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INTRODUCTION 

Preeclampsia (PE), is a pregnancy-specific syndrome that 

is characterized by the development of hypertension and 

significant proteinuria (>=0.3 g/L) after 20 weeks of 

gestation or during labour and/or within 48 hours of 

delivery.1 Although this life-threatening multisystem 

disorder is a significant global health threat that 

contributes to maternal mortality and morbidity, its 

prevalence is higher in developing countries where a 
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ABSTRACT 

 

Cadmium is a toxic metal, an environmental contaminant and a multi-organ poison which has been implicated in the 

derangement of a number of biological and molecular systems. Exposure to cadmium is a serious global health threat 

particularly in developing countries and pregnant women are at great risk, This is because they have increased 

gastrointestinal absorption and retention of cadmium and the tendency for increased risk of complications owing to its 

toxic effects. Preeclampsia is a pregnancy complication characterized by the development of onset of hypertension 

and significant proteinuria after 20 weeks of gestation or during labour and/or within 48 hours of delivery. This 

pregnancy-specific syndrome is a leading cause of maternal death particularly in developing countries. Several reports 

have provided evidence of remote association between preeclampsia and cadmium but the mechanism of the 

involment of this toxic metal in this disease is still surrounded with uncertainty. Some possible mechanistic pathways 

such as induction of oxidative stress, acting as an antimetabolite to zinc and deregulation of epigenetic mechanisms 

have been elucidated in this article may be interconnected, work synergistically or act independently. However, 

pertinent to understand them in a bid to possibly prevent the disease or forestall its devastating consequences. 

Environmental cadmium exposure may be considered a factor that merits further serious attention in the continuous 

search for the precise an etiology of preeclampsia particularly in developing countries that experience uncontrolled 

cadmium release into the environment. 
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pregnant woman is about seven times more likely to 

develop the disorder than a pregnant woman in a 

developed country.2  

The etiology of PE still remains unclear. However, risk 

factors such as nulliparity, maternal age, subclinical 

infections, genetic predisposition and exposure to 

environmental contaminants have been linked to its 

development.3,4 Several reports have provided evidence of 

remote association between PE and Cadmium (Cd), a well-

known environmental contaminant and multi-organ poison, 

which has been implicated in the derangement of a number 

of biological and molecular systems.5,6 However, there still 

exists paucity of information on the mechanism of the 

involvement of Cd in PE. This article, therefore, attempts to 

elucidate some of these mechanistic pathways such as; 

induction of oxidative stress, acting as antimetabolite to zinc 

and deregulation of epigenetic mechanisms. 

REVIEW OF LITERATURE 

Cadmium 

Cadmium is a toxic metal that occupies the 7th position 

out of 275 top priority hazardous substances listed by the 

US Agency for Toxic Substances Disease Registry in 

2017.6 This heavy metal has atomic number 48, atomic 

mass 112, melting point 321°C, boiling point 765°C and 

occurs as an earth’s crust natural mineral element in 

combination with other elements such as oxygen, 

chloride and sulphur.6 However, for more than 50 years 

now, increased anthropogenic, industrial and domestic 

activities such as the use of fossil fuels, metal ore 

combustion, waste burning and cigarette smoking among 

others, have led to increased release of Cd into the 

environment with great negative impacts particularly on 

developing countries with poor environmental pollution 

laws and control.7  

It is worthy of note that Cd is not bio-degradable, as such, 

every new release into the environment adds to the pre-

existing environmental deposits leading to increased 

environmental Cd pollution, subsequent human exposure 

and increased human bioavailability and 

bioaccumulation.8 The population of particular concern 

are the pregnant women who have been reported to be at 

increased risk of Cd exposure owing to increased 

gastrointestinal absorption, retention and accumulation of 

Cd in the placenta which inadvertently increases mother 

and foetal mortality and mobidity.9 

Cadmium and oxidative stress 

Cadmium exposure leads to the production of Reactive 

Oxygen Species (ROS) such as superoxide ion (O2.-), 

Hydrogen Peroxide (H2O2) and Hydroxyl adicals (OH.).10 

An imbalance between the production of ROS and the 

ability of the body to counteract their harmful effects 

through neutralization by antioxidants results to oxidative 

stress.10 Oxidative stress can lead to disruption of cellular 

macromolecules which might result in physiological 

damage to organs such as the placenta and impact 

negatively on main antioxidant enzymes in the placenta 

such as Superoxide Dismutase (SOD), Catalases (CAT) 

and Glutathione Peroxidases (GSH-PX).11 Superoxide 

dismutase catalyzes the dismutation of O2.- to H2O2 and 

works together with other enzymes such as CAT and 

GSH-PX to remove excess H2O2. These antioxidant 

enzymes have been reported to have decreased activity in 

women with preeclampsia.11  

The metabolites of these antioxidant enzymes also 

possess antioxidant properties and are also essential for 

diverse metabolic processes. These metabolites may be 

classified as hydrophilic metabolites such as Glutathione 

(GSH) and vitamin C and hydrophobic metabolites such 

as vitamin E. Glutathion is a tripeptide made up of three 

amino acids (cysteine, glutamic acid, and glycine) that 

plays a predominant role as a substrate for GSH-

transferase and it is maintained in the reduced form by 

glutathione reductase. In Cd-induced cellular responses, 

GSH and vitamin C have dual role of neutralizing ROS 

and also detoxifying Cd directly.13 The plasma levels of 

GSH and vitamin C have been reported to be low in 

preeclamptic women.14,15  Vitamin E, is another essential 

vitamin that protects cell membranes from lipid 

peroxidation caused by Cd-induced oxidative damage 

which is low in women with preeclampsia.16,17 Plasma 

malondialdehyde, a major metabolite of lipid 

peroxidation, increased in preeclampsia.17 Amino acid 

side-chains of proteins have also been reported to be 

modified by direct oxidative attack or by lipid 

peroxidation products, resulting in the formation of 

additional carbonyl groups.18 Higher placental levels of 

markers of lipid peroxidation, oxidative protein damage 

or oxidizing potential when compared with placentas 

from normal pregnancies have also been reported.19,20 

Cadmium as antimetabolite to zinc 

In contrast to Cd that is a non-essential metal, Zinc (Zn), 

is an essential metal.21 The interaction between these two 

metals are mostly antagonistic owing to their similar 

physicochemical properties such as similar electronic 

configuration, oxidation state of +2 and equal affinities 

for Sulphur, nitrogen and oxygen ligands.21  

Hence, Cd can displace Zn in several biological systems 

by competing with Zn for its transporters, displacing it in 

proteins such as p53 and decreasing the activities of Zn-

dependent enzymes such as Copper-Zn SOD resulting to 

increased risk of preeclampsia.22,23 Also, exposure to Cd 

in pregnant women has been associated with functional 

loss and compromised p53-mediated DNA damage repair 

resulting to increased risk of preeclampsia.24,25  

Cadmium and epigenetics 

Epigenetics involves heritable alteration in gene 

expression and chromatin without accompanying changes 
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in DNA sequence.26 These alterations may arise from 

DNA methylation which often modifies the function of 

the genes and affects gene expression. DNA methylation 

is controlled at different levels in cells and is carried out 

by DNA methyltransferases which are enzymes required 

for establishment and maintenance of DNA methylation 

patterns.27 Reports have shown that Cd exposure can 

modulate the activity of this enzyme. While acute 

exposure to Cd induces DNA hypomethylation and 

decreases DNA methyltransferase activity, prolonged 

exposure results in DNA hypermethylation and increases 

DNA methyltransferase activity, thereby disrupting DNA 

methylation and subsequently, predisposing a pregnant 

woman to preeclampsia.28,29 

DISCUSSION 

Preeclampsia, a public health issue of global significance, 

appears to be a serious concern particularly in developing 

countries. In Nigeria this disorder is a serious concern 

contributing about 36.9% of all maternal deaths in 

pregnant women.30 The causes of preeclampsia are 

largely unknown but more recently, Cd, a ubiquitous 

toxic metal has been added to the list of risk factors. 

Cadmium is a ubiquitous, toxic metal and multi-organ 

poison which has been implicated in the derangement of 

a number of biological and molecular systems such as 

membrane lipids, enzymes in endothelial cells and 

placental tissues.4-6 As such, established features of 

preeclampsia such as maternal vascular endothelial 

dysfunction and impaired placental function, which are 

surrounded by molecular events, may be secondary to Cd 

pollution, exposure and toxicity.  

Given the current rate of increased release of Cd 

particularly in developing countries and the fact that it is 

not bio-degradable, relevant new policies on improved 

environmental emission control might be required to 

control Cd release into the environment. For instance, the 

government should have its own vehicle inspection and 

maintenance facilities in order to ensure the 

roadworthiness of vehicles since growing number of 

vehicles and poor road conditions are major causes for 

high environmental Cd pollution particularly in 

developing countries.7,31 In addition, efforts should be 

made to phase-out Cd in products and get appropriate 

replacements for applications for which Cd is still being 

used. 

Furthermore, there is the need for continuous extensive 

awareness campaign on the adverse effect of Cd pollution 

on the environment and the populace. Pregnant women 

should be highly concerned about staying in endemic 

areas of Cd contamination to protect their reproductive 

health and the development of the foetus. However, 

considering the relevance of micronutrients such as Zn in 

mitigating Cd toxicity, supplementation with 

micronutrients should be encouraged particularly in poor 

resource developing nations where pregnant women are 

prone to micronutrient malnutrition.32  

CONCLUSION 

Environmental cadmium exposure is a factor that merits 

further consideration in the continuous search for the 

precise etiology of preeclampsia. Hence, it is pertinent to 

understand the mechanism of involvement of cadmium in 

this disorder in a bid to possibly prevent the disease or 

forestall its devastating consequences. Some of the 

suggested mechanistic pathways such as induction of 

oxidative stress, acting as an antimetabolite to zinc and 

deregulation of epigenetic mechanisms may be 

interconnected, have synergistic effects or act 

independently. Exposure to cadmium may be considered 

a serious threat to pregnancy since it may at least in part, 

contribute to preeclampsia. 
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