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Abbreviations: Cd, cadmium; MDA, malondialdehyde; ApoB, 
apolipoprotein b

Introduction
Cadmium (Cd); a non-essential trace element; is one of the most 

toxic heavy metals in the environment for plants and animals.1 
Environmental contamination by Cd results from its industrial use 
and its presence in agricultural fertilizers. This is a subject of serious 
concern since the metal is known to enter the food chain and can 
undergo bioaccumulation; endangering human health.2 In human; non-
occupational exposure to Cd predominantly results from smoking; air 
pollution and consumption of Cd-contaminated sea foods and water.3 
Once absorbed; Cd stimulates the formation of metallothionein (a 
family of low molecular weight metal binding proteins unique in 
their high cysteine content available in liver; kidney; intestine and 
pancreas) and reactive oxygen species. Metallothionein is thought to 
function in the storage of the essential metals zinc and copper; and to 
serve as an antioxidant; preventing damage to cellular constituents; but 
which also retains Cd in the cell. As Cd bound to metallothionein is of 
small size therefore it is released into the circulation filtered by kidney 
and reabsorbed by cells of proximal tubules. Cd thus accumulates in 

renal tubular cells; until the synthetic capacity for metallothionein 
is exceeded. When the concentration of Cd in the kidney reaches 
a critical concentration; renal dysfunction is likely to occur; thus 
causing oxidative damage to tissues and cells by altering lipid 
peroxidation and loss of membrane functions.4–9 Cd causes damage to 
several organs such as liver, kidney, lung and testes following acute 
intoxication, and nephrotoxicity, immunotoxicity, hepatic dysfunction, 
osteotoxicity and tumors on prolonging exposures.9–11 It also affects 
various structures and metabolic processes; such as nucleic acids, 
carbohydrate energy metabolism, protein synthesis, and enzyme 
systems.12 Several studies have demonstrated that Cd stimulates free 
radical production in tissues where malondialdehyde is used as an 
indicator of oxidative damage; resulting in oxidative deterioration 
of lipids player thereby initiating various pathological conditions in 
humans and animals.13–15 The molecular mechanism responsible for 
the toxic effects of Cd is not well-understood. Several tissues were 
selected for investigation based on the fact that Cd has been reported 
to accumulate in all tissues; although the level of accumulation differs; 
leading to various diseases conditions. Therefore, the purpose of this 
research was to study the lipid profile and MDA concentrations in 
the plasma, erythrocyte, brain and liver of rats induced with different 
doses of Cd in drinking water.
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Abstract

Background: Cadmium is a serious environmental and occupational contaminant that 
may represent a serious health hazard to humans and other animals. Since cadmium 
cannot be degraded, the risk of environmental exposure is constantly increasing because 
of accumulation via the food chain. Exposure to cadmium at the cellular level can produce 
tissue injury and damage various organs, but the underlying mechanism is enigmatic. 

Methods: In order to investigate its toxicity on lipid profile and malondialdehyde 
concentration, thirty-two rats were exposed to 100, 200 and 300 ppm cadmium in their 
drinking water for six weeks while the control group received distilled water for the same 
period. 

Results: At all the concentrations, cadmium produced a significant (p<0.05) dose-
dependent hypocholesterolemia, hypotriglyceridemia and hypophospholipidemia in the 
plasma and erythrocyte respectively. Exposure to cadmium resulted in increased hepatic 
triacylglycerol concentration, whereas brain triacylglycerol concentrations were reduced. 
While cadmium induced brain phospholipidosis, a reduction in liver phospholipid 
concentration was observed. There was a significant (p<0.05) dose-dependent increase in 
the plasma, erythrocyte, brain and liver malondialdehyde concentrations corresponding to 
56, 89, and 69 % at high dose of 300 ppm respectively compared to control. While positive 
associations were observed between plasma, liver, brain, erythrocyte malondialdehyde and 
organ triacylglycerol and phospholipid, negative associations were observed with liver 
phospholipid.

Conclusion: The results showed that exposure to cadmium for 6 weeks significantly causes 
dose-dependently up-/-down lipid profile and increased malondialdehyde concentration in 
rats. 
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Materials and methods 
Animals and treatment

Thirty-two adult male albino Wistar rats (bred in the Animal 
House of the Department of Biochemistry; Faculty of Sciences; Lagos 
State University; Ojo; Lagos; Nigeria) with body weight between 180 
and 200g were used for the experiment. They were housed in animal 
stainless cages with a 12h light/dark cycle and free access to food and 
water for 14days prior to the experiment. The animals were randomly 
and equally distributed into four groups (n=8). Animals in group one 
were given distilled water and served as controls while rats in three 
other groups were given 100; 200 and 300ppm Cd in the form of Cd-
chloride in drinking water respectively for short-term exposure of six 
weeks. All groups were fed ad libitum with grower mash with minimal 
Cd level (product of Animal care; Lagos; Nigeria). Although the 
levels surpassed Cd levels to which humans are exposed to in water;16 
but the concentrations embodied levels of Cd that have elicited toxic 
effect in rats.17,18

At the end of Cd exposure; the rats were fasted overnight and 
sacrificed under light anesthesia. Blood was collected into heparinized 
tubes by cardiac puncture under light diethyl ether anesthesia. The 
blood sample were centrifuge at 2000 x g for 10 minutes into plasma 
and erythrocyte while the brain and liver were quickly excised, 
homogenized and placed on ice until required for biochemical 
analysis. All these animal protocols conformed to the international 
guiding principles of laboratory animal care and use in research and 
teaching19 and were approved by the Animal Ethical Committee of the 
Department of Biochemistry; Lagos State University; Ojo; Nigeria.

Extraction of lipids

Lipids in the plasma known weight of brain and liver lipids 
were extracted according to the Folch extraction method using 
chloroform-methanol mixture (2:1 v/v).20 The extraction of lipids 
from erythrocytes was done using chloroform-isopropanol 7:11 v/v 
method.21 The extracts were stored at -20°C for further analysis. 

Biochemical analysis

Lipid profile determination: Concentrations of total cholesterol; 
triglyceride and phospholipids in plasma; erythrocyte; brain and 
liver were determined with commercial kits (Spin React S.A.; Santa 
Colona; Sant Esteve De Bas; Spain). 

Malondialdehyde determination: Concentration of malondialdehyde 
(MDA) was measured as per the spectrophotometric method.22 
Briefly; to each test tube; 0.5ml of plasma; 0.5ml of normal saline; 
1ml of 20% trichloroacetic acid and 0.25ml of thiobarbituric acid 
reagent (200mg of thiobarbituric acid in 30ml distilled water and 
30ml of acetic acid) were added. The test tubes were kept for boiling 
at 95°C for one hour. To each of the test tubes; 3ml of n-butanol was 
added and mixed well. The tubes were centrifuged at 3000rpm for 
10minutes. The separated butanol layer was collected and read on a 
spectrophotometer against reagent blank at 535nm. Thiobarbituric 
reactive substance concentration was expressed in terms of normal 
of MDA per milliliter of plasma and erythrocyte. The brain and liver 
homogenate was expressed in terms of nmoles MDA formed/g tissue. 
All determination was done in triplicate.

Statistical analysis

The results are expressed as mean±SEM. Statistical differences 
in the means were determined using One-way analysis of variance 
(ANOVA) followed by Turkey’s test (Turkey honest significant 
difference (THSD)) with p<0.05 considered significant. The 
associations between the parameters and their magnitudes were tested 
for by using Multiple Linear Regression analysis.

Results
Lipid profile of Cd -induced plasma, erythrocyte, brain 
and liver

The effect of Cd on the lipid profile of plasma, erythrocytes, brain 
and hepatic cells through drinking water in animals is depicted in 
Table 1. There was a significant (p<0.05) dose-dependent decrease 
in plasma and erythrocyte total cholesterol triacylglyceride and 
phospholipids when compared to control. Exposure to Cd at all 
doses compared to control, resulted in significant decreased in brain 
cholesterol (11.16±0.67a to 7.37±0.43dmg/g) and triacylglyceride 
(14.45±1.26a to 9.66±0.74dmg/g) but an increase in phospholipids 
concentration (7.50±0.32ato9.39±0.47dmg/g). While Cd-induction 
resulted in decreased concentration of hepatic cholesterol 
(14.96±0.49a to 9.50±0.37dmg/g) and phospholipids (9.37±0.50a to 
6.95±0.50dmg/g); there was an increased triacylglyceride (9.67±0.74a 
to 15.55±0.69dmg/g) concentration at all doses when compared to 
control. 

Table 1 Effect of Cd on lipid profile of plasma, erythrocytes, brain and hepatic cells.

Parameters Control
Cadmium doses

100ppm 200ppm 300ppm

Plasma Lipid Profile

Cholesterol (mg/dl) 176.43±13.14a 141.64±10.94b 125.42±9.02c 107.68±9.06d

Triacylglyceride (mg/dl) 158.84±7.51a 148.33±10.84b 140.19±5.51c 126.25±3.84d

Phospholipid (mg/dl) 124.76±13.83a 107.07±15.08b 91.55±5.61c 86.53±3.73d

Erythrocyte Lipid Profile

Cholesterol (mg/dl) 118.44±8.59a 111.89±9.83b 102.08±4.96c 85.29±1.16d

Triacylglyceride (mg/dl) 148.49±5.47a 132.31±1.60b 117.75±3.12c 109.57±2.47d

Phospholipid (mg/dl) 83.84±4.79a 72.11±4.45b 65.24±3.75c 60.59±2.78d

Brain Lipid Profile

Cholesterol (mg/g) 11.16±0.67a 10.38±0.93b 9.26±0.38c 7.37±0.43d

Triacylglyceride (mg/g) 14.45±1.26a 13.92±0.70b 11.59±0.28c 9.66±0.74d

Phospholipid (mg/g) 7.50±0.32a 8.42±0.41b 9.14±0.73c 9.39±0.47d
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Parameters Control
Cadmium doses

100ppm 200ppm 300ppm

Hepatic Lipid Profile

Cholesterol (mg/g) 14.96±0.49a 12.77±0.97b 10.91±0.56c 9.50±0.37d

Triacylglyceride (mg/g) 9.67±0.74a 11.67±0.49b 13.48±0.73c 15.55±0.69d

Phospholipid (mg/g) 9.37±0.50a 8.88±0.17b 8.14±0.45c 6.95±0.50d

Values are represented as mean±SEM, n=8. Rows of the same compartment carrying different letters of the alphabet are significantly different from each other 
(p<0.05).

Table continued...

MDA level of Cd -induced plasma, erythrocyte, brain 
and liver

Cd-exposure resulted in increased plasma MDA by 56% at the 
highest dose of 300 ppm compared to control (Figure 1A). There was 

a 9-fold significant (p<0.05) dose-dependent increase in erythrocyte 
MDA at the highest dose (Figure 1B). However, the increase in both 
brain and liver MDA level elicited by exposure to Cd yielded 7- and 
3-fold above the control respectively (Figure 2A,2B).

Figure 1 Effects of cadmium on plasma (a) and erythrocyte (b) malondialdehyde levels.

Each bar represents the mean±S.E.M of rats. Bars with different alphabets are significantly different at p<0.05.

Figure 2 Effects of cadmium on brain (a) and liver (b) malondialdehyde levels. Each bar represents the mean±S.E.M of rats. Bars with different alphabets are 
significantly different at p<0.05.

Cholesterol/phospholipids intensities of association 
among tissue lipid profile and MDA

The ratios of cholesterol to phospholipids in the plasma and organ 
of rats as a result of Cd exposure are depicted in Table 2. With the 
exception of the brain where exposure to Cd resulted in decrease ratio 
from control (1.51±0.12a) to highest dose (0.79±0.06d); cholesterol, 
phospholipid ratios in all the other organs observed up-down regulation 
as a result of Cd exposure. The intensities of association between the 

blood organ MDA and blood, brain and liver MDA and lipid profile 
are depicted in Table 3. Correlation; as calculated by the Pearson’s 
method; revealed significant positive and negative associations among 
the parameters. It was observed that a highly significant negative 
association existed between plasma MDA and liver phospholipid 
(r= -0.487; p<0.01); liver MDA and liver phospholipid (r= -0.580; 
p<0.01); erythrocyte MDA and liver phospholipid (r= -0.559; p<0.01). 
A significant positive association was observed between plasma, liver, 
brain, erythrocyte MDA and tissue lipid profile respectively.
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Table 2 Ratio of cholesterol to phospholipids in plasma and different organ compartments of control of Cd-exposed animals

Values are mean±S.E.M. Values having different superscripts within a column differ significantly from each other (p<0.05).

Cadmium dose Plasma Erythrocyte Brain Liver

Control 1.52± 0.19a 1.45± 0.15a 1.51± 0.12a 1.62± 0.02a

100ppm 1.43±0.17b 1.60±0.18b 1.23±0.08b 1.44±0.11b

200ppm 0.43±0.17b 1.59±0.11b 1.05±0.08c 1.38±0.12c

300ppm 1.25±0.09c 1.42±0.06a 0.79±0.06d 1.41±0.11b

Table 3 Intensity of association among the tissue MDA and organ lipid concentrations in the animals.

MDA= Malondialdehyde **: Correlation is significant at the 0.01 level, *: Correlation is significant at the 0.05 level

Parameters Correlation coefficient (r) p-Value

Plasma MDA vs. Brain MDA 0.540** 0.001

Plasma MDA vs. Liver MDA 0.561** 0.001

Plasma MDA vs. Liver triacylglycerol 0.395* 0.025

Plasma MDA vs. Liver phospholipid -0.487** 0.004

Plasma MDA vs. Brain phospholipid 0.519** 0.002

Liver MDA vs. Liver triacylglycerol 0.706** 0.000

Liver MDA vs. Brain phospholipid 0.415* 0.018

Liver MDA vs. Liver Phospholipid -0.580** 0.000

Brain MDA vs. Liver triacylglycerol 0.702** 0.000

Brain MDA vs. Brain phospholipid 0.420* 0.017

Erythrocyte MDA vs. Liver triacylglycerol 0.705** 0.000

Erythrocyte MDA vs. Brain phospholipid 0.449* 0.010

Erythrocyte MDA vs. Liver phospholipid -0.559** 0.001

Discussion
Cd exposures in humans and animals produce a series of 

adverse effects in the biological systems; which is thus the cause 
of great concern. In this study, the effects of Cd exposures on the 
lipid profile of rats along with the MDA concentration in relation to 
doses were examined. The finding revealed that Cd exposure indeed 
perturbs the metabolism of lipids; which plays an important role 
in the reactions of the animals. These perturbations were reflected 
as up-/down-regulation of the concentrations of the major lipids 
(cholesterol; triacylglyceride and phospholipids). Cd was found 
to dose-dependently down-regulate the plasma and erythrocyte 
concentrations of cholesterol, triacylglyceride and phospholipids 
the brain concentrations of cholesterol and triacylglyceride with a 
concomitant increase in phospholipids concentrations and decrease 
hepatic cell concentrations of cholesterol and phospholipids with 
a concomitant up-regulation in triacylglyceride concentrations 
significantly compared to control animals. These were in agreement 
with the findings of other researchers.23–26 The data also indicate 
that the activity of MDA an end product of lipid peroxidation was 
up-regulated as a result of Cd-induction which is in consistent with 
previous researchers.24

The observed down-regulated cholesterol in the plasma, 
erythrocyte, brain and hepatic cells could be attributed to the Cd 
effect on cholesterol metabolism which causes decrease in supply 
for cell division and reparative processes. Several interpretations of 

these results could be considered. Firstly, the decrease in cholesterol 
may be due to inhibition of lecithin-cholesterol acyltransferase 
activity in Cd-treated rats.23,24 Secondly, the cholesterol decreases 
in Cd-exposed animals suggests that Cd activates the acyl-CoA: 
cholesterol acyltransferase which catalyzes intracellular esterification 
of cholesterol and as such is involve in intestinal absorption of 
cholesterol hepatic assembly of ApoB-containing lipoproteins foam 
cell formation and atherogenesis.27 Thirdly, decrease cholesterol 
impaired developmental gene sonic hedgehog and organization of cell 
membranes during development of embryonic tissues and organs.28

The liver is the main source of both cholesterol synthesis and 
disposal therefore hypocholesterolemia is associated with increased 
hepatic triacylglyceride levels as divulged by this study. The 
association is a consequence of both decreased clearance and increased 
hepatic lipogenesis. Studies have shown that increased adipose tissue 
lipolysis in response to endotoxin and cytokines provides increased 
quantities of fatty acid for triacylglycerol synthesis.29 Likewise, the Cd 
induced decrease in the hepatic concentration of phospholipids with 
the concurrent growth in the brain concentration may result from their 
enhanced degradation by phospholipases. Cd is noted as the stimulator 
of the activity of phospholipase A2 responsible for this process.25 The 
significant dose-dependent Cd-induced phospholipidosis observed 
in the brain suggests that a part of fatty acids are shunted to the 
phospholipids synthetic pathway at the expense of triacylglyceride 
synthesis. This is similar to results observed from other researchers.26 
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It is known that phospholipids and triglycerides are metabolically 
interconnected by common lipid intermediates such as diacylglycerol 
and fatty acids which are exchanged in a recycling pathway that 
could be potentially relevant for membrane synthesis and lipid signal 
transduction.30

Moreover, changes in the level of phospholipids would 
compromise the integrity and function of cell membranes because 
these mainly depend on the lipid balance31 especially on the 
cholesterol/ phospholipids ratio revealed by this study. The observed 
alterations in cholesterol-phospholipid ratio could results in increased 
red cell membrane permeability, fragility and reduced fluidity. The 
net increase or decrease of cholesterol in the membrane would be 
expected to cause considerable changes in the organization of lipid 
molecules in the membrane. Accumulation of phospholipids in the 
cell of the brain may lead to the formation of numerous multi-lamellar 
inclusion bodies in cell cytoplasm resulting in loss of cellular function 
and viability to generate oxidative stress which compromises the 
integrity of the cell membrane thereby promoting brain dysfunction.32 
The decreased plasma, erythrocytes and hepatic cell phospholipids 
revealed by this study may be as a result of an impairment of 
catabolism of the atherogenic triacylglyceride-rich lipoproteins which 
is due to the decreased transfer of phospholipids between plasma 
lipoproteins mediated in part by the phospholipid transfer protein.

The changes in the distribution of lipids in the different subcellular 
particles after Cd exposure can be associated with a change in the 
turnover of lipids in a medium of high oxidative stress which is known 
to modify the properties of membranes. Cd is attached to the inner 
membrane of mitochondria where it enhances lipid peroxidation 
and disturbs the integrity of mitochondrial membranes by producing 
hydroxyl radicals, superoxide anions, nitric oxide and hydrogen 
peroxide.33 The lipid peroxidation end product MDA serves as a 
reliable marker of oxidative stress.34 Our data revealed that induction 
with Cd significantly elevated MDA in all compartments. This is 
in consistent with previous researchers.22 Cd might have induced 
phagocytic cells for production of reactive oxygen species which 
may be involved in the initiation of lipid peroxidation and oxidative 
stress in different tissues. Another possible mechanism of Cd-induced 
lipid peroxidation through displacement of iron from its binding sites 
leading to acceleration of free radical production has been suggested. 
The up-and-down lipid profile concentrations and increased level 
of MDA observed in this research suggested that the membrane 
function is disrupted by Cd-induction as evidence in the cholesterol/
phospholipids ratio.

Conclusion
However, some tissues increased and decreased lipid profile and 

MDA concentrations and they represent a different dose response 
of Cd exposure. These findings then suggest that alteration of lipid 
profile and elevated MDA might be one of the mechanisms underlying 
the subtle cellular effects of Cd toxicity.
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