
American Journal of Biopharmacy and Pharmaceutical Sciences • 2023 • 3(6) | 1

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2023 Published by Scientific Scholar on behalf of American Journal of Biopharmacy and Pharmaceutical Sciences

Review Article Toxicology

Molecular and cellular basis of micronutrients 
as antidotes to environmental toxicity related 
disorders - Nigeria in focus
Oyebola Oluwagbemiga Sonuga1 , Gloria Oiyahumen Anetor2 , Ayobola Abimbola Sonuga3 , Nnenna Linda Nwobi4 ,  
Okezie I. Aruoma5 , John Ibhagbemien Anetor6

1Department of Chemical Pathology, University College Hospital, Ibadan, 2Department of Public Health Science, Faculty of Health Sciences, National 
Open University of Nigeria, Abuja, 3Department of Biochemistry, Lead City University, Ibadan, 4Department of Chemical Pathology, Ben Carson School of 
Medicine, Babcock University, Ilishan-Remo, Nigeria, 5Department of Chemistry and Biochemistry and Department of Pan African Studies, California State 
University, Los Angeles, California, USA, 6Department of Chemical Pathology, College of Medicine, University of Ibadan, Nigeria.

ABSTRACT
e environment is the totality of the living and non-living surroundings of an organism needed for sustainability 
and life. ere are several sources by which the air, water, food, and the whole environment gets polluted, 
becoming unhealthy for living. Human activities result in the generation of harmful molecules that accumulate 
in the environment predisposing to adverse human health. ere are several contaminants present or released to 
the environment ranging from persistent organic pollutants, toxic metals, hydrocarbons, pesticides and generally 
induce oxidative stress from the generation of reactive oxygen species, reactive nitrogen species, and free radicals, 
damaging DNA, protein and lipid structures of the cell, ultimately resulting in various diseases, especially non-
communicable diseases such as cancers and development disorders. A favorable antioxidant status is considered 
protective of human health, enhancing resistance to disease or improving prognosis through redox and molecular 
mechanisms. Although therapeutic regimens still occupy pride of place in the global health systems, especially in 
Africa, advances in science provide compelling evidence of the urgent need to have a better understanding of the 
antioxidant system and its application in reinforcing human defense mechanisms. A pragmatic approach based 
on sound scientific principles is to adopt the intake of protective factors modulating host defense mechanisms 
largely antioxidant systems by employing dietary and/or pharmaceutical agents as chemopreventive or biological 
interventions (bio-actives). Micronutrients are a diverse group of substances including vitamins and micro-
minerals which play a significant role as cofactors and enzymes in signal transduction and genetic signaling. ese 
beneficial bio-molecular effects are exerted through the modulation of several important signaling pathways. 
Micronutrients include potent non-enzymatic antioxidants such as Vitamin C, Vitamin E, carotenoids, retinoids, 
thiols, natural flavonoids, among others, and trace elements such as copper, manganese, zinc, selenium, and iron 
which play a significant role as co-factors for the control of the activity of antioxidant enzymes. Recognition of 
the potential of prime poly-functional micronutrients is pivotal and should be harnessed in Africa, especially 
Nigeria, at least in part as a proactive and economical approach to disease prevention and management. is 
article highlights the serious prevalent environmental pollution in resource-limited nations like Nigeria, due 
to progressive industrialization and attendant sequelae or consequences, and how they can be mitigated by 
antioxidants based on their molecular cellular and biochemical activities; thus providing a pragmatic economic 
and sustainable approach to maintaining the health of the population in Nigeria and in the global population 
optional.

Keywords: Environmental toxicity, Micronutrients, Antidotes, Human health, Antioxidants

https://ajbps.org

American Journal of Biopharmacy and 
Pharmaceutical Sciences

 *Corresponding author: 
John Ibhagbemien Anetor, 
Department of Chemical 
Pathology, College of Medicine, 
University of Ibadan, Nigeria.

johnanetor@gmail.com

Received: 29 January 2023 
Accepted: 18 July 2023 
Published: 06 December 2023

DOI 
10.25259/AJBPS_7_2023

Quick Response Code:

https://orcid.org/0000-0002-5951-3703
https://orcid.org/0000-0001-7050-0834
https://orcid.org/0000-0001-5461-1067
https://orcid.org/0000-0002-7929-3189
https://orcid.org/0000-0002-5119-70
https://orcid.org/0000-0002-9862-7244
https://dx.doi.org/10.25259/AJBPS_7_2023


Sonuga, et al.: Protective role of micronutrients in toxicity

American Journal of Biopharmacy and Pharmaceutical Sciences • 2023 • 3(6) | 2

INTRODUCTION

ere is currently great concern about environmental 
pollution and its significant contribution to the global burden 
of disease; environmental pollution is responsible for one in 
six deaths worldwide as depicted in [Figure 1].[1] Collective 
environmental pollution accounts for all-cause mortality 
than infection currently, giving it a greater priority and cause 
for concern.

e environment is made up of all of an organism’s 
surrounding elements, both living and non-living, that are 
necessary for its survival,[2] and it includes air, water, land, 
plants, animal, and humans living on planet earth and 
the interactions between one another.[2] e characteristic 
condition of an environment at a given time, therefore, has a 
significant effect on the living and non-living components of 
that particular environment.[2] According to recent reports, 
environmental pollution accounts for approximately one-
third of the disease burden in Africa.[1-3]

Environmental pollution arises largely from the mindless 
introduction of harmful and foreign substances into the 
environment, potentially damaging either the environment 
or human health, by interfering with fundamental molecular 
and cellular processes owing to natural occurrence and/
or human anthropogenic activities, as a consequence of 
industrialization and restructuring activities. Although 
globally evident, it is at an increasingly alarming rate in 
low-  and medium-income countries (LMICs) currently.[4] 
e overall effect is the contamination of the pristine nature 
of the environment, making it unhealthy and toxic for the 
habitation of living beings [Figure  2a and b].[5,6] All living 
organisms, especially humans and animals, are at risk of 
exposure to environmental pollutants most commonly 
through inhalation.[4]

ere are several sources through which the environment 
including air, water, soil, food, and others gets polluted. 
ese are derived from anthropogenic activities such as 
agriculture, metallurgy, energy production, and sewage 
disposal as well as natural disasters.[7] Some of the key 
pollutants include organic and inorganic molecules, 
pesticides, and biological agents including toxins, all 
of which exert harmful effects on living organisms 
ultimately at the molecular level. Over time, urbanization, 
industrialization, and technological development have 
resulted in the increased release of many toxic substances 
which are released to the environment daily.[8] ese largely 
go unmitigated and exert their destructive effect at the 
basic and functional levels by interference with biochemical 
processes in which micronutrients play key roles as 
cofactors/coenzymes.

Interest in the role of micronutrients in optimizing 
health, prevention, and/or treatment of health disorders 

is fast growing. Micronutrients are a diverse group 
of nutrients including essential vitamins (organic 
micronutrients) and trace elements (essential inorganic 
micronutrients) which are required for intermediary 
metabolism, regulation of molecular and cellular 
mechanisms in varying amounts.[9,10] ese micronutrients 
can be obtained from food and food supplements as 
clearly illustrated in [Figure 3].[11]

ey play a significant role in modulating several metabolic 
and biochemical functions by acting as cofactors/coenzymes, 
antioxidants, and in genetic control; also in overall human 
development and well-being, including the regulation 
of cardiac activity, cellular pH, and bone density among 
others.[12] is article, therefore, summarizes the extent 
of environmental toxicity, its related disorders and how 
micronutrients can serve as antidotes in a developing society 
such as Nigeria.

Figure  1: Global estimated deaths by major risk factor or cause, 
with environmental pollution as the major contributor to number of 
deaths, even more than major infectious diseases.[1]

Figure  2: (a) Environmental pollution 
arising from burning of refuse on illegal 
dumpsite on the road; and smoke emissions 
from automobiles.[5] (b) Environmental 
pollution arising from dumping and 
burning of human waste on the same water 
used for drinking, fishing, bathing among 
others.[6]

a

b
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Figure 3: Micronutrients food sources. Different food types, fruits, 
vegetables, seafood, and poultry, among others as rich sources of 
trace elements and vitamins.[11]

SUMMARY OF ENVIRONMENTAL TOXICITY AND 
HEALTH-RELATED DISORDERS IN NIGERIA

Nigeria, like most of the LMICs, is rapidly industrializing 
with increasing use of many types of chemicals and other 
toxic substances contributing considerably to environmental 
pollution (air, water, and soil pollution). is is coupled with 
its share of a high burden of infectious diseases, creating 
a mixed bag of infectious and non-infectious diseases of 
equal proportion. Environmental pollution-associated 
health disorders are also becoming a major concern in 
Nigeria.[13] Recent reports indicate that the country is ranked 
as the 10th most polluted country in the world with Kano, a 
state in the Northern part of the country ranked as the most 
polluted city in Africa.[13] Sources of environmental pollution 
in Nigeria include untreated sewage accumulation and open 
solid waste dumpsites in major cities of the country. Lead 
poisoning in the Northern part of the country, especially 
in Zamfara state rated as one of the severe in modern time, 
large-scale deforestation in South Western states of the 
country, increased artisanal mining activities, illegal refining, 
use of leaded petrol, airborne dust, arbitrary discarding and 
burning of toxic waste, location of production industries in 
inhabited areas, inadequate environmental legislation, and 
weak implementation of protective environmental policies, 
among others. All these have given rise to incomparable 
contamination and pollution in recent decades.[14] Some 
of the environmental pollution problems in Nigeria are 
illustrated in [Figure  4],[2] indicating lead poisoning, water, 

and air pollution among others in the different regions and 
states of the country.

Nigeria ranks as the 15th largest producer of crude oil in the 
world[15] and exploration of the crude oil is associated with 
well-recognized environmental contamination, especially in 
the Niger Delta area of the country, and this is a huge source 
of hydrocarbon pollution in the air [Figure 5a and b].[16] e 
Nigeria crude oil has been reported to contain relatively 
high concentrations of toxic metals, including lead (Pb), 
nickel, chromium, arsenic (As), cadmium (Cd), and 
vanadium.[17] e toxicity caused by this crude oil pollution 
has been associated with a wide range of disorders in people, 
including neurological, renal, and respiratory disease 
conditions.[18]

In Zamfara State, Nigeria, an epidemic of Pb poisoning from 
illegal artisanal mining led to the deaths of about 163 persons 
between March and June 2010, including 111 children 
<5  years of age.[19] ese artisanal mines took very little 
precautionary measures as depicted in [Figure 6][20] where a 
young boy sat on a stack of ore sacks in a mining processing 
site in Bagega village, Zamfara State, Nigeria.

ere are also several reports that the level of contamination 
of farm food crops, agricultural soil, and drinking water by 
toxic metals, especially in the Northern part of the country 
and Niger Delta area exceed the World Health Organization/
Food and Agriculture Organization of the United  Nations/
European Union permissible limits.[21-23]

Due to the persistent and prevailing epileptic electricity 
power supply in Nigeria, household generator diesel and 
petrol emissions are a significant source of air pollution in 
the country. A recent report estimated that 30% of residences 
and over 90% of businesses in Africa’s most populous 
country utilize diesel-powered generators, totaling over 15 
million units.[24] e increasing incidence of lung cancer in 
Nigeria among urban non-smoking individuals younger 
than 60 years of age, the majority of whom use diesel 
generators regularly appear to provide indirect evidence 
of the link between diesel emissions and lung cancer.[24] In 
addition, cases of asthma among adults in Nigeria rose from 
5.1% to 7.5% in 2003 to 13.1% to 14.2% in 2006, making 
Nigeria the country with the second-highest prevalence of 
asthma in Africa.[25] e possibility of the continued increase 
in exposure to generator diesel/petrol exhaust cannot be 
overemphasized.[19] Report from the Health Effects Institute 
and the Institute for Health Metrics and Evaluation, more 
than 114,000 people died from air pollution in Nigeria in 
2017, the highest figure in Africa.[26]

Recent studies show more evidence of the association 
between environmental pollution and several severe 
health conditions, particularly reproductive disorders 
(e.g., infertility), diabetes mellitus, respiratory disease 
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Figure 4: Map of Nigeria showing different locations and environmental problems such as erosions, 
oil spillage, lead poisoning, water, and air pollution, among others.[2]

Figure  5: (a) Emissions from fire outbreak following pipeline 
explosion, commonly due to pipeline vandalization in Nigeria.[16] 
(b) Cases of gas flare in the Niger delta, resulting in air pollution 
increases the risk of inhalational toxicity.[16]

Figure  6: A  young boy sitting on a stack of ore sacks in mining 
processing site in Bagega village, Zamfara state, Nigeria.[20]

(emphysema), anemia, bone disease (osteomalacia), impaired 
cognition, cardiovascular diseases, and breast, testicular, and 

ovarian cancers among others.[2,27] [Figure 7] shows some of 
the clinical disorders that could arise from chronic exposure 
to toxic metal mixtures.[28]

Due to the potential of Cd to bioaccumulate and its half-life 
of 4–19 years in human bodies, higher levels of Cd in Nigeria’s 
cement dust and clinker constitute a health risk to both 
factory workers and those in the immediate surroundings.[29] 
[Figure  8] depicts air pollution from a cement production 
factory in Nigeria, constituting a health risk (inhalational 
disorders) to both the factory workers and living beings 
around the area.[30] Occupational exposure to Cd has been 
linked with renal tubular dysfunction (hypercalciuria and 
renal stone production), osteomalacia, and osteoporosis.[31] 
Despite these weighty reports and evidence, Nigeria has paid 
little to no attention to the mercury (Hg) content of cement 
dust among others, which has the tendency to bioaccumulate 
and exposes workers in cement factories to the development 
of crippling neurodegenerative diseases such as Alzheimer’s 
disease and Autism.[31]

In 2010, a lingering lead poisoning episode claimed 
the lives of more than 400 children in Zamfara State, 
Nigeria.[32] A community survey in Jos, Nigeria, revealed 
that 70% of toddlers aged 6–35  months had blood lead 
contents of 10  mg/dL or above, which is more than the 
safe limits proposed by the Centers for Disease Control 
and Prevention.[33] Exposure to lead is associated with 
sterility (through damage to the germinal epithelium 
and spermatocytes), renal impairment, dental caries, 

a b
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Figure 7: Adverse health effects of human exposure to toxic metal mixture from the environment; 
molecular and cellular mechanisms of toxicity indicated.[28]

Figure 8: Pollution from cement production factory in Nigeria, this 
constitutes a health risk (inhalational disorders) to both the factory 
workers and those in the immediate surroundings.[30]

hypertension, delayed pubertal development, irregular 
menstruation, preterm births, and stillbirths [Figure 9].[34,35]

Other studies in the Nigerian population have also revealed 
that women who experience spontaneous miscarriage or 
other pregnancy difficulties or breast cancer have high blood 
levels of toxic metals which include Pb, Hg, Cd, and As.[28]

Pesticides are used all over the country, in farms, homes, 
schools, gardens, and public parks to improve food yield.[36] 
A food test carried out in Nigeria on 217 different food items 
revealed that the concentration of pesticides such as 
dichlorodiphenyltrichloroethane, aldrin, and dieldrin to be 
higher than the maximum allowable concentration (which 
ranged from 1.2 to 2160 µg/kg). ese chemicals have been 
linked to the development of cancer, cardiovascular disease, 
dermatitis, birth defects, morbidity, impaired immune 
function, neurobehavioral disorder, allergic immune reaction, 
and some are immunotoxic.[37] [Table  1 and Figure  10] 
illustrate some of these disorders’ evolution.[37,38]

Molecular mechanisms of environmental toxicants 
induced health disorders

e molecular mechanism of toxicity is different for each 
environmental pollutant. Studies have shown that many of 
these toxic molecules cause harmful health effects by inducing 
glutathione (GSH) depletion and disruption of sulfhydryl 
groups of proteins through binding to them resulting in 
cellular oxidative stress.[39,40] e effects of environmental 
toxicants may involve genome instability or non-genomic 
mechanisms, such as receptor-linked or non-receptor-linked 
pathway disruptions. Some such as the endocrine disruptors 
(EDCs) act through estrogenic and androgenic pathways 
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Table 1: Implications of pesticide usage on humans, Nigerian study.[37]

Pesticides Application Health effects

Chlorotoluron Post-emergence herbicides Cholinesterase inhibitors
Cyanazine Pre and post-emergence herbicides Increase in adenomas and carcinomas of the kidney
1,2-dibromoethane Fumigant Increase tumor
Fenoprop Herbicide Degeneration and necrosis of hepatocytes and fibroblastic 

proliferation
Heptachlor and heptachlor epoxide Broad spectrum insecticide Kidney tumor
Isoproturon Systemic herbicide Marked enzyme induction and liver enlargement
Methyl-parathion Non-systemic insecticide and acaricide Decreased cholinesterase activities, sciatic nerve 

demyelination, anemia
Methoxychlor Broad insecticide Carcinogenic potential in the liver and testes
Molinate Herbicide Impairment of the reproductive performance
Pyriproxyfen Broad spectrum insecticide Increase in liver weight

Figure 9: Exposure to lead pollution and possible health effects in humans.[35]

Figure 10: Toxic metals and pesticides; routes of contamination or exposure, and effect on human 
health.[38]
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by either mimicking or opposing actions of the estrogenic/
androgenic hormones at their receptor sites.[41]

Available reports indicate that certain EDCs such as 
organotins, bisphenol A, and phthalates among others, 
induce obesity and metabolic syndrome by stimulating 
nuclear hormones and nuclear receptors linked pathways 
causing adipocyte differentiation.[42,43]

It is also known that some of these environmental 
contaminants can increase the risk of cancer mainly by the 
inhibition of histone deacetylases as well as stimulation of the 
protein kinases resulting in exaggerated hormonal functions 
and signaling pathways disruptions. An environmental 
toxicant, methoxyacetic acid administration in rats, has been 
shown to disrupt estrogen receptor beta and P450 aromatase 
and thus increase the risk of testicular cancer.[44]

It is well documented that lead competes with essential 
metals needed by the body, such as calcium (Ca2+), zinc (Zn), 
and iron (Fe), which drive key molecular processes. e 
propensity of lead to substitute for Ca2+ is a characteristic of 
many of its deleterious effects. Lead competes with Ca2+ for 
binding sites on cerebella phosphokinase C, altering neuronal 
signaling. In addition, it builds up in the bone marrow 
where it disrupts the normal development of erythroid 
components and interferes with Ca2+ metabolism both 
directly and indirectly (through interfering with Vitamin D 
metabolism).[45] Lead has a very high affinity for red blood 
cells where it is substituted for Zn, thereby decreasing the 
activity of heme-synthesizing enzymes-ferrochelatase and 

aminolevulinic acid (ALA) dehydratase thus preventing the 
conversion of ALA to porphobilinogen and the incorporation 
of Fe into the protoporphyrin ring, respectively, leading to 
anemia.[46] In summary, Pb has several effects on metabolism 
and gene expression, including disruption of biological 
molecules, disruption of various biochemical processes, 
induction of oxidative stress, rapid depletion of antioxidants 
in the body, and increased production of reactive oxygen 
species (ROS) and reactive nitrogen species (RNS).[47] Some 
of the molecular and cellular mechanism of lead toxicity 
and associated adverse clinical disorders is shown in 
[Figure 11].[47]

Arsenic (As) impairs cellular respiration through the 
inhibition of several mitochondrial enzymes such as 
nicotinamide adenine dinucleotide phosphate oxidase 
(NADPH oxidase) and through uncoupling of oxidative 
phosphorylation leading to the production of ROS. e 
majority of As’s toxicity is caused by its propensity to 
bind with sulfhydryl groups on proteins and enzymes 
as well as to act as a substitute for phosphorus in many 
metabolic processes [Figure  12].[48,49] By inhibiting pyruvate 
decarboxylase, As causes thiamine shortage, which can result 
in encephalopathy.[50] Arsenite also enhances the release of 
inflammatory mediators such as leukotrienes, prostacyclin, 
tumor necrosis factor-alpha, neurokinin-1, and substance P[51] 
and forms covalent links with the disulfide bonds of insulin, 
insulin receptors, glucose transporters, and enzymes involved 
in glucose metabolism. As is a suspected carcinogen and has 

Figure  11: e molecular and cellular mechanism of lead toxicity and associated adverse clinical 
disorders.[47]
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been linked with the disruption of coagulation proteins, the 
formation of complexes with coenzymes, and the suppression 
of adenosine triphosphate generation during respiration.[51]

Another important environmental pollutant is mercury (Hg). 
Hg owes its toxic effects to its ability to damage the mitochondria 
by GSH depletion and conjugation of thiol groups causing free 
radical production.[52] Methylmercury induces neurotoxicity 
by inhibiting serotonin, aspartate, and glutamate uptake by 
the neuronal cells and also causes a prolonged increase in 
intracellular cytosolic Ca2+ concentrations through disruption 
of N-type an L-type Ca2+ channels leading to necrosis/apoptosis 
in the central nervous system.[53]

Cadmium (Cd) yet an important ubiquitous environmental 
pollutant exerts its toxicity by inhibiting antioxidant 
enzymes such as superoxide dismutase (SOD) and catalase 
resulting in excessive ROS generation [Figure 13].[54] It also 
inhibits nitric oxide synthase (NOS) leading to the depletion 
of the sulfhydryl group of proteins and a free radical 
scavenger metallothionein (Zn – concentrating protein 
containing 33% cysteine).[55] Cd is a metabolic antagonist of 
Zn which plays a central role in many molecular processes. 
Smokers had been found to have a high Cd  -Zn ratio due 
to the alteration of Zn status by Cd. is altered ratio had 
been linked with oxidative stress, DNA damage, mutation, 
impaired DNA repair, P53 expression, angiogenic effect of 
copper (Cu), and impaired Vitamin A metabolism. ese 
cellular and molecular abnormalities have been reported to 
increase the risk of cancers in smokers, especially prostate 
cancer.[56]

In addition, it has been observed that Mg and Cd can reduce 
the activities of the hepatic drug-metabolizing enzymes, 
cytochrome P450 and P448, as well as microsomal total P450 
levels.[57]

MICRONUTRIENTS: TOXICANT 
INTERACTIONS

e scientific community in the last couple of decades is 
gradually been persuaded by investigators that rather than 
focusing on a curative approach, what should be emphasized 
is strengthening host resistance in disease prevention and 
management. is is largely driven by micronutrients with a 
wide range of mechanistic modes of action anchored mostly 

Figure 12: Molecular and cellular mechanisms for arsenic-induced toxicity.[49]

Figure 13: Cellular and molecular mechanism of chronic exposure 
to cadmium and corresponding adverse health effects.[54]
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on molecular processes. Micronutrients perform crucial 
functions at the cellular, tissue, and overall metabolism. ey 
play a central role in almost every metabolic, molecular, 
and cellular process, including signal transduction, primary 
and secondary metabolism, cell defense, gene expression 
and regulation, hormone sensing, and reproduction, among 
others.[58]

A recent groundbreaking development in the era of 
molecular biology has been the unearthing of signaling 
pathways that activate many transcription factors that control 
the expression of many proteins involved in the protection 
against DNA damage and the development of cancer. 
Disruption of micronutrient metabolism by environmental 
toxicants may accelerate the degenerative diseases of aging 
through the allocation of scarce micronutrients by triage 
theory. Prasad, in his pioneering studies on the prime 
micronutrient has extended pre-existing concepts with an 
overt leaning toward antioxidants and direct inhibition of 
DNA-damaging reactive carcinogens by vegetable and fruit 
constituents.[51] is realization prompted numerous nations 
to create guidelines for including micronutrients in a typical 
diet.[9] Micronutrients are vitamins and trace elements 
in which generally fruits and vegetables are common 
good sources along with animal products. Nutritional 
interventions to boost the body’s level of micronutrients 
may potentially lower blood concentrations of toxic metals 
and other hazardous molecules in addition to other health 
benefits.[9] Micronutrients are known to protect against 
toxicity of metals by acting at several molecular steps, which 
include absorption and excretion, transport, binding to target 
proteins, metabolism, and sequestration. ey also protect 
against resultant oxidative stress from toxic metal exposure 
by their antioxidant role. Micronutrients include selenium 
(Se), Zn (inorganic), and Vitamins C and E (organic) among 
others.

Selenium (Se) 

Selenium (Se) is an essential trace element that is an 
important component of antioxidant enzymes, such as 
glutathione peroxidase (GPx), thioredoxin reductase (TRR), 
and iodothyronine deiodinases (IDD). It is vital for the 
regulation of the synthesis[59] and the proper functioning of 
several selenoproteins involved in antioxidant defenses within 
the brain and nervous system in humans.[60] Major sources of 
Se include meat, cereal grains, Brazilian nuts, and fish.

Se exists in two forms: (a) organic, for example, 
selenomethionine, selenocysteine, and methylselenocysteine 
and (b) inorganic, for example, selenite and selenate.[61] 
e selenoproteins synthesized from Se include GPx, TRR, 
and IDD which are important intracellular antioxidants 
in preventing oxidative injury;[62] consequently, the 
importance of Se supplementation in boosting up the 

internal antioxidative defense has been emphasized in recent 
years.[63] Se has antimutagenic properties, thereby preventing 
the malignant transformation of normal cells.

Se as a component of the antioxidant selenoenzymes 
and selenoproteins plays its role in protecting against 
atherosclerosis by reducing oxidative stress, inhibiting low-
density lipoprotein oxidation from ROS, and increasing 
nitric oxide (NO) bioavailability. As part of GPxs and TRR, 
it is primarily associated with protecting DNA and other 
cellular components from oxidative damage. It increases 
the antioxidant capacity of cells by (i) enhancing the activity 
of SOD associated with the scavenging of free radicals and 
ROS and (ii) by increasing GSH reductase activity and, 
consequently GSH content in the cell as part of its protection 
against toxic metals.[64]

Se forms insoluble complexes with toxic metals, especially 
Hg, thereby protecting the cells from the damaging effects of 
these metals. Se therefore exerts its protective function against 
environmental pollutants through increased production of 
selenoproteins, competition at key enzyme sites and through 
the formation of inert Se–metal complexes.[65,66] It has also 
been reported that Se facilitates the biliary excretion of As.[66]

Zinc (Zn)

Zinc (Zn) works as an antioxidant in a variety of ways. First, 
Zn displaces Fe and Cu redox-active metals that catalyze 
the formation of hydroxyl radicals (OH.) from hydrogen 
peroxides (H2O2) by competing with them for binding 
to cell membranes and proteins. Second, Zn attaches to 
biomolecules’ (SH) sulfhydryl groups, shielding them from 
oxidation. ird, Zn decreases the activities of oxidant-
promoting enzymes such as inducible NOS and NADPH 
oxidase and increases the activation of antioxidant proteins, 
molecules, and enzymes such as GSH, catalase, and SOD. It 
also inhibits the production of lipid peroxidation products. 
Fourth, Zn stimulates the production of metallothionein, a 
metal-binding protein that is very cysteine-rich and a good 
scavenger of hydroxide ions (OH−).[67]

By interacting with an antioxidant-responsive element in 
the target gene’s promoter region, nuclear factor erythroid 
2-related factor 2 (Nrf2), Zn controls the expression of 
antioxidant proteins and enzymes such as GSH and SOD 
as well as detoxifying enzymes such as glutathione-S-
transferase-1 and heme oxygenase and by increasing the 
activity of Nrf2, thereby lowering oxidative stress.[68] It is well 
known that Zn is an important regulator of immune response 
to microbial infections. Zn inhibits nuclear factor kappa 
B (NF-κB) activation by inducing a Zn finger protein A20, 
resulting in a decrease in the gene expression and protein 
generation of various inflammatory cytokines. Decreased 
activation of NF-κB by Zn also results in decreased gene 
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expression and generation of intercellular adhesion molecule 
1 as shown in [Figure  14].[69] Zn forms soluble complexes 
with toxic metals thereby increasing urinary excretion of 
these metals.

Vitamins

Vitamins include Vitamin A (retinoids), Vitamin E (primarily 
α-tocopheryl succinate), Vitamin C (primarily sodium 
ascorbate), and carotenoids (primarily polar carotenoids). 
Experimental evidence has shown that Vitamins C and E act 
by direct removal of ROS from the intracellular compartment 
by hydrophilic Vitamin C; and within the cell membrane 
by lipid-soluble Vitamin E, while the polyphenols and 
phytosterols neutralize ROS directly by donating electrons or 
hydrogen atoms from their hydroxyl (or carboxyl) groups.[70]

Vitamin C is a water-soluble vitamin that exists in the body 
primarily in its reduced form, ascorbic acid and it works as 
an antioxidant to prevent oxidative stress-related cellular 
damage. e oxidized form of the vitamin, dehydroascorbic 
acid, also has antiscorbutic activity because it is easily 
reduced intracellularly to ascorbic acid. e ability of the 
vitamin to provide electrons and readily be converted back 
to its reduced form by GSH accounts for its particular 
effectiveness as an in vivo antioxidant.[71] It is an essential 
cofactor for α-ketoglutarate-dependent dioxygenases such 
as prolyl hydroxylases, which play a role in the biosynthesis 
of collagen and in the downregulation of hypoxia-inducible 
factor (HIF)-1, a transcription factor that regulates many 
genes responsible for tumor growth, energy metabolism, and 
neutrophil function and apoptosis. Vitamin C-dependent 
inhibition of the HIF pathway may provide alternative or 
additional approaches for controlling tumor progression, 
infections, and inflammation.[9,72] Vitamin C also contributes 
to the activity of endothelial NOS a key enzyme in the 

Figure 14: Cellular and molecular antioxidant mechanisms of zinc.
[69]

production of the vasodilator, NO which is an important 
homeostatic regulator of numerous essential cardiovascular 
functions.

Vitamin E is the term for a group of tocopherols and 
tocotrienols, of which α-tocopherol is the form of Vitamin 
E with the highest biological activity.[73] It is predominantly 
found in the membranes of cells and organelles where it 
serves as the first line of defense against lipid peroxidation 
and oxidative damage. As a vital lipid soluble antioxidant, 
Vitamin E (-tocopherol) scavenges hydroperoxyl radicals 
in the lipid environment. Vitamin E is a potent antioxidant 
that prevents the formation of ROS molecules during fatty 
acid oxidation and free radical reactions. It also can shield 
proteins from alkylation by electrophilic lipid peroxidation 
products. In addition to oxidizing other lipids, tocopheroxyl 
radicals can also undergo further oxidation to produce 
tocopheryl quinones, interact with one another to form 
non-reactive tocopherol dimers or be reduced by other 
antioxidants to tocopherol.[74] It has been discovered that 
although gamma-tocopherol captures and neutralizes the 
existing free radicals, alpha-tocopherol mainly inhibits the 
creation of new free radicals; as a result, Vitamin E may aid in 
preventing or delaying the development of chronic diseases 
linked to ROS molecules.[75]

Other micronutrients as molecular antidote to 
environmental toxicants

Iron (Fe) has been shown to protect against the toxic effects 
of lead by competing inhibition for uptake in the intestine. 
It also acts by competing with the binding of toxic metals to 
active sites of enzymes.[76,77]

Copper (Cu), like Fe, is generally thought of as a pro-oxidant 
that causes free radical damage and lipid peroxidation. 
However, Cu is an essential nutrient and an integral part of 
the antioxidant enzymes Cu, Zn-SOD and ceruloplasmin. 
It has been proposed that nutritional Cu deficiency impairs 
antioxidant status by decreasing the activity of these 
enzymes. Cu deficiency also alters other cell components 
such as Fe, catalase, Se, and GSH that influence antioxidant 
status. Cu, Zn-SOD is located in the cytosol and dismutates 
the superoxide radical to H2O2, which is eventually converted 
to water.[78]

Manganese (Mn) belongs to the class of transition elements 
of which +2 oxidative state is the most stable. It is an 
essential element that is a cofactor for a variety of enzymes, 
among which are oxidoreductases, demitasses, transferases, 
hydrolases, layers, isomerases, and ligases through which it 
exerts its molecular and cellular effects. Mn also modulates 
the binding activities of lectins, especially those involving 
carbohydrates, transmembrane receptors, the integrins, and 
in the regulation of the metabolism of glucose and lipids in 
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also chelate essential metals inducing their loss from the 
body; some of the therapies may be hepatotoxic and they 
are expensive and not readily available.[66,81] is knowledge 
about the shortfalls of chelation therapy has increased the 
scientific search for better antidotes for environmental 
toxicity-related health disorders which are easily available, 
affordable, and with little or no side effects.

Micronutrients have been proposed as a worthy alternative 
to the toxic metal chelators. ese micronutrients target 
various steps in the pathophysiology of the toxicity of these 
pollutants including interaction during uptake, binding or 
excretion, alteration of metabolism and transport, while 
others are antioxidants or anti-inflammatory. Vitamin C, 
Vitamin E, carotenoids, thiols, natural flavonoids, etc., are 
the most potent non-enzymatic antioxidants, while GPx, 
catalase, and SOD are examples of enzymatic antioxidants. 
Nutritional variables, such as some trace nutrients, may 
influence the endogenous activity of antioxidant enzymes. 
Trace elements including Cu, Mn, Zn, Se, and Fe have proven 
to be significant cofactors for the control of the activity of 
antioxidant enzymes. [Figure  15] shows the summary of 
role of both endogenous and exogenous antioxidants in 
protecting against environmental pollution and oxidative 
stress.[82]

It was reported in a recent study that dietary supplements, a 
healthy diet, and lifestyle improvement can go a long way in 
militating against the effects of oxidative stress, inflammation, 
and abnormal mitochondrial dynamics among others, which 
may be induced by chronic exposure to environmental 
contaminants. is study even proposed that the above 
approach could be an alternative management in patients 
with neurodegenerative diseases, which has been suspected 

humans. In addition, Mn is one of the required components 
for MnSOD, which is mainly responsible for scavenging ROS 
in mitochondrial oxidative stress.[79] Mn has been reported 
to be an inhibitor of lipid peroxidation (a-lo), particularly in 
microsomes challenged by NADPH/Fe(II)/ADP or cumene 
hydroperoxide.[80]

MICRONUTRIENTS AS ANTIDOTES TO 
ENVIRONMENTAL TOXICITY

e global burden of environmental pollution continues to 
be a major public health concern with developing countries 
like Nigeria particularly being vulnerable and bearing the 
brunt of the negative effects.

Free radicals have been extensively researched in experimental 
and clinical medicine over the past few years. e actions of 
both the enzymatic and non-enzymatic antioxidant systems 
counteract the effects of ROS and RNS. ere are several 
proposed techniques to protect, correct, and remedy the 
deleterious effects of environmental pollutants, ranging from 
physical methods of soil reclamation to chemical methods of 
degradation of accumulated pollutants to biological methods 
based on the activity of micronutrients.

Conventionally, exposure to environmental pollutants, 
especially toxic metals, can be treated by chelation therapy 
where the chelating agent binds metal ions forming complex 
ring–like structures enhancing their elimination from the 
body. Chelation therapy has some shortcomings which 
include failure to remove these toxic metals from the 
intracellular sites rather they promote the redistribution 
to other body tissues. Chelation therapy does not provide 
protection in terms of clinical or biochemical recovery; it 

Figure 15: Antioxidants and vitamins; roles in cellular function and metabolism.[82]
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and may also result from chronic exposure to environmental 
toxicants.[83]

Another study on Wistar rats exposed to common household 
insecticide demonstrated an inverse relationship between 
As and Zn concentrations. It was then suggested that 
Zn supplementation can also protect against damaging 
molecular and cellular effects of As, especially among users 
of insecticides which is known to have high concentrations 
of As.[84]

CONCLUSION AND RECOMMENDATION

Chronic exposure to environmental toxicants elicits insidious 
effects including reproductive, cardiovascular, metabolic, and 
neurologic diseases. Developing nations including Nigeria 
are recognized to be more seriously at risk of these deleterious 
effects due to inadequate policies and data to mitigate the 
negative effects. Micronutrients which are obtained from 
natural food sources and food supplements have the potential 
to serve as antidotes and counteract the deleterious effects 
of these pollutants. ey regulate key molecular activities 
such as, signaling, DNA repair, inhibition of reactive oxygen 
species damaging activities, and are needed for cell cycle 
regulation and functional p53 expression and retinoid gene 
activation. ey are also a readily available and affordable 
means with little or no side effects. Hence, micronutrients 
through their molecular and cellular activities serve as 
pragmatic antidotes to protect the population.

Ethical approval

Not applicable.

Declaration of patient consent

Patient’s consent not required as there are no patients in this 
study.

Financial support and sponsorship

Nil.

Conflicts of interest

Dr. Okezie I. Aruoma is on the editorial board of the Journal.

Use of artificial intelligence (AI)-assisted technology for 
manuscript preparation

e authors confirm that there was no use of artificial 
intelligence (AI)-assisted technology for assisting in the 
writing or editing of the manuscript and no images were 
manipulated using AI.

REFERENCES

1. Fuller R, Landrigan PJ, Balakrishnan K, Bathan G, Bose-
O’Reilly S, Brauer M, et al. Pollution and health: A  progress 
update. Lancet Planet Health 2022;6:e535-47.

2. Pona HT, Xiaoli D, Ayantobo OO, Narh Daniel Tetteh. 
Environmental health situation in Nigeria: Current status and 
future needs. Heliyon 2021;7:e06330.

3. Nweke OC, Sanders WH 3rd. Modern environmental health 
hazards: A  public health issue of increasing significance in 
Africa. Environ Health Perspect 2009;117:863-70.

4. Briggs D. Environmental pollution and the global burden of 
disease. Br Med Bull 2003;68:1-24.

5. How air pollution is silently choking life out of Nigerians 
in major cities-Business Day NG. Available from: https://
businessday.ng/features/article/how-air-pollution-is-silently-
choking-life-out-of-nigerians-in-major-cities [Last accessed 
on 2023 Jan 29].

6. Raising issues with Nigeria’s air quality and standards. e 
Guardian Nigeria News  -  Nigeria and World News  -  Sunday 
Magazine. Available from: https://guardian.ng/saturday-
magazine/cover/raising-issues-with-nigerias-air-quality-and-
standards [Last accessed on 2023 Jan 29].

7. Odika PO, Anike OL, Onwuemesi AG, Odika NF, EjeckamRB. 
Assessment of environmental geochemistry of lead-zinc 
mining at Ishiagu area, lower Benue trough, Southeastern 
Nigeria. Earth Sci Res 2020;9:1-31.

8. Ohwo O, Abotutu A. Environmental impact of urbanization in 
Nigeria. Br J Appl Sci Technol 2015;9:212-21.

9. Shenkin A. Micronutrients in health and disease. Postgrad 
Med J 2006;82:559-67.

10. urnham DI. An overview of interactions between 
micronutrients and of micronutrients with drugs, genes and 
immune mechanisms. Nutr Res Rev 2004;17:211-40.

11. Rajak C, Singh N, Parashar P. Metal toxicity and natural 
antidotes: Prevention is better than cure. Environ Sci Pollut 
Res Int 2020;27:43582-98.

12. What are micronutrients? Definition, types, foods & importance; 
2015. Available from: https://study.com/academy/lesson/what-
are-micronutrients-definition-types-foods-importance.html 
[Last accessed on 2023 Jan 29].

13. World air quality report region and city PM2.5 Ranking by 
IQAir and greenpeace; 2018. Available from: https://www.iqair.
com/world-most-polluted-cities/world-air-quality-report-
2018-en.pdf.

14. Caravanos J. Environmental Contamination in Nigeria. J 
Health Pollut 2017;7:1.

15. Pona HT, Xiaoli D, Ayantobo OO, Tetteh ND. Environmental 
health situation in Nigeria: current status and future needs. Heliyon. 
2021; 7(3): e06330 https://doi.org/10.1016/j.heliyon.2021.e06330

16. Victor F, Feyisayo A, Nnamdi C. Air pollution; causes, effects 
and remediation in Nigeria. Int J Adv Acad Res 2021;7:13-30.

17. Akporido SO, Onianwa PC. Heavy metals and total petroleum 
hydrocarbon concentrations in surface water of Esi River, 
western Niger Delta. Res J Environ Sci 2015;9:88-100.

18. Orisakwe OE. Crude oil and public health issues in Niger 
Delta, Nigeria: Much ado about the inevitable. Environ Res 
2021;194:110725.



Sonuga, et al.: Protective role of micronutrients in toxicity

American Journal of Biopharmacy and Pharmaceutical Sciences • 2023 • 3(6) | 13

19. Tirima S, Bartrem C, von Lindern I, von Braun M, Lind  D, 
Anka SM, et al. Environmental remediation to address childhood 
lead poisoning epidemic due to artisanal gold mining in Zamfara, 
Nigeria. Environ Health Perspect 2016;124:1471-8.

20. Nigeria; Death stalking lead-poisoned children, © 2011 Marcus 
Bleasdale/VII for human rights watch. Available from: https://
www.hrw.org/news/2012/12/06/nigeria-death-stalking-lead-
poisoned-children [Last accessed on 2023 Jan 29].

21. Fakayode SO, Olu-Owolabi BI. Heavy metal contamination of 
roadside topsoil in Osogbo, Nigeria: Its relationship to traffic 
density and proximity to highways. Environ Geol 2003;44:150-7.

22. Abdullahi N, Igwe EC, Dandago MA. Heavy metals 
contamination sources in Kano, Nigeria and their 
concentrations along Jakara River and its agricultural produce: 
A review. Moroccan J Agric Sci 2021;2:52-60.

23. Umeoguaju FU, Akaninwor JO, Essien EB, Amadi BA. Heavy 
metal profile of surface and ground water samples from the 
Niger Delta region of Nigeria: A systematic review and meta-
analysis. Environ Monit Assess 2021;194:46.

24. Salami MA, Adeoye PO, Adegboye V. Bronchogenic 
carcinoma: Clinicopathologic pattern in Nigerians. J  Clin 
Oncol 2010;28 15 Suppl: e12065.

25. Awofeso N. Generator diesel exhaust: A major hazard to health 
and the environment in Nigeria. Am J Respir Crit Care Med 
2011;183:1437.

26. Chasant M. Air pollution in Nigeria: Causes, effects and 
solutions; 2018. Available from: https://www.atcmask.com/
blogs/blog [Last accessed on 2023 Jan 29].

27. Asubiojo OI. Pollution sources in the Nigerian environment 
and their health implications. Ife J Sci 2016;18:973-80.

28. Anyanwu BO, Ezejiofor AN, Igweze ZN, Orisakwe OE. Heavy 
metal mixture exposure and effects in developing nations: An 
update. Toxics 2018;6:65.

29. Ogunbileje JO, Sadagoparamanujam VM, Anetor JI, 
Farombi EO, Akinosun OM, Okorodudu AO. Lead, mercury, 
cadmium, chromium, nickel, copper, zinc, calcium, iron, 
manganese and chromium (VI) levels in Nigeria and United 
States of America cement dust. Chemosphere 2013;90:2743-9.

30. Etim MA, Babaremu K, Justin L, Omole D. Health risk and 
environmental assessment of cement production in Nigeria. 
Atmosphere 2021;12:1111.

31. Adeyanju E, Okeke CA. Exposure effect to cement dust 
pollution: A mini review. SN Appl Sci 2019;1:1572.

32. Kaufman JA, Brown MJ, Umar-Tsafe NT, Adbullahi MB, 
Getso KI, Kaita IM, et al. Prevalence and risk factors of elevated 
blood lead in children in gold ore processing communities, 
Zamfara, Nigeria, 2012. J Health Pollut 2016;6:2-8.

33. Pfitzner MA, acher TD, Pettifor JM, Zoakah AI, Lawson JO, 
Fischer PR. Prevalence of elevated blood lead levels in Nigerian 
children. Ambul Child Health 2000;6:115-23.

34. León OL, Salas Pacheco JM. Effects of lead on reproductive 
health. In: Lead chemistry. London: Intechopen; 2020.

35. Charkiewicz AE, Backstrand JR. Lead toxicity and pollution in 
Poland. Int J Environ Res Public Health 2020;17:4385.

36. Ojo J. Pesticides use and Health in Nigeria. Ife J Sci 2016;18:981-91.
37. Erhunmwunse NO, Dirisu A, Olomukoro JO. Implications of 

pesticide usage in Nigeria. Trop Freshw Biol 2012;21:15-25.
38. Alengebawy A, Abdelkhalek ST, Qureshi SR, Wang MQ. 

Heavy metals and pesticides toxicity in agricultural soil and 
plants: Ecological risks and human Health Implications. Toxics 
2021;9:42.

39. Shirpoor A, Minassian S, Salami S, Khadem-Ansari MH, 
Yeghiazaryan M. Alpha-lipoic acid decreases DNA damage and 
oxidativestress induced by alcohol in the developing hippocampus 
and cerebellum of rat. Cell Physiol Biochem 2008;22:769-76.

40. Peralta-Videa JR, Lopez ML, Narayan M, Saupe G, Gardea-
Torresdey J. e biochemistry of environmental heavy metal 
uptake by plants: Implications for the food chain. Int J Biochem 
Cell Biol 2009;41:1665-77.

41. Nadal A, Díaz M, Valverde MA. e estrogen trinity: 
Membrane, cytosolic, and nuclear effects. News Physiol Sci 
2001;16:251-5.

42. Golub M, Doherty J. Triphenyltin as a potential human 
endocrine disruptor. J  Toxicol Environ Health B Crit Rev 
2004;7:281-95.

43. Grün F, Blumberg B. Perturbed nuclear receptor signaling by 
environmental obesogens as emerging factors in the obesity 
crisis. Rev Endocr Metab Disord 2007;161:161-71.

44. Tirado OM, Selva DM, Toràn N, Suárez‐Quian CA, Jansen M, 
McDonnell DP, et al. Increased expression of estrogen receptor 
β in pachytene spermatocytes after short‐term methoxyacetic 
acid administration. J Androl 2004;25:84-94.

45. Plant J, Smith D, Smith B, Williams L. Environmental 
geochemistry at the global scale. J Geol Soc 2000;157:837-49.

46. Scinicariello F, Murray HE, Moffett DB, Abadin HG, Sexton MJ, 
Fowler BA. Lead and delta-aminolevulinic acid dehydratase 
polymorphism: Where does it lead? A meta-analysis. Environ 
Health Perspect 2007;115:35-41.

47. Brochin RL, Leone S, Phillips D, Shepard N, Zisa D, Angerio 
AD. e cellular effect of lead poisoning and its clinical picture. 
GUJHS 2008;5:1-8.

48. Hu Y, Li J, Lou B, Wu R, Wang G, Lu C, et al. e role of reactive 
oxygen species in arsenic toxicity. Biomolecules 2020;10:240.

49. Ghosh J, Sil PC. Mechanism for arsenic-induced toxic effects. 
In: Flora SJ, editor. Handbook of arsenic toxicology. United 
States: Academic Press; 2015. p. 203-31.

50. Singh AP, Goel RK, Kaur T. Mechanisms pertaining to arsenic 
toxicity. Toxicol Int 2011;18:87-93.

51. Prasad KN, Cole WC, Kumar B, Prasad KC. Scientific rationale 
for using high-dose multiple micronutrients as an adjunct to 
standard and experimental cancer therapies. J Am Coll Nutr 
2001;20(5 Suppl):450S-75.

52. Carocci A, Rovito N, Sinicropi MS, Genchi G. Mercury toxicity 
and neurodegenerative effects. Rev Environ Contam Toxicol 
2014;229:1-18.

53. Antunes Dos Santos A, Appel Hort M, Culbreth M, López-
Granero C, Farina M, Rocha JB, et al. Methylmercury and 
brain development: A review of recent literature. J Trace Elem 
Med Biol 2016;38:99-107.

54. Giuseppe G, Sinicropi MS, Lauria G, Carocci A, Catalano A. 
e effects of cadmium toxicity. Int J Environ Res Public 
Health 2020;17:3782.

55. Rafati Rahimzadeh M, Rafati Rahimzadeh M, Kazemi S, 
Moghadamnia AA. Cadmium toxicity and treatment: An 
update. Caspian J Intern Med 2017;8:135-45.

56. Anetor JI, Ajose F, Anetor GO, Iyanda AA, Babalola OO, 



Sonuga, et al.: Protective role of micronutrients in toxicity

American Journal of Biopharmacy and Pharmaceutical Sciences • 2023 • 3(6) | 14

Adeniyi FA. High cadmium/zinc ratio in cigarette smokers: 
Potential implications as a biomarker of risk of prostate cancer. 
Niger J Physiol Sci 2008;23:41-9.

57. Alexidis AN, Rekka EA, Kourounakis PN. Influence of 
mercury and cadmium intoxication on hepatic microsomal 
CYP2E and CYP3A subfamilies. Res Commun Mol Pathol 
Pharmacol 1994;85:67-72.

58. Hänsch R, Mendel RR. Physiological functions of mineral 
micronutrients (Cu, Zn, Mn, Fe, Ni, Mo, B, Cl). Curr Opin 
Plant Biol 2009;12:259-66.

59. Wrobel JK, Power R, Toborek M. Biological activity of 
selenium: Revisited. IUBMB Life 2016;68:97-105.

60. Rayman MP. e importance of selenium to human health. 
Lancet 2000;356:233-41.

61. Letavayová L, Vlcková V, Brozmanová J. Selenium: From 
cancer prevention to DNA damage. Toxicology 2006;227:1-14.

62. Tinggi U. Selenium: Its role as antioxidant in human health. 
Environ Health Prev Med 2008;13:102-8.

63. Wang N, Tan HY, Li S, Xu Y, Guo W, Feng Y. Supplementation 
of micronutrient selenium in metabolic diseases: Its role as an 
antioxidant. Oxid Med Cell Longev 2017;2017:7478523.

64. Schnabel R, Lubos E, Messow CM, Sinning CR, Zeller T, 
Wild PS, et al. Selenium supplementation improves antioxidant 
capacity in vitro and in vivo in patients with coronary artery 
disease e SElenium erapy in Coronary Artery disease 
Patients (SETCAP) Study. Am Heart J 2008;156:1201.e1-11.

65. Trueba GP, Sánchez GM, Giuliani A. Oxygen free radical 
and antioxidant defense mechanism in cancer. Front Biosci 
2004;9:2029-44.

66. Kalia K, Flora SJ. Strategies for safe and effective therapeutic 
measures for chronic arsenic and lead poisoning. J  Occup 
Health 2005;47:1-21.

67. Prasad AS, Bao B. Molecular mechanisms of zinc as a pro-
antioxidant mediator: Clinical therapeutic implications. 
Antioxidants (Basel) 2019;8:164.

68. Jarosz M, Olbert M, Wyszogrodzka G, Młyniec K, Librowski  T. 
Antioxidant and anti-inflammatory effects of zinc. Zinc-dependent 
NF-κB signaling. Inflammopharmacology 2017;25:11-24.

69. Prasad AS, Beck FW, Bao B, Snell D, Fitzgerald JT. Duration 
and severity of symptoms and levels of plasma interleukin-1 
receptor antagonist, soluble tumor necrosis factor receptor, 
and adhesion molecules in patients with common cold treated 
with zinc acetate. J Infect Dis 2008;197:795-802.

70. Zwolak I. Protective effects of dietary antioxidants against 
vanadium-induced toxicity: A review. Oxid Med Cell Longev 
2020;2020:1490316.

71. Jacob RA, Sotoudeh G. Vitamin C function and status in 
chronic disease. Nutr Clin Care 2002;5:66-74.

72. Traber MG, Stevens JF. Vitamins C and E: Beneficial effects 

from a mechanistic perspective. Free Radic Biol Med 
2011;51:1000-13.

73. Prasad KN, Kumar A, Kochupillai V, Cole WC. High doses 
of multiple antioxidant vitamins: Essential ingredients in 
improving the efficacy of standard cancer therapy. J Am Coll 
Nutr 1999;18:13-25.

74. Aprioku JS. Pharmacology of free radicals and the impact 
of reactive oxygen species on the testis. J  Reprod Infertil 
2013;14:158-72.

75. Rizvi S, Raza ST, Ahmed F, Ahmad A, Abbas S, Mahdi F. e 
role of vitamin E in human health and some diseases. Sultan 
Qaboos Univ Med J 2014;14:e157-65.

76. Dibaba DT, Xun P, He K. Dietary magnesium intake is inversely 
associated with serum C-reactive protein levels: Meta-analysis 
and systematic review. Eur J Clin Nutr 2014;68:510-6.

77. Chacko SA, Song Y, Nathan L, Tinker L, De Boer IH, 
Tylavsky  F, et al. Relations of dietary magnesium intake to 
biomarkers of inflammation and endothelial dysfunctions 
in an ethnically diverse cohort of postmenopausal women. 
Diabetes Care 2010;33:304-10.

78. Johnson MA, Fischer JG, Kays SE. Is copper an antioxidant 
nutrient? Crit Rev Food Sci Nutr 1992;32:1-31.

79. Li L, Yang X. e essential element manganese, oxidative stress, 
and metabolic diseases: Links and interactions. Oxid Med Cell 
Longev 2018;2018:7580707.

80. Coassin M, Ursini F, Bindoli A. Antioxidant effect of 
manganese. Arch Biochem Biophys 1992;2:330-3.

81. Amadi CN, Offor SJ, Frazzoli C, Orisakwe OE. Natural 
antidotes and management of metal toxicity. Environ Sci Pollut 
Res 2019;26:18032-52.

82. Singh P, Kesharwani RK, Keservani RK. Antioxidants and 
vitamins: Roles in cellular function and metabolism. In: Bagchi D, 
editor. Sustained energy for enhanced human functions and 
activity. United States: Academic Press; 2017. p. 385-407.

83. Agnihotri A, Aruoma OI. Alzheimer’s disease and Parkinson’s 
disease: A nutritional toxicology perspective of the impact of 
oxidative stress, mitochondrial dysfunction, nutrigenomics 
and environmental chemicals. J Am Coll Nutr 2020;39:16-27.

84. Ige JO, Gbadegesin MA, Olugbami JO, Adegoke AM, 
Odunola  OA, Anetor GO, et al. A  common insecticide 
induced-oxidative stress in wistar rats: Significance for humans 
and implications for nutritional modulation of insecticide 
toxicity. J Am Coll Nutr 2021;40:608-16.

How to cite this article: Sonuga OO, Anetor GO, Sonuga AA, Nwobi NL, 
Aruoma OI, Anetor JI. Molecular and cellular basis of micronutrients as 
antidotes to environmental toxicity related disorders  -  Nigeria in focus. 
Am J Biopharm Pharm Sci 2023;3:6. doi: 10.25259/AJBPS_7_2023


