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Abstract

Lead is a toxic metal pollutant persisting in nature as
oxides or salts. It poses as an occupational and
environmental hazard, adversely affecting multiple
systems such as the hematopoietic, hepatic, nervous, and
renal systems in humans and animals. Lead toxicity occurs
via oxidative damage, and chelating agents conventionally
used for treatment exert detrimental effects and are
incapable of alleviating some toxic outcomes of lead. This
finding has engendered the need for potentially safe
alternative therapy, preferably possessing both chelating
and antioxidant activities. Some antioxidants chelate
metallic pollutants such as lead and scavenge reactive
oxygen species released in excess during lead-induced
oxidative damage. Several studies have affirmed the
appreciable function of antioxidants singly or in
combination in ameliorating lead-induced perturbations,
thus offering great promise in augmenting health status
and welfare of man as well as animals.
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Introduction
Lead has been affirmed as a principal lethal metal pollutant

to both humans and other living organisms. Occupational and
environmental exposures to this toxic metal remain a global
health problem [1]. This ubiquitous pollutant has been
detected in biological systems predominantly in environmental
and industrial areas. It persists in nature as oxides or salts and
lingers in environmental soil, water, dust and in manufactured
products, comprising lead [2]. Since ancient times,
anthropogenic use of lead has been on the increase with each
passing century with that of the 21st century surpassing the
sum of preceding eras [3]. Plants are usually exposed to lead
through their water uptake, while man and animals through
their consumption of such plants [4].

Environmental lead accesses the body via inhalation of air-
borne contaminated dust or ingestion of food and water into
the digestive tract. Once absorbed, lead diffuses swiftly via the
bloodstream to diverse systems and organs including the liver,

kidneys, brain and to well calcify tissues including bones and
teeth [5]. Complete regulation and aversion of exposure to
lead is yet to be accomplished. So far, no such level of lead has
been ascribed beneficial to the body likewise, no “safe”
exposure level has been specified [6]. Nevertheless, lead levels
of 10 μg/dL (equivalent to 0.48 μmol/L) in blood or higher has
been confirmed to be toxic and induces cognitive impairments,
hypertension, neurological disorders and other lead-induced
perturbations [7]. Lead intoxication is an insidious risk, capable
of triggering irrevocable health consequences. It interferes
with physiological processes and alters systemic functions;
resulting in grave disorders [8]. Blood lead levels of about 40–
60 μg/dL following occupational exposures result in acute and
more commonly chronic toxicity. If untreated it becomes
severe; characterized by persistent nausea, encephalopathy,
fatigue, frenzy, spasms and coma [9].

Lead-induced oxidative damage has been proposed as one
of the important mechanisms of lead-related pathologies [7].
In addition, chelating agents exert detrimental effects and are
incapable of alleviating some toxic effects of lead [10]. In
recent times, several studies have been focused on sourcing
for alternatives and potentially safe treatments for lead
toxicity. Consequently, to mitigate adverse effects of lead
toxicity, natural compounds with both chelating and
antioxidant activities are considered as good candidates [11].

The aim of this review is to elaborate on the mechanisms of
lead-induced toxicity, harmful consequences of lead in various
body systems, short comings of the current therapeutic
measures, and the prized function of antioxidants in
ameliorating lead-induced toxicity.

Mechanism of Lead Toxicity
Lead toxicity induces oxidative stress through generation of

ROS (superoxide radicals, hydroxyl radicals). The ROS result
from detrimental tissue responses which impair metabolism
and ravage cellular structural components [12]. Lead damages
corpuscular materials, modifies cell genetics, and induces
oxidative damage. It instigates increase yield of free radicals
and decreases availability of endogenous anti-oxidant reserves
(glutathione, glutathione peroxidase, superoxide dismutase,
catalase), involved in scavenging the ROS generated in the
lead-exposed individuals. In addition, it impairs activation of
enzymes and competitively impedes absorption of trace
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mineral. It attaches to sulfhydryl proteins, interrupts the
synthesis of structural proteins, modifies homeostasis of
calcium, heightens lipid peroxidation, decrease saturated fatty
acid, and increases cell membrane fatty acid contents [13].

Figure 1 Possible mechanism for lead-induced oxidative
stress and cell death [14].

Lead Effects on Health
Effects on Nervous System: In comparison to other systems,

the nervous system is extremely sensitive and is most
paramount in lead induced-toxicity. Both the central and
peripheral nervous systems (CNS) are distressed following
exposure to lead. In adults, the effects on the peripheral
nervous system are more pronounced while the effect on the
central nervous system is more prominent in children [15].
Fetuses and neonates are notably vulnerable to the neural
effects of lead as the developing system takes up a higher
proportion of lead. The quota of systemic circulating lead
accessing nervous organs of children is considerably superior
in relation to adults [16]. Encephalopathy sometimes result
following lead exposure with major symptoms including
gloominess, irritability, attention deficit, migraine, muscular
tremor, amnesia and delusions. More intense indications are
seen following prolonged exposures and include hallucination,
incoordination, seizures, paralysis, loss of consciousness and
ataxia [17].

Mustafa and Hussein [18] reported that rats administered
lead acetate to showed several negative neurological
indications; decrease in vitality, muscle-mass weakness,
tremor and abnormal gait. Children may appear distracted,
overactive and irritable, even at low lead level exposure.
Neonates with higher lead levels may exhibit delayed growth,
impaired cognition, loss of short-term memory and hearing. At
higher levels, lead can cause irreversible brain damage and
mortality [19].

Renal Effects: Renal dysfunction ensues predominantly at
high levels of lead exposure (60 μg/dL) but damage at lower
levels have been stated (~10 μg/dL) [20]. Lead-induced renal
functional aberration is of two types: chronic nephropathy and
acute nephropathy. Acute nephropathy is characterized
primarily by impairment in the functional mechanism of

tubular transport, and structurally by the manifestation of
degenerative alterations in the tubular epithelium alongside
the manifestation of nuclear inclusion bodies, comprising lead
protein complexes. It does not trigger protein appearance in
urine, but may instigate aberrant excretion of glucose,
phosphates and amino acids, a condition known as Fanconi's
syndrome. On the other hand, chronic nephropathy is more
severe and may result in irreversible physiological and
anatomical changes. It is characterized by glomerular and
tubulo-interstitial alterations, give rise to renal break-down,
hypertension and hyperuricaemia [21].

The foremost site of lead storage is bones [22] where it is
stored in two compartments; the interchangeable pool at the
bone surface and the non- interchangeable pool hidden in the
cortical aspect of the bone.

Lead can easily gain entrance into plasma from the
interchangeable pool; but can leave the non-interchangeable
pool to the surface especially, when bone is vigorously being
re-absorbed [7]. Lead exposure is known to reduce bone
density in adults, thereby increasing the risk of osteoporosis
[23]. Al Naimi et al [24] reported that dosing of lead acetate at
75 mg/kg body weight for 20 and 40 days caused mild
hyperplasia of hemopoietic tissue with propagation of
megakaryocytes and the incidence of thin trabecular of
hardened cartilage enclosed by a thin bone layer. The blocks of
mineralized cartilage resulting from impaired resorption of
osteoclasts are extensive and further project into the
metaphyseal marrow cavity in contrast to normal bones [24].

Reproductive Health Effects: Lead triggers a number of
detrimental effects on the reproductive systems in both male
and female. Common effects recorded in male include:
reduced libido, abnormal sperm motility, chromosomal
mutilation, sterility, abnormal prostatic function and
fluctuations in serum testosterone [25, 26]. However females
are more prone to infertility, miscarriages, pre-eclampsia,
pregnancy hypertension, premature membrane rupture, and
impulsive delivery [25]. Direct effect of lead on embryonical
stages of the fetus during gestation period has also been
documented [27].

Effects on the Hematopoietic System: Lead precisely affects
the hematopoietic system via inhibition of synthesis of
hemoglobin by restricting essential enzymes, required in the
heme synthesis pathway. It also lowers the life-span of
circulating erythrocytes by augmenting the fragility of cell
membranes. The combined effects of the two activities lead to
anemia [28]. Anemia occurring on account of lead poisoning
can be of two types: hemolytic anemia, which is related with
sudden high level lead exposure; and frank anemia, occurring
when the blood lead level is substantially elevated for a
lingering period of time [29]. Lead considerably affects the
heme synthesis pathway in a dose-dependent fashion by
down-regulating three key enzymes, essential for synthesis of
heme. Delta-aminolevulinic acid dehydratase (ALAD), which is
a cytosolic enzyme that catalyzes the organization of
porphobilinogen from δ-aminolevulinic acid (ALA);
aminolevulinicacid synthetase (ALAS), which is a mitochondrial
enzyme catalyzing formation of aminolevulinic acid (ALA); and
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ultimately, mitochondrial enzyme ferrochelatase which
catalyses the attachment of iron with protoporphyrin to form
heme [30].

Lead impedes the three afore-mentioned vital enzymes of
this pathway with its effect on ALAD more prominent and this
is used clinically to measure the degree of lead toxicity.
Inhibition of ALAD results in the accrual of aminolevulinic acid,
evident in plasma and urine at levels less than 10 μg/dL.
Although inhibition of ALAD is first noticeable at blood lead
levels of 10–20 μg/dL, heme biosynthesis does not reduce
until the function of ALAD is inhibited by 80–90%, which
occurs at a much higher blood lead concentration of about 55
μg/dL [31].

One of the initially observed hematological effects of lead
poisoning is the basophilic stippling’s of erythrocytes which is
potential biomarker for detection of lead toxicity. This
aggregates as products of degradation of ribonucleic acid [7].
Other noticeable hematological changes, associated with lead
induced-t xicity include; anemia characterized by anisocytosis
and RBC lipo-peroxidation leading to increased RBC fragility
[32, 33] thrombocytopenia and leucopenia [4, 34].

Figure 2 Effect of lead on the hematopoietic system.

Cardiovascular Effects: Chronic and acute lead poisoning
has been documented to cause cardiac and vascular damages
with possibly fatal consequences, including hypertension and
circulatory disorders [35]. Low-level lead exposure contributes
to hypertension in exposed animals and humans [36]. Other
key disorders include ischaemic coronary heart ailment,
cerebrovascular disturbances and peripheral vascular disease.
Although indication of causal affiliation of lead exposure and
hypertension has been documented, it applies only in cases of
cardiovascular sequels of lead toxicity [35].

Effects on the liver: Disruption of the normal anatomical
organisation of hepatic lobules, loss of the distinctive cord-like
structure of functional liver cells, hyperchromatic hepatocytes
with occasional vacuolations and congestion of sinusoids occur
in lead poisoning [37]. Abdel Moneim [1] reported that at
histology, lead acetate induced focal hepatic necrosis,
accompanied by dilated blood sinusoids and congested central

veins, infiltration of acute inflammatory cells, mainly in the
central zone, derangement of hepatocyte cords with pyknotic
and karyolitic nuclei, vacuolisation of hepatocytes and fatty
change (steatosis), which include the intracellular
accumulation of fats. Significant increase in free radical
generation, activities of liver transaminase (alanine
aminotransferase and aspartate aminotranferase) and total
bilirubin in experimental lead-induced toxicity in male Wistar
rats was reported by Abdel Moneim [1] and Shatha et al [2].
The elevated plasma ALT and AST activity was complemented
with high liver microsomal membrane fluidity, ROS production,
and variation in the hepatocyte histogram [2].

Figure 3 Effects of Lead Toxicity on Different Body System.

Role of Antioxidants in Mitigating Lead Toxicity
Treatment of lead poisoning is classically by chelation

therapy. There are however documented evidences of
synthetic chelators' side-effects. The commonly used lead
chelators include dimercaptosuccinic acid (DMSA),
CaNa2EDTA, dimercaprol (BAL), unithiol (DMPS) and D-
penicillamine (DPA) (Kim et al., 2015). Ethylene di-amine tetra
acetic acid is reported to have side-effects including renal
toxicity, cardiac problems due to hypocalcaemia; Penicillamine
has side-effects like abdominal pain, skin lesions, alopecia,
stomatitis, glossitis, luecopenia, thrombocytopenia, enuresis;
Succimer's side-effects include nausea, vomiting, diarrhoea,
skin rash, and DMSA has side-effects like nausea, vomiting,
papular rash, pruritis [38].

Lead-induced oxidative damage is one of the important
mechanisms of lead-related pathologies [7]. It has been
reported that chelating agents may produce a toxic potential
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themselves, and also are incapable of alleviating some toxic
effects of lead [10]. Therefore, sourcing for potentially safe
alternatives for deterrence and remedy of lead toxicity is
important. Natural compounds such as Zn, lysine, arginine,
vitamin C and E, antox, alpha lipoic acid, and thiol containing
compounds which possess both chelating and antioxidant
activities are superior entrants employed in managing lead
toxicity.

Zinc: Zinc is one of the most abundant and essential trace
elements found in the body. It performs numerous
physiological and biochemical functions. Basically up to 10% of
the entire mammalian cell proteins require Zn for their
metabolism, structural and functional modification [39-41]. Zn
is needed for the function of over 300 enzymes, and
participates in many metabolic and enzymatic functions [42].
Zinc, a divalent cation with diverse biochemical and
physiological roles, plays major neuro modulatory functions in
the central nervous system.

Zinc has been shown to reduce the poisonous effects of lead
in rat testes via an antioxidant mechanism [43]. One of the few
mechanisms for the protection provided by zinc includes
ability to stabilize lipid membrane and protects lipid
peroxidation by free radicals, thereby protecting the tissues
[44]. Adhikari et al [45] reported that zinc protects against
lead-induced cell death in testes of young rats. A similar effect
was also reported by [46]. Zinc also augments the quality of
semen retrieved from rats exposed to lead toxicity [47]. In
addition, the reproductive potential of male portan rats
exposed to various levels of lead was improved with regard to
zinc administration [48].

L-Arginine: L-arginine contributes too many important and
diverse biochemical reactions associated with normal
physiology of an organism [49]. It is classified as “semi-
essential” or “conditionally essential” amino acid as it is
extracted from the diet as a supplement to synthesis in
mammals and humans. This amino acid is a nitric oxide
precursor and a competent antioxidant agent in reducing the
extent of lipid peroxidation in serum of lead-pre-exposed rats
[50]. L-arginine under lead intoxication modulates antioxidant
enzyme activity by increasing the activity of glutathione
system, especially in animals with low resistance to hypoxia. It
possesses both preventive and therapeutic effects against lead
intoxication [51].

Vitamin C: Vitamin C also known as ascorbic acid is a water-
soluble vitamin required for physiological growth and
development. It is needed for collagen synthesis which is
necessary for the formation of tendons, ligaments, skin, and
blood vessels. Vitamin C aids in wound healing and scar tissue
formation. It restores and sustains bones, teeth and cartilage
acting as a major antioxidant [52]. Vitamin C is a potent
antioxidant which decreases oxygen, nitrogen, and sulfur-
centered radicals [53]. Studies on rats treated with lead
manifested lowered levels of iron, resulting in impairment of
heme formation. Administration of 500 mg/day of vitamin C
for one month in battery-manufacturing workers has been
shown to reduce malondialdehyde concentration and nitrite
levels improving antioxidant status including erythrocyte

osmotic fragility and activities of endogenous antioxidant
enzymes by scavenging the ROS generated due to high blood
lead levels [52].

Studies have proven that with increase in blood lead level,
the erythrocyte count, hematocrit and hemoglobin level of
Rattus norvegicus (albino rats) drastically decreased [33].
However, most of the effects of lead on hematology
weasameliorated by the treatment of vitamin C. Vitamin C
treatment were successful in increasing the hemoglobin and
hematocrit to normal levels [33].

Vitamin E: Studies have also demonstrated that vitamin E
may help to reduce lead-induced hepatotoxicity of lead-
exposed rats, and to ameliorate the oxidative stress status in
the brain of rats [54]. Vitamin E scavenges ROS by readily
donating electrons to ROS in the body during oxidative
reactions, and become oxidized in the process. Consequently,
the scavenging of ROS reduces lipid peroxidation and oxidative
stress that may cause tissue injury [55].

Vitamin E is effective in the treatment of lead-induced
toxicity, while a combination of vitamins E and C produce
synergistic and additive effects [54]. The administration of
vitamins E significantly decreases malondialdehyde and
nitrogen oxide concentrations in the cerebral cortex of rats. It
also significantly increases the brain glutathione levels and the
activities of superoxide dismutase and catalase, when
compared with the lead only group [54], indicating the
capability of the vitamin to decrease the ROS-induced negative
effects, prompted by lead in the body. Intake of vitamin E in
lead-exposed fish prevents the accumulation of lead in tissues,
and enhances the growth factor of fish [56]. Seung et al. [57]
reported that vitamin E provides fortification against oxidative
stress, caused by lead toxicity. Ping et al [58] demonstrated
that lead exposure decreases the defense capacity of an
animal, and that ascorbic acid greatly enhances the
prophylactic potential for removal of lead from tissue. Studies
have proved that vitamin E reverses the anemia triggered by a
decrease in erythrocyte count, Hematocrit and Hemoglobin
level of lead-exposed Rattus norvegicus (albino rats) [33].
Conversely, rats that received vitamin, C and E synergism gave
the lowest blood lead and proved more efficient than vitamin
C or E in all of the studied parameters despite the same total
international unit dose used [33].

Antox: Lead is relentlessly neurotoxic and antox
combination therapy reduces the ensuing damage, due to its
potential to neutralise ROS generated by lead. The body
generates enzymatic antioxidants but does not synthesis the
antioxidants including vitamins E and C and flavonoids which
shield the body sites that the enzymatic antioxidants cannot
access [59]. Preston [60] reported that selenium, beta-
carotene which is a precursor to vitamin A, vitamins E and C
are relevant in the overall cellular antioxidant defence
mechanism. Antox contains three auxiliary vitamins A, C and E,
with selenium which is critical for normal physiologic
processes. The protective effect of the vitamins represents
potent antioxidants and ROS-scavenging activities [61] selenid
complexes. Selenium provides fortification against ROS-
induced cell damage [62].
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Alpha-Lipoic Acid: Alpha-lipoic acid (α-LA) is a biological
molecule which functions in cellular acyl group transfer active
ties. It is a natural antioxidant agent obtained from many food
types. This antioxidant possesses the ability to mop-up ROS, in
both lipophilic and hydrophilic media [63]. In addition, α-LA
stimulates regeneration of endogenous antioxidants, such
vitamins C and E, alongside reduced gluthathione activity [64].
Moreover, α-LA inhibits function and synthesis of inducible
nitricoxide synthase (iNOS) [65] and scavenges free radicals
[66]. It also exhibits a neuroprotective effect inhibiting
apoptosis; and this has been attributed to its potential to
protect neurones against ROS-mediated DNA damage via
inhibition of ROS formation [67].

Studies have shown that α-LA protect animals from lead
acetate (PbA)-induced seizures and mortality. In addition,
pretreatment with α-LA decreased the lipid peroxidation,
caused by lead acetate, as indicated by a decrease in
hippocampal malondialdehyde concentratons. The increase in
hippocampal NO levels, induced by lead acetate was reduced
significantly in α-LA treated groups in a dose-dependent
manner. An effect attributed to its potential to inhibit iNOS. α-
LA was reported to inhibit brian iNOS induced insults [68].
Moreover, both hippocampal GSH level and GSH-PX activity
increased in α-LA-treated animals in relation to lead acetate-
treated animals. This finding reflects the capability of α-LA to
restore the lead acetate depressed antioxidant defense
mechanisms. Both α-LA and dihydrolipoic acid, have ROS-
scavenging property [69]. The di-thiol group in α-LA is utilised
in the synthesis of endogenous antioxidants, such as
glutathione, vitamin E, and vitamin C [63]. In addition, α-LA
may increase GSH concentration by augmenting cysteine
uptake, which is a rate-limiting step in GSH synthesis [66].
Thus, α-LA antagonises depletion of intracellular GSH.
Moreover it can neutraliz ROS, in fatty and aqueous cellular
regions. In contrast to vitamin E, vitamin C functions as an
antioxidant in both its reduced and oxidised form [70].
Furthermore, α-LA readily crosses the blood-brain barrier,
attaining high concentrations and exerting its effects [67]. α-LA
also antagonises decrease in of GSH-dependent antioxidant
enzymes [69]. This discovery was also reported as an increase
in hippocampal GSH-Px activity, depressed by lead-autoxicity
[70]. The decrease in the level of lipid peroxidative products
and elevation in GSH level and GSH-Px activity in brain cells, in
response to α-LA administration is indicative of enhanced ROS-
scavenging and improved detoxification of lipid
hydroperoxides and hydrogen peroxide [70].

Quercetin: Quercetin (3,5,7,3',4'-pentahydroxyflavon) is
potent flavonoids that protects against degradation by free
radicals such as reactive nitrogen and oxygen species, which
are generated during metabolism, or induced by exogenous
damages [71]. Quercetin is abundant in food, including green
leafy vegetables, fruit and beverages [72]. Quercetin at 50
mg/kg bodyweight was found to have protective effect in rats
intoxicated with lead, and this response was reflected on the
blood and testis. Results of the research suggest potential
preventive or therapeutic applications of quercetin for
individuals subjected to lead environmental pollution [73].

Thiol-containing Compounds (Methionine, N-
Acetylcysteine and Homocysteine): The thiol-containing
compounds are known to exert antioxidant features by binding
to lead at their –SH group. They serve as useful component for
the effective treatment of lead poisoning. Methionine is a
precursor for glutathione, which defends the body cells from
oxidative stress by scavenging ROS and also plays a
fundamental function in detoxification [74, 75]. The amino
acid, methionine has been documented to chelate lead and
eliminate it from tissues [76]. N-Acetylcysteine also possesses
antioxidant potential against lead, including oxidative damage
via stimulation of glutathione synthesis; maintaining
intracellular glutathione concentrations and scavenging ROS
[77]. In addition, N-Acetylcysteine has also been reported to
possess lead chelating ability [78]. Homocysteine is a thiol
compound formed by demethylation of methionine, and
appears at moderately high levels and is a known independent
risk factor for atherosclerosis and increased vascular
dysfunction [79]. Conversely, some authors believe that
homocysteine contains a thiol group and displays its
antioxidant effect in cellular systems at micromolar
concentrations [80]. Studies have proven that administration
of sulphur-containing antioxidant molecules exerts protective
functions by scavenging ROS engendered secondarily by lead,
including those produced by xenobiotic-induced lipid
peroxidation, or by the decrease in vitamin levels levels and
antioxidant enzyme activities [81]. Recent study on a group of
work force occupationally exposed to lead revealed that, lead
exposed workers treated with N-acetylcysteine (NAC)
demonstrated a significant decline in their blood lead levels. In
addition, all groups that received NAC had drastically elevated
activity of glutamate dehydrogenase. It was further reported
that treatment with NAC normalised the level of homocysteine
and decreased oxidative stress. It was therefore concluded
that NAC may be recommended as an alternative therapy for
chronic lead toxicity in humans [82].

Herbal Antioxidants: Herbal antioxidants have been
reported to play a role in ameliorating lead-induced toxicity.
Bacopa monnieri (Brahmi) is a versatile, indigenous medicinal
herb with a wide spectrum of pharmacological properties [83].
B. monnieri has been shown to exert antioxidant effects
through the chelating of metal ions, breaking oxidative chain
reaction, improving the activities of antioxidative defence
enzymes and scavenging the free radicals [84]. B. monnieri also
confers protection against reduction in ATPase activity.
Ethanolic extract of B. monnieri contains a mixture of alkaloids,
steroids and saponins [83]. A number of reports suggested
that hepatoprotective and antioxidant properties of B.
monnieri were attributed predominantly due to the
manifestation of its characteristic active constituent
dammarane type triterpenoid saponin called “Bacopside-A”
[85].

In general, phenolic and flavonoid components present in
the extract may provide strong antioxidant property to plant
by acting as ROS scavengers, hydrogen donors, reducing
agents, singlet oxygen quenchers and metal chelators, [86].
Thus, anti-oxidative potential of this herb is beneficial in
reducing lead-mediated oxidative stress, and ameliorating
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significantly lipid peroxidation by enhancing the pro-oxidant/
antioxidant equilibrium of the cells. The amelioration
subsequently helps in maintenance of protein levels as well as
provides protection against alteration in enzyme activities in
the liver cultures of goats. The administration of ethanol
extract, B. monieri to lead exposed cultures act as therapeutic
eliminators of heavy metal, and significantly exert protective
effects against adverse effects of lead intoxication due to their
well-known antioxidant and hepatoprotective properties.
Thus, this herbal treatment approach may play pivotal role in
alleviating the lead toxicity [86]. Moringa oleifera is another
herb reported to have potent antioxidant activity. A study was
conducted to estimate the protective role of aqueous extract
of Moringa oleifera leaves (Lam) on lead-induced damage on
hepatocytes and hepatic reticular fibres in rats. Results of the
study revealed that lead treatment intensified markers of
hepatic damage (ALT, AST and ALP) and decreased catalase
activities. Histological examinations reveal alterations of
hepatic structure including hepatocytic vacuolations,
sinuosoidal congestion and loss of reticular fibres subsequent
to lead therapy. Treatment with Moringa oleifera averted and
is reversed lead-induced hepatic damage. Omotoso et al. [87]
reported that Moringa oleifera leaf extract exhibits a potent
capacity to prevent hepatotoxicity induced by lead, partly due
to its chemical constituents which has hepato-protective
properties [87]. Jawhar et al. [88] evaluated the effects of
Berberis vulgaris on oxidative stress and liver injury in lead-
intoxicated mice. Lead treated group showed considerable
alteration of serum alanine-aminotransferase (ALT), aspartate-
aminotransferase (AST), total cholesterol (TC), total bilirubin
(TB), catalase (CAT), glutathione peroxidase (GPx), superoxide
dismutase (SOD) and diminished glutathione (GSH).
Histological assessment of lead-intoxicated mice liver revealed
alterations in hepatocytes and focal necrosis. Berberis vulgaris
treatment significantly prevented lead accumulation,
increased ALT, AST, TC, and TB, inhibited lipid peroxidation and
protein carbonyls (PCO) formation. Additionally, Berberis
vulgaris extract normalized the antioxidant enzymes (CAT, SOD
and GPx), GSH and architecture of liver tissues [88].

Curcumin, a potent antioxidant and nutritive ingredient,
common for its therapeutic potentials and possesses a variety
of beneficial effects against diverse adverse effects. Ankit et al.
[89], carried out a research to evaluate the mitigative effects
of curcumin (3.87 μM, i.e. 1.43 μg/ml) against varying doses of
lead acetate (10(-6) M, i.e. 0.379 μg/ml and 10(-4) M, i.e. 37.9 
μg/ml, durations: 24 h and 69 h) evoked genotoxicity and
oxidative stress in peripheral blood lymphocyte cultures (PBLC)
of humans. The result of the study revealed that lead acetate
exhibited dose and duration-dependent rise in both
genotoxicity and oxidative stress while curcumin, when added
along with lead acetate, showed significant mitigation of
genotoxic and oxidative stress-related indices. The study
signified that, due to change in antioxidant defense system,
the adverse genotoxic effect of lead becomes evident.
Curcumin therefore, protects chromatin substance against
lead-mediated genotoxicity by stabilizing the activity of
antioxidant defense structure [89].

Similarly, a research was conducted to evaluate beneficial
effects of garlic on learning and memory deficits and brain
tissue damages induced by lead exposure during juvenile rat
growth. Results of the study revealed that treatment with
garlic attenuates the learning and memory impairments due to
lead exposure during juvenile rat growth and this was
attributed to the ability of garlic to protect the brain against
oxidative damage as well the lowering effects of brain lead
content [90].

Figure 4 Effects of Antioxidants on Lead-Induced Oxidative
Stress.

Concluding Remarks
There is sufficient evidence establishing antioxidants as

superior therapy to conventionally-used chelating agents,
which exert detrimental effects and are incompetent in
alleviating some toxic outcomes of lead. The major
shortcoming of chelating agents is the fact that, some of them
induce loss of essential minerals and redistribute lead to the
brain. They are also incapable of removing lead from
intracellular site thus leading to hepatotoxicity, nephrotoxicity,
poor clinical recovery and pro-oxidants effects manifested as
headache, nausea, and increased blood pressure levels. This
presents evidences suggest the need for novel strategies to
ameliorate lead-induced toxicity. Antioxidants possess both
chelating and ROS scavenging capacity enabling elimination of
lead from intracellular sites and blood stream. Contrary to the
use of chelating agents which exert rebound effects,
antioxidants interventions can be initiated even when the
patient is still exposed to the source of lead thus offering a
greater promise for abating lead-induced toxicity while
enhancing welfare status and health of man and animals.
Molecular mechanisms underlying the beneficial activities of
antioxidants alongside their optimum dose and treatment
duration for lead-induced toxicity should be further studied.
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