were 

centrifuged at 1000g for 5 minutes. The supernatants were 

transferred to 0.1ml of 0.1M EDTA and the pH was adjusted 

to 6.3.  This was followed by the addition of 0.1ml of 0.1N 

iodine solution.  The tubes were mixed thoroughly and 

allowed to stand for two minutes.  Then 0.2ml of alkaline 

sulphite solution was added.  The contents were mixed and 

allowed to stand for 2 minutes at room temperature and the 

pH of the solution was adjusted to 5.4 with 5N acetic acid.  

The samples with known amount of different amine 

standards were separately run to serve as internal standards. 

The fluorescence of epinephrine was read in a 

Spectrofluorometer with excitation and emission 

wavelengths of 410 and 500 nm respectively with a 

bandwidth of 10/10 nm. 

 

Norepinephrine was estimated by heating the same 

solution for 2 minutes in a boiling water bath.  The tubes 

were cooled and the fluorescence of norepinephrine was 

read with excitation and emission wavelengths of 385 and 

485 nm respectively with a slit width of 10/10 nm. After the 

estimation of norepinephrine, the same solution was again 

heated for 5 minutes in a boiling water bath.  Then the tubes 

were cooled and the fluorescence of dopamine was read 

with excitation and emission wavelengths of 320 and 370 

nm respectively with a slit width of 10/10 nm.The amine 

content of each tissue sample was calculated by the method 

of Ansell and Beeson (12) and expressed as μg.amine/gm 

wet weight of tissue.  

III. Results and Discussion 

Dopamine activity 

 
Figure 1 Effect of cadmium on Dopamine activity in brain 

regions of Hippocampus, Cerebral Cortex and Cerebellum 

of control and rats after exposure with cadmium at low 

dose(LD) (2mg) and high dose(HD) (5mg) through 

subcutaneous injections. The recovery of cadmium toxicity 

in separate group of albino rats exposed to cadmium 

subcutaneously at low and high dose treated with vitamin-C 

(50mg)(LDV and HDV). All values are mean of values of 

six albino rats and values marked with(*) are significant at 

P<0.05-0.001. 

 

 

Epinephrine activity 
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Figure 2: Effect of cadmium on Epinephrine activity in brain 

regions of Hippocampus, Cerebral Cortex and Cerebellum 

of control and rats after exposure with cadmium at low 

dose(LD) (2mg) and high dose(HD) (5mg) through 

subcutaneous injections. The recovery of cadmium toxicity 

in separate group of albino rats exposed to cadmium 

subcutaneously at low and high dose treated with vitamin-C 

(50mg)(LDV and HDV). All values are mean of values of 

six albino rats and values marked with(*) are significant at 

P<0.05-0.001. 

 

Norepinephrine activity 

 
Figure 3: Effect of cadmium on Norepinephrine activity in 

brain regions of Hippocampus, Cerebral Cortex and 

Cerebellum of control and rats after exposure with cadmium 

at low dose(LD) (2mg) and high dose(HD) (5mg) through 

subcutaneous injections. The recovery of cadmium toxicity 

in separate group of albino rats exposed to cadmium 

subcutaneously at low and high dose treated with vitamin-C 

(50mg)(LDV and HDV). All values are mean of values of 

six albino rats and values marked with(*) are significant at 

P<0.05-0.001. 

 

Our observation in the present study highlight that 

Cd administration has induced significant alterations in the 

levels DA, NE, and E in various regions of rat brain such as 

cerebral cortex, cerebellum and hippocampus of both low 

and high dose substantiating that susceptibilities of different 

brain areas to Cd exposure could be related to local 

differences in their formation and maturation as well as the 

development of neurotransmitter systems might be affecting 

various steps in the metabolic pathway of the synthesis of 

these neurotransmitters. In addition to this, the 

administration of Vitamin-C along with Cd showed recovery 

from all synaptosomal aminergic system alterations in 

monoamine levels. 

 

 This neurotransmitters interact with each other in 

complex networks, for instance in the processes of learning 

and memory, in which dopamine and serotonin is proposed 

to have a fundamental role in locomotion (13,14). 

Neurotransmitters are of interest as potential targets for 

neurotoxicants because they are integral to neuronal cell 

function and may play a role in neurite outgrowth. Since the 

catecholamines are thought to regulate motor activity in 

rodents, the levels of amines were among the first 

neurochemical parameters to be investigated in experimental 

Cd poisoning. Increasing evidence have shown that Cd 

accumulates in the brain is allied with changes in several 

neurotransmitter systems, as per studied in whole brain and 

in discrete brain areas (15). Chandra (16) stated that rats 

exposure to Cd has resulted variations in DA, NE and 

serotonin (5-HT) in brain. 

 

Neuromodulators such as norepinephrine and 

acetylcholine arise from brainstem and basal forebrain 

regions that have widespread projections throughout the 

brain, which are involved in memory consolidation and 

synaptic plasticity. Recent studies have illustrated that direct 

administration of epinephrine (17,18) resulted significant 

improvements in memory. Cd administration not only 

induced alterations in catacheloamines but also it induces 

oxidative stress and increase in lipid peroxidation levels 

(LPO). Probably mechanism of Cd induced LPO is a 

contributing factor could be the enhancement of both DA 

release and turnover rate, as DA catabolism produces 

hydrogen peroxide(H2O2) (19) and exogenous H2O2 

decreased dopamine release by 50-60% (20). Various 

studies have been reported subsequently providing analysis 

of increased lipid peroxidation and oxidative stress as a 

result of Cd poisoning (21,22). 

 

Results of our present study showed that Cd 

exposure alters the aminergic system in synaptosomal 

catecholamine levels in the order of hippocampus, cerebral 

cortex and cerebellum. Several reports indicate that the 

hippocampus (23,24) and nucleus accumbens (25) are 

important targets of this neurotoxic heavy metals such as 

lead and Cd. Andersson  (26) have shown alterations in DA, 

3,4-dihydroxyphenyl acetic acid (DOPAC), 5-HT, and 5-

HIAA content and metabolism in hippocampus, frontal 

cortex and striatum of rats exposed to Cd. 

 

Cd even at low concentrations can disrupt a number 

of biological systems, that are much lower than most toxic 

metals (27, 28). It has the ability to increase the basal release 
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of the neurotransmitters from the presynaptic nerve endings. 

This can occur both in the peripheral nervous system and 

central nervous system. This may be the reason for the 

observed decrease in the monoamine levels in synaptosomal 

fractions in the present study. Cd exposure is associated with 

an enhanced release of catecholaminergic neurotransmission 

based on the decreased levels of dopamine and 

norepinephrine, epinephrine.  

Cd mostly accumulates in neural tissue in the 

central and peripheral nervous systems (29). Rats treated 

with different concentrations of Cd had more residues of Cd 

in multiple brain regions than control rats. In addition they 

also observed that prolonged exposure to relatively low 

amounts of CdCl2 results in cadmium accumulation in a 

dopamine-rich brain region (30). Our present findings are 

also parallel with these results that rats treated with Cd show 

more amount of Cd residues in brain regions than control.  

Several reports indicate that the Cd can increase or 

decrease the basal concentration of dopamine in brain 

(31,32). Besides, higher concentrations of Cd have been 

demonstrated to inhibit dopamine uptake in rat striatal 

synaptosomes, signifying that Cd intrinsically hinders the 

function of the dopamine transporter (33). Chronic Cd 

exposure also results in the loss of striatal neurons and a 

change in the number or function of vesicular monoamine 

and dopamine transporters, contributory role of cadmium 

toxicity in the development of neurological or psychiatric 

disorders associated with dysfunction of central 

dopaminergic pathways, such as schizophrenia or 

Parkinson’s disease (34,35). These results are also consistent 

with our results that Cd inhibits neurotransmitter amines 

such as DA, EPI and NE.  

 

Ascorbic acid can influence the elaboration and 

functioning of nervous tissue and it is required for the 

transformation of dopamine into noradrenaline. Moreover, 

the biosynthesis of catecholamines occurs in brain and the 

adrenal gland in the presence of ascorbic acid (36). 

Dehydroascorbic acid is a oxidized form of ascorbic acid 

which can cross the blood brain barrier by means of 

facilitative transport and act as a neuroprotective agent in 

brain (37).Our results agrees with this statement that 

Vitamin-C reduces the Cd induced alteration in brain. 

 

In our present study Cd administration with in short 

time duration resulted decrease in catecholamine 

concentration in young rats at both doses. Decreasing of 

catecholamine concentration in high dose is more than low 

dose. From this study we can illustrate that decrease in 

catecholamines is in dose dependent manner. The reason 

may be Tyrosine hydroxylase (TH) is a rate limiting enzyme 

in the biosynthesis of catecholamine and catalyzes the first 

step of a biochemical synthetic pathway in which L-tyrosine 

is converted to L- 3, 4dihydroxy-phenylalanine (L-dopa). 

Recent studies reported that PKCδ negatively regulates TH 

activity and dopamine synthesis by enhancing PP2A activity 

in dopaminergic neurons (Zhang et al., 2007). In addition to 

this decrease in DA content is also found in all brain regions 

of adult male and of newborn rats after Cd administration 

(Antonio et al., 2010). 

IV. Conclusion 

From our present study we can allude that Cd exposure 

alters the monoamine levels in a dose dependent manner in 

all three rat brain regions. These alterations can be reversed 

with administration of Vitamin-C. Supplementation with 

antioxidant is more effective in combating with the Cd 

induced alterations on monoamine levels. However 

chelation with Vitamin-C helps in reducing the Cd burden 

effectively in Cd exposed rats. 
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