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Abstract

Introduction: Lead is a chemical element that exists in nature. It is recognized as one of the most toxic and harmful heavy metals,

even in low quantities.

Objective: This review focuses on the effect of oxidative stress in the developement of cancer by lead.

Methods: The data were collected by searching Science Direct, Google Scholar, PubMed, Scopus, Springer and National Center for

Biotechnology Information (NCBI). The Keywords used as search terms were “Lead”, “Acute and Chronic toxicity”, “lead and Oxidative

stress” and “free radical induced cancer”.

Results: Lead is a genotoxic agent causes genotoxicity by oxidative stress in exposed cells, tissues and organs. Lead is also reported to

cause impairment in DNA synthesis process and cause chromosomal aberrations and destabilization of DNA. Many of lead genotoxic

effects in mammal cells are mediated by ROS and/or the lipids soluble by products of oxidative stress. In a cellular system, it has been

demonstrated that singlet oxygen is the major species participating in the induction of DNA strand breakage which promotes genetic

damage and cancer disease.

Conclusion: Lead toxicity can be determined by the oxidative stress status of the cells which can be the main cause of the development

of cancer related to the complications of acute and chronic toxicity by lead.

Keywords: Lead; Oxidative Stress; Cancer; Toxicity

Introduction

Lead is a chemical element that exists in nature [1], It is
included in heavy metals designates for chemists high atomic
number metals [2], it has the atomic number is 82 [3] (Bozdag.,
et al. 2019), It is recognized as one of the most toxic and harmful
heavy metals, even in low quantities [4] and is an environmental
pollutant [5]. Itis a widely used metal since the ancient period, and
itis used in many industrial applications [6]. Lead is a multi-target

toxicant, capable of causing different alterations during exposure,

its persistence in the body thus presents a great risk for human
health. Lead is a naturally occurring heavy metal [7] nonessential,
inorganic and is primarily absorbed by the respiratory system
and the digestive tract extremely toxic, widely distributed in the
environment and exposure to this element is still a major public
health problem [8]. It can accumulate in the body and disrupt the
body, especially the system nervous system, blood, gastrointestinal
tract, cardiovascular system and kidneys [9]. This toxicity is
explained by the formation of reactive oxygen species (ROS) which

causes an imbalance between the pro-oxidant and antioxidant
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systems [10]. This imbalance potentially leads to structural
damage and functional at the level of the organism. All of this
translates that the lead toxicity causes oxidative stress [11]. Cells
under oxidative stress exhibit various dysfunctions due to damage
have various dysfunctions due to damage caused by ROS to lipids,
proteins and DNA. the toxicity associated with this metal could be
due to oxidative tissue damage [12]. There may be an independent
source of oxidative damage related to the direct effect of lead on
membrane lipids. Considering that lead toxicity is currently one of
the world'’s serious problem, there is still no specific, reliable and
safe treatment [13]. In light of these data, the aim of this review
was to identify the role of oxidative stress as factors associated

with acute and chronic toxicity of lead.

Methods

The data were collected by searching Science Direct, Google
Scholar, PubMed, Scopus, Springer and National Center for
Biotechnology Information (NCBI). The Keywords used as search
terms were “lead”, “Acute and Chronic toxicity”, “lead induced
inflammatory reaction”, “lead and Oxidative stress” and “free

radical induced cancer”.

Physico-chemical properties of lead

Lead has atomic number Z = 82 [14], and the atomic mass is
207.21g, for its melting point is 327°C and their boiling point is
1720°C [15], it is a dense metal (d = 11.34 at 20°C) and its specific
heat capacity at 20°C is 0.125]/g, and presented by resistivity is
20.65 pQ/cm [16].

Metabolism of lead
Absorption

The lead mainly enters the body through three routes through
the digestive and pulmonary routes and also through the skin.
Digestive route is the main route of contamination (intoxication
plomb Sites). It can be direct by ingestion of food (contaminated
water or food) or by contact of soiled hands with the mouth [17].
The percentage of lead resorbed by the digestive route is 10%
in adults; it is 50% in young children, diets enriched with these
minerals decrease its absorption, and the iron deficit is associated
with a greater absorption for lead and diets low in protein or
high in fat which support increased lead absorption [18]. The
respiratory tract is the second possible route of contamination

lead vapors, oxides or pulverulent salts, very fine dust or fumes
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or lead dust found in the air [19], it is also to blame for the lead
fixed on the particles suspended in the air: only the very fine
particles can penetrate into the pulmonary alveoli, the larger ones
are rejected, or raised by the mucociliary carpet and swallowed
(then borrowing the digestive tract). Lead can also enter the body
following skin lesions on the other hand The transcutaneous
passage of inorganic lead derivatives is very low compared to
organic lead (liposolubility) [20].

Distribution

Blood lead represents only 1 to 2% of the quantity present in
the body, the half-life of lead in the blood can be as short as 20-40
days, for distribution Lead absorbed by the digestive tract passes
into the bloodstream [21] where it is distributed between red
blood cells (90%) and plasma (less than 10%) probably due to its
affinity for thiol groups [22] therefore the compartment with very
rapid exchanges: plasma proteins, and the second compartment
with rapid exchanges: soft tissues (kidneys, brain, spleen, liver,
bone marrow, but also red blood cells, etc.) The last compartment

with intermediate exchanges: muscles, trabecular bone [23].

Elimination

Lead excretion is mainly urinary (> 75%) and it not absorbed by
the gastrointestinal tract is eliminated by faeces faecal (15-20%)
[24]. Lead can also be eliminated through saliva, sweat, hair and
nails. Negligible under normal conditions, exposure to heat can
lead to sweat excretion in humans greater than urinary elimination
[25], elimination life is greatly increased in the event of renal
failure. Lead is found in the urine from the daily ingestion of at least
1 mg of dd lead acetate, essentially in free ionized form when blood

lead levels are within normal limits [26].

Toxic effects of lead on human health

Occur by inhalation or absorption in accidental situations.
These effects generally appear for blood lead levels of between
1000 and 2000 ug/l, but can occur in certain subjects at much
lower levels of between 400 and 600 pg/l, [27] in children for
intoxications leading to blood lead levels that can vary from 900 to
8000 pg/1, Their symptoms are Digestive disorders are among the
earliest symptoms. They result in the appearance of severe colic
associated with abdominal pain and cramps [28]; Anorexia from

vomiting in intermittent phases; Renal failure the appearance of
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tubular lesions characterized by oliguria, albuminuria, glycosuria
and hyperphosphaturia [29]; Lesions to the central nervous
system (headache, agitation, delirium, hallucinations) are clinically
manifested by convulsive encephalopathy and coma which can
lead to death; Severe neurological or psychomotor (psychomotor
delay, epilepsy, blindness and hemiparesis); Effects on hepatic
metabolism [30]. The two routes of exposure to lead by ingestion,
and inhalation for symptoms of poisoning are Neurological effects;
The first signs of central neurological damage are headache,
asthenia, sleep disturbances (insomnia, nightmares), difficulty
concentrating, irritability, decreased libido and depressive
thoughts; encephalopathy and cardiovascular effects; peripheral
neuropathy and abdominal syndrome; renal and hepatic effects;
haematological effects, carcinogenicity, Signs of impregnation;

metabolic and endocrine effects and effect on reproduction [31].

Discussion and Conclusion

Stress oxidative defined as “A disturbance in the pro-oxidant
and anti-oxidant balance in favor of the former, leading to potential
damage” [32]. Under normal physiological condition, oxidants are
removed through antioxidant defense mechanism. If incompletely
cleared by antioxidants, oxidants will cause accumulation of ROS.
In efficiency and insufficiency of antioxidant defense system
are concerned in some pathological conditions induced by ROS
[33]. ROS has been implicated in a wide array of diseases such
as neurodegenerative disorders, autoimmune diseases, complex
life style diseases and cancer. DNA is the memory of the entire
bio-chemical composition of living beings, it is a molecule that
is very susceptible to attack by oxygen radicals [34]. ROS can
create various types of DNA damage; modification of all bases,
deletions, frame shifts, strand breaks, DNA-protein cross-links, and
deoxyribose backbone and chromosomal rearrangements. «OH
and ONOO- in particular can react with all components of DNA
and form several new compounds [35]. One of these will generate
8-hydroxydeoxyguanosine (8-OHdG), which has been implicated
in carcinogenesis and is considered a reliable marker for oxidative
DNA damage [36]. Since Lead is a non-essential element for the life
of eukaryotic cells, the mechanisms responsible for lead toxicity are
multiple and potentially affect all the cells of the body. To this end,
we were interested in the oxidative stress generated by lead at the
level of different organs (hematopoietic system, liver, kidney and

brain) [37], the free ionized state that lead exerts its toxic effects
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in the cell according to several mechanisms: interaction with many
proteins through their thiol groups and inhibition of the initiation of
protein synthesis at the ribosome level; direct or indirect oxidative
effect through the accumulation of heme precursors, disruption
of calcium homeostasis and interference on many cytoplasmic
or membrane cell processes mediated by calcium [38]. Lead is a
genotoxic agent causes genotoxicity by oxidative stress in exposed
cells, tissues and organs. Beside this, lead is also reported to cause
impairment in DNA synthesis process and cause chromosomal
aberrations [39] and destabilization of DNA, abnormal base
pairing, formation of micronuclei, chromosome aberration, and
sister chromatid exchanges [40]. Many of lead genotoxic effects
in mammal cells are mediated by ROS and/or the lipids soluble
byproducts of oxidative stress such as MDA [41]. In a cellular
system, it has been demonstrated that singlet oxygen is the major
species participating in the induction of DNA strand breakage and
8-hydroxydeoxyguanosine adductinduced by lead [42]. In addition,
OH" is considered to be the ultimate reactive oxygen species which
interacts with DNA and promotes genetic damage. The OH radical
attacks DNA on the sugar residue and induces DNA fragmentations,
base loss and strand breaks with a terminal sugar residue fragment
[43]. In conclusion, Lead toxicity can be related by oxidative stress
of cells, which can be the main cause of the development of acute
and chronic toxicity, and the most dangerous of them remains
related to the emergence of cancer, and therefore it is necessary
to take into account these phenomena in any approved treatment

program, which may contribute to the prevention lead exposure.
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