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INTRODUCTION 

LEAD 
Lead is a soft, blue-gray metal, usually found as lead 

compounds, combined with other elements. Much of its 

presence in the environment stems from. 

 Its historic use in paint and gasoline in the United 

States, 

 Ongoing or historic mining/smelting, 

 Commercial operations, and 

 Lead contaminated consumer products. 

 

IT'S PROPERTIES 
->Lead is a 

 Very soft, 

 Dense, and 

 Ductile (moldable) metal. 

 

 
 

 
->Lead is very stable and resistant to corrosion, although 

acidic water may leach lead out of Pipes, Fittings, and 

Solder (metal joints). 
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ABSTRACT 
 

Lead is the most abundant of the heavy metals in the Earths crust. It has been used since prehistoric times, and has 

become widely distributed and mobilized in the environment. Exposure to and uptake of this non-essential element 

have consequently increased. Both occupational and environmental exposures to lead remain a serious problem in 

many developing and industrializing countries, as well as in some developed countries. In most developed 

countries, however, introduction of lead into the human environment has decreased in recent years, largely due to 

public health campaigns and a decline in its commercial usage, particularly in petrol. Acute lead poisoning has 

become rare in such countries, but chronic exposure to low levels of the metal is still a public health issue, 

especially among some minorities and socioeconomically disadvantaged groups. In developing countries, 

awareness of the public health impact of exposure to lead is growing but relatively few of these countries have 

introduced policies and regulations for significantly combating the problem.   

 

KEYWORDS: lead; environmental exposure; biological fate, physiological effects, clinical 

assements,occupational diseases; clinical modalities,education,adverse effects; lead toxicity. 
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Lead Found 

 Lead-based Paint in Homes and Buildings 

Lead-contaminated household dust is considered the 

major high-dose source of lead for children in the United 

States today.
[2] 

Most literature refers to "Lead-based 

paint," or "Lead Paint" which used to contain higher 

amounts of lead.  

 

 
 

In addition to degradation of interior paint, lead may be 

tracked into homes in significant quantities from exterior 

soil contaminated by historical use of lead in. 

 Paint (exterior sources), 

 Gasoline, or 

 Industries (old smelters). 

 

A secondary source of lead exposure for workers' families 

can take place if workers bring home lead-contaminated 

dust on their. 

 Skin, Hair, Clothes, Shoes, orTools. 

B)  Lead in Drinking Water 
Lead occurs in drinking water through leaching from 

lead-containing pipes, faucets, and solder frequently 

found in the plumbing of older buildings. 

 "Lead service lines" (the water service pipes that 

connect the water main in the street or "public water 

main" to the household plumbing system can be 

made of lead) in the water supply systems of older 

neighborhoods can leach lead. 

 If "lead service lines" are replaced, but the household 

plumbing remains as galvanized iron pipes, there can 

still be ongoing lead exposure in drinking water. 

 

 
 

 Corrosion build up on the inside of galvanized pipes 

can create the potential for lead to accumulate over 

time. Acidic water can contribute to the leaching of 

lead from pipes into the drinking water supply. 

 Having a drinking water filtration system (filtered tap 

water/filtration pitchers) certified by an independent 

testing organization such as the National Sanitation 

Foundation (NSF) to remove lead can be a safe 

drinking water option when instructions on how to 

use, maintain, and/or replace filters are followed. 

 

 Boiling water will not eliminate lead. 

C)   Foods and Beverages Contaminated with Lead 

Even when lead is not intentionally used in a product, it 

may contaminate items such as food, water, or alcoholic 

drinks.
[17] 

 

Lead may contaminate food during 

 Production, 

 Processing, 

 Packaging, and 

 Storage. 

 

D)   Commercial Products 

While lead is prohibited from many products in the United 

States, imported or pre-regulation products may still pose 

a risk. Lead is still used in commercial products
[23,24,25,52] 

and may be found in products such as 

 Automotive batteries, Computers, 

 Bridge paint, Curtain weights, 

 Jewelry, Some ceramic glazes, 

 Toys (especially antique or imported), Vinyl lunch 

boxes 

 

E) Environmental and Industrial Sources 

Lead is ubiquitous in the environment because of 

widespread human use. Environmental background levels 

vary depending on historic and ongoing uses in the area. 

 Abandoned industrial lead sites, such as old mines or 

lead smelters, may continue to pose a potential public 

health hazard. 

 Industries such as mining and lead smelting 

contribute to high levels of lead in the environment 

around such facilities. 

 People living near hazardous waste sites, 

incinerators, landfills may be exposed to lead and 

chemicals that contain lead by breathing air, drinking 

water, eating foods, or swallowing dust or dirt that 

contains lead. 

 

F)   Occupational Exposures 
Workers in the lead smelting, refining, and manufacturing 

industries experience the highest and most prolonged 

occupational exposures to lead.
[7] 

Increased risk for 

occupational lead exposure occurs among workers in 

 Battery manufacturing, Automobile brake repair, & 

Other manufacturing industries 

 Companies that work with lead solder, 

 Bridge maintenance and repair, 
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 Construction, especially renovation/rehabilitation, 

 Pottery/ceramics companies and studios, 

 Rubber products and plastics industries, andSteel 

welding/cutting operations. 

 

 
 

Routes of Exposure to Lead 

Today almost everyone is exposed to environmental lead. 

Exposure to lead and lead chemicals can occur through 

inhalation, ingestion, dermal absorption, absorption 

from retained or embedded leaded foreign body, and 

trans-placental (endogenous) routes. 

 Ingestion 
Lead exposure in the general population (including 

children) occurs primarily through ingestion, making it 

the route that most commonly leads to elevated BLLs. 

 Lead paint is the major source of higher lead level 

exposures in children.
[7,1]

 

 As higher lead content paint , Deteriorates, Peels, 

Chips[Is removed (e.g., during renovation)] Or 

crumbles due to friction (e.g., in windowsills, steps, 

and doors), house dust and surrounding soil may 

become contaminated.
[64,1]

 

 

 
 

ii.   Ingestion of contaminated 

 Food, & Water 

iii.  When fine particulate lead is inhaled, it can be 

absorbed directly through the lungs or could also be 

carried by the mucociliary tree to the throat where it can 

be swallowed and absorbed via the GI system. 

 

B)   Inhalation 

Inhalation is the second major pathway of exposure for 

the general. The amount absorbed from the respiratory 

system depends on particle size, respiratory volume, 

amount of deposition, and the mucociliary clearance of 

the inhaled lead. 

 

C)    Dermal 

Dermal exposure plays a role for exposure to organic lead 

among workers. 

 Organic lead may be absorbed directly through the 

skin. 

 Organic lead (tetraethyl lead) is more likely to be 

absorbed through the skin than inorganic lead. 

 

D)   Endogenous Exposure 

 Once absorbed into the body, lead may be stored for 

long periods in mineralizing tissue (e.g., teeth and 

bones). 

 The stored lead may be released again into the 

bloodstream, especially in times of calcium stress 

(e.g., pregnancy, lactation, osteoporosis) or calcium 

deficiency. 

 

Risk of Lead Exposure 

 Both children and adults are susceptible to health 

effects from lead exposure, although the typical 

exposure pathways and effects can be somewhat 

different. 

 Developing fetuses are also at risk for adverse health 

outcomes (less than 1% of the mothers have levels 

greater than or equal to 5 micrograms per deciliter, or 

μg/dL), as levels that present risk to the fetus may not 

present risk to the mother. 

 Smokers and their relatives (if exposed to 

secondhand smoke) are at a high risk for exposure 

due to the lead in tobacco smoke. 

 

 CHILDREN 
Because of their behavior and physiology, children are 

more affected by exposure to lead than adults. 

 Children absorb more ingested lead than do adults. 

 Children generally ingest lead-contaminated soil and 

house dust at higher rates than adults because of 

mouthing and hand-to-mouth behaviors. 

 Being shorter than adults, children are more likely to 

breathe lead-contaminated dust and soil as well as 

lead-containing fumes close to the ground. 
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Pregnant Women, Lactating Women and Developing 

Fetuses  
The mother's BLL is an important indication of risk to the 

fetus and neurological problems in newborns.  Pregnant 

women with elevated BLLs may have an increased chance 

of 

 Preterm labor, 

 Miscarriage, 

 Neurological effects and intrauterine growth 

restriction (IUGR), 

 Spontaneous abortion or stillbirth, and/or 

 Low birth weight. 

 

Biological Fate of Lead in the Body 
The absorption and biological fate of lead once it enters 

the human body depends on a variety of factors. 

 Absorbed lead that is not excreted is exchanged 

primarily among three compartments: 

 Blood, 

 Mineralizing tissues (bones and teeth), and 

 Soft tissue (liver, kidneys, lungs, brain, spleen, 

muscles, and heart). 

 

A) Lead in the Blood 

 Although the blood generally carries only a small 

fraction of total lead body burden, it does serve as the 

initial receptacle of absorbed lead and distributes lead 

throughout the body, making it available to other 

tissues (or for excretion). 

 The half-life of lead in adult human blood has been 

estimated as 28 days
[43, 7] 

to 36 days.
[62, 7]

 

 

 
 

 Approximately 99% of the lead in blood is associated 

with red blood cells; the remaining 1% resides in 

blood plasma.
[7,31,32,36]

 

 The higher the lead concentration in the blood, the 

higher the percentage partitioned to plasma. This 

relationship is curvilinear - as blood lead levels 

(BLLs) increase, the high-end plasma level increases 

more. 

 

B)  Lead in Mineralizing Tissues (Bones and Teeth) 

 Lead in mineralizing tissues is not uniformly 

distributed. It tends to accumulate in bone regions 

undergoing the most active calcification at the time of 

exposure. 

 Known calcification rates of bones in childhood and 

adulthood suggest that lead accumulation will occur 

predominately in trabecular bone during childhood, 

and in both cortical and trabecular bone in 

adulthood.
[7,11]

 

 

PHYSIOLOGICAL EFFECTS 

A) Neurological Effects 
Lead exposure has been linked with various types of brain 

damage. These include. 

 Problems with thinking (cognition); 

 Difficulties with organizing actions, decisions, and 

behaviors (executive functions); 

 Abnormal social behavior (including aggression); 

and 

 

Lead causes activation of protein kinase C (PKC) and 

binds to PKC more avidly than calcium (its physiologic 

activator). This creates problems with neurotransmitter 

release. 

 

 
 

B) Renal Effects 

 At ‹10 μg/dL there is increased blood pressure and 

increased risk of hypertension in adults.
[58] 

However, 

continued or repetitive exposures can cause toxic 

stress on the kidney that, if unrelieved, may develop 

into chronic and often irreversible lead nephropathy 

(e.g., chronic interstitial nephritis). 

 Lead nephrotoxicity is characterized by 

 Proximal tubular nephropathy, 

 Glomerular sclerosis, and 

 Interstitial fibrosis.
[41,53,78]

 

3.   Most documented renal effects for occupational 

workers have been observed in acute high-dose exposures 

and high-to-moderate chronic exposures (BLL ›60 

μg/dL). 
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C) Hematological Effects 

 Lead inhibits the body's ability to make hemoglobin 

by interfering with several enzymatic steps in the 

heme synthesis pathway. 

 Specifically, lead decreases heme biosynthesis by 

inhibiting d-aminolevulinic acid dehydratase 

(ALAD) and ferrochelatase (FECH) activity.A 

decrease in the activity of this enzyme results in an 

increase of the substrate erythrocyte protoporphyrin 

(EP) in the red blood cells (also found in the form of 

ZPP-bound to zinc rather than to iron). 

 

D) Endocrine Effects 
Studies of children with high lead exposure have found 

that a strong inverse correlation exists between BLLs and 

vitamin D levels. 

 Lead impedes vitamin D conversion into its hormonal 

form, 1, 25-dihydroxyvitamin D, which is largely 

responsible for the maintenance of extra-and 

intra-cellular calcium homeostasis. 

 Diminished 1, 25-dihydroxyvitamin D, in turn, may 

impair cell growth, maturation, and tooth and bone 

development. 

 

E) Gastrointestinal Effects 
In severe cases of lead poisoning, children or adults may 

present with severe cramping abdominal pain (colic-like 

pain), which may be mistaken for an acute abdomen or 

appendicitis. Lead colic is a symptom of chronic lead 

poisoning and is associated with obstinate constipation. 

 

F) Cardiovascular Effects 
A few population studies have shown a possible 

connection between lead exposure and other 

cardiovascular disorders including 

 Ischemic coronary heart disease, 

 Cerebrovascular accidents, and 

 Peripheral vascular disease.
[67]

 

 

Hypertension is a complex condition with many different 

causes and risk factors, including family history, age, 

weight, diet, and exercise habits. 

 

G) Reproductive Effects 

I) Male Reproductive Effects 

Recent reproductive function studies in humans suggest 

that current occupational exposures may decrease sperm 

count totals and increase abnormal sperm frequencies.
[58] 

In men, there is sufficient evidence that BLLs ≥ 15 µg/dL 

are associated with adverse effects on sperm or semen. 

 

II) Fertility 
There is sufficient evidence that BLLs ‹10 µg/dL show 

adverse health effects on reproduction in adult women, 

and BLLs ≥ 20 µ/dL are associated with delayed 

conception time.
[58,59] 

 

III) Pregnancy Outcomes 

Prenatal lead exposure has known influences on maternal 

health and infant birth and neurodevelopmental outcomes. 

H) Other Potential Effects 

 Lower Bone Mineral Density (BMD) 

 Dental Health 

 Cancer 

 

Signs and Symptoms 
Typically, a sign is something the health care provider 

"sees" or "finds" during a physical exam. A symptom is 

experienced and reported by the patient. 

Many patients who suffer from lead poisoning may be 

asymptomatic, hence the importance of exposure 

assessment and screening. 

 

 Lowest Exposure Dose Signs and Symptoms: 

(patient may appear asymptomatic) 

 Decreased learning and memory / Lowered IQ 

 Decreased verbal ability & Impaired speech and 

hearing functions 

 Low Exposure Dose Signs and Symptoms 

 Irritability & Occasional abdominal discomfort 

 Lethargy & Mild fatigue 

 Myalgia or paresthesia 

 

 
 

II   Moderate Exposure Dose Signs and Symptoms. 

 Constipation & Diffuse abdominal pain 
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 Difficulty concentrating/Muscular exhaustibility & 

General fatigue 

 Headache , Vomiting & Weight loss 

 

III   High Exposure Dose Signs and Symptoms 

 Colic (intermittent, severe abdominal cramps) 

 Encephalopathy-may abruptly lead to seizure, change 

in consciousness, coma, and death 

 Paresis or paralysis 

 

Mechanism of toxicity 
Lead is probably the most extensively studied heavy 

metal. Studies carried out have reported the presence of 

various cellular, intracellular and molecular mechanisms. 

 

 Oxidative stress 

 Oxidative stress represents an imbalance between the 

production of free radicals and the biological 

system's ability to readily detoxify the reactive 

intermediates or to repair the resulting damage.
[98]

 

 It has been reported as a major mechanism of lead 

induced toxicity. 

 Under the influence of lead, onset of oxidative stress 

occurs on account of two different pathways 

operative simultaneously; 

 first comes the generation of ROS, like 

hydroperoxides (HO2 ), singlet oxygen and hydrogen 

peroxide (H2O2), and 

 second, the antioxidant reserves become depleted
[98]

 

 

 
 

 The most important antioxidant found in cells is 

glutathione (GSH). It is a tripeptide having sulfhydryl 

groups and is found in mammalian tissues in 

millimolar concentrations. 
 It is an important antioxidant for quenching free 

radicals.
[97] 

 Glutathione exists in both reduced (GSH) and 

oxidized form (GSSG). The reduced state of 

glutathione donates reducing equivalents (H+ + e—) 

from its thiol groups present in cysteine residues to 

ROS and makes them stable. After donating the 

electron, it readily combines with another molecule 

of glutathione and forms glutathione disulfide 

(GSSG) in the presence of the enzyme glutathione 

peroxidase (GP X). GSH can be regenerated from 

GSSG by the enzyme glutathione reductase (GR) .[in 

fig] 

 
 

B) Ionic mechanism of lead toxicity 
Ionic mechanism of action for lead mainly arises due to its 

ability to substitute other bivalent cations like Ca2+, 

Mg2+, Fe2+ and monovalent cations like Na+ (though 

bivalent cations are more readily substituted) 

 [96]
The ionic mechanism contributes principally to 

neurological deficits, as lead, after replacing calcium 

ions, becomes competent to cross the blood-brain 

barrier (BBB) at an appreciable rate. 

 After crossing the BBB, lead accumulates in 

astroglial cells (containing lead binding proteins). 

Toxic effects of lead are more pronounced in the 

developing nervous system comprising immature 

astroglial cells that lack lead binding proteins. 

 Lead easily damages the immature astroglial cells 

and obstructs the formation of myelin sheath, both 

factors involved in the development of BBB. 

 

Imaging and Other Clinical Modalities 

There are different clinical modalities available to further 

evaluate patients with elevated BLLs. 

 Complete blood count (CBC) may be useful for 

patients with extensive lead exposure. 

 In lead-exposed patients, the hematocrit and 

hemoglobin values may be slightly to moderately low 

in the CBC, and the peripheral smear may be either 

normochromic and normocytic or hypochromic and 

microcytic. 

b.  There may be basophilic stippling in patients who 

have been significantly poisoned for a prolonged period. 

 

 
 

Basophilic stippling - Venous blood smear with 

basophilic stippling. 

 A hypochromic, microcytic anemia should be 

appropriately differentiated from other causes, 

especially iron-deficiency anemia by the use of 

testing for iron, iron binding capacity, and ferritin. 
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Microcytic hypochromic anemia can be associated with 

lead poisoning (Public domain) 

c.   Long bone radiographs can show "lead lines". These 

are lines of increased density on the metaphysis (growth 

plate) of the bone, showing radiological growth 

retardation. (Long bone radiographs are not 

recommended for diagnosing lead exposure
[20], 

however, 

they are useful to determine growth retardation.) 

 

 
Long Bone Radiograph of Hands - "lead lines"      

 

 
Long Bone Radiograph of Knees - "lead lines" 

 

d. Second tier tests (such as neurobehavioral/ 

psychological evaluation for children with indicative 

findings on exam)should be considered, as appropriate. 

 

PREVENTION  
A)  Primary prevention: Primary prevention is defined 

as limiting the spread of illness to previously unaffected 

patients or populations. Preventing lead poisoning before 

its occurrence is crucial because lead-induced 

neurocognitive deficits are irreversible, and there are 

concerns about lead remobilization and adverse drug 

reactions. Even low concentrations of lead can cause 

permanent damage to developing the brain in children 

because of their immature blood-brain barrier
[27][75] 

Since 

only 1-2% of the total amount of stored lead in the body is 

removed after a typical course of chelating therapy
[49] 

source identification, and primary prevention play a 

pivotal role in the fight against lead poisoning. 

 

B) Secondary prevention 

 Pediatric screening: Secondary prevention focuses 

on identifying asymptomatic people, particularly 

children with high BLC
[69][14]

According to recent 

studies, no threshold for the harmful effects of lead 

could be defined because childrens physical and 

mental development can be affected even at BLCs 

less than 10 μg/dL
[75]

At this concentration, detection 

and repair of lead hazards are not mandatory.
[14]

 

 Occupational screening Workers who handle 

materials with a significant lead content are expected 

to have lead exposure through inhalation or by 

ingestion. It is thus recommended that a baseline 

medical history and physical examination as well as a 

measurement of BLC and serum creatinine be 

performed before commencement of the occupation 

and at a regular interval based on the level of lead 

exposure. 

 Dietary management Some dietary deficiencies 

increase the risk of lead poisoning in children. 

 

For example, 

 iron deficiency is associated with elevated BLC. 

Therefore, CDC recommends assessment of iron 

status and placing ironrich diet on all children with 

lead poisoning.
[69]

 
 Zinc deficiency worsens the toxicity caused by lead 

poisoning. Zinc, vitamin C, protein and phosphorus 

deficiency increase the absorption of ingested 

lead.
[69,75] 

 

PATIENT EDUCATION 
Patients or parents should be advised to 

 Eliminate source(s) of lead exposure, 

 Flush standing water from the lines and faucet for 

several minutes before use, and use cold water for 

drinking (if they have older homes with galvanized 

lead or lead soldered pipes and/or lead service lines), 

 Maintain a low-fat diet high in calcium, zinc, vitamin 

C and iron. 

This information should be provided in appropriate 

cultural formats and reading level for the target 

audience.In addition, the clinician has a role in 

recognizing risks for potential lead exposures specific to 

 Immigrant communities,Refugees, and Children 

adopted from foreign countries, 

 

Treatment  

 The first and most critical step in the treatment of lead 

poisoning is the removal of patients from the site of 

exposure and elimination of possible sources of lead. 



Fatima et al.                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com     │    Vol 8, Issue 10, 2021.    │      ISO 9001:2015 Certified Journal      │ 

 

362 

 Dietary deficiencies should also be corrected as noted 

above especially in childhood plumbism. The 

indication and type of pharmacologic treatment are 

determined by patient's age, clinical symptomatology 

and BLC.
[27,57]

 

 

For BLC ≥ 100μg/dL, chelating therapy is always 

necessary and should be started as parenteral in a hospital 
[49]

On the other hand, in children, chelating therapy is 

indicated when lead concentrations in two venous blood 

samples are more than 45 μg/dL even the child is 

asymptomatic. 

 

Chelating agents   To date, the use of 

 dimercaprol or British AntiLewisite (BAL), 

 calcium disodium ethylenediaminetetraacetic acid 

(CaNa2EDTA), 

 Dpenicillamine and 

 Meso-2,3-dimercaptosuccinic acid (DMSA) named 

succimer is approved for the treatment, but not 

prevention
[44] 

of acute and chronic lead poisoning.
[27]

 

 

a) dimercaprol or British AntiLewisite: BAL is one of 

the oldest agents that were used in the treatment of lead 

poisoning.
[76]

 

 It is administered intramuscularly (IM) 2.5 mg/kg per 

day in two divided doses. The duration of treatment is 

at least three days. 

 BAL facilitates the excretion of zinc from urine.
[27]

 

 Skin contact with BAL produces immediate pain and 

blistering. Eye contact can even result in blindness 
[42]

 

 

b) calcium disodium ethylenediaminetetraacetic acid. 

CaNa2 EDTA does not cross the blood—brain barrier to 

any major extent but mobilizes lead in kidneys, liver,and 

particularly in bones. Therefore, CaNa2 EDTA is able to 

remove lead from the extracellular compartment. 

Calcium ions displace lead cation.
[13]

 

 

c) D-penicillamine : it is a reductive chelator. By 

reducing lead or copper cations, it decreases their binding 

affinity to proteins and finally stimulates their excretion in 

urine. 

 

New and less toxic medications: Although other drugs 

than the above chelating agents have been recommended 

in the treatment of lead poisoning, more evidence is 

needed in favor of their safety and efficacy to advocate 

their use as an alternative or adjunct therapy for the 

standard pharmacological treatment. 

 

The recommended medications are as follows. 

 Thiamine (25-50 mg/kg/day) is a water-soluble 

vitamin that, in combination with CaNa2 EDTA (50 

mg/kg/day) for 3 days, enhances the elimination of 

lead from liver and kidney
[47,55] 

and decreases the 

oxidative damage caused by lead toxicity.
[68]

 

 Similarly, Vitamins C and E reduce lead-induced 

oxidative stress.
[63,68] 

 

The role of vitamins (particularly B, C and E) has 

been found to be extremely significant and 

competitive in fighting toxicological manifestations 

of lead poisoning. These vitamins may chelate lead 

from the tissues along with restoring the 

pro/antioxidant balance. 

 N-acetylcysteine (NAC) is also considered an 

antioxidant chelator. It possesses reactive groups, 

such as thiol, hydroxyl, and amine, which can bind 

with lead and remove it from the body 
[12,16,28]

 

 A recent in vitro study has demonstrated that 

N-acetylcysteine amide (NACA) has a higher cellular 

permeability, better systemic bioavailability, and 

higher binding affinity to lead compared to NAC, 

and, therefore, is considered a preferable 

alternative
[28]

 

 

4.   Taurine is an organic acid and a major constituent of 

bile. Single therapy with taurine does not reduce lead 

burden; however, the concomitant administration of 

taurine (50-100 mg/kg once daily for 5 days) with a 

standard thiolchelator (DMSA 50 mg/kg once daily for 5 

days) has been effective for the treatment of sub-chronic 

lead poisoning.
[39] 

 

5. Flavonoids are naturally occurring polyphenolic 

compounds. They are the main constituents of fruits, 

vegetables and certain beverages
[89] 

These compounds, 

like other anti-oxidants, can cure or prevent oxidative 

stress by chelating redox active metal ions and also by 

terminating the free radical chain reaction.
[87,88] 

 

 
general structure of flavonoids 

 

6. Alpha-lipoic acid (50 mg/kg/day), methionine (100 

mg/kg/day), homocysteine (25 mg/kg/day) are other 

sulfur-containing compounds which are able to reduce 

oxidative stress in lead-exposed tissues when 

administered for 5 weeks.
[16] 

 

7. Quercetin is a ubiquitously distributed and 

comprehensively explored bioflavonoid. Dietary sources 

of quercetin include fruits, vegetables and tea. The 

chemical name for quercetin is 

3,3,4,5,7-pentahydroxyflavone. The presence of multiple 

hydroxyl groups in its chemical structure and conjugated 

electrons account for its antioxidant and metal chelating 

property. 
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general structure of quercetin 

 

8. Garlic (Allium sativum) is an herbal product which is 

considered to have chelating effect in some animal 

studies
[46,56,63] 

Furthermore, a number of neurological 

signs and symptoms such as irritability (P = 0.031), 

headache (P = 0.028) and decreased DTR (P = 0.019) 

were decreased
[45] 

Dried powder garlic (400 mg; 

equivalent to 1200 μg allicin or 2 g fresh garlic) was 

administered 3 times daily for 4 weeks. 

 

9. Curcumin is a yellow-colored polyphenolic compound 

and the principal active component of turmeric, which is 

obtained from the plant Curcuma longa. There are reports 

of antioxidant, radical scavenging and metal chelating 

effects of curcumin in metal toxicity.
[83,84,85,86] 

 

Conclusions and Relevance 

Exposure to environmental lead is clearly a major public 

health hazard of global dimensions. As measures to 

control the transfer of lead to the environment are 

implemented in most developed countries through, for 

example, the phasing out of lead in fuel, paints and other 

consumer products. However, because of rapid 

industrialization and the persistence of lead in the 

environment, exposure is likely to remain a significant 

public health problem in most developing countries for 

many years. Much work needs to be done to identify and 

treat children with elevated blood lead levels and reduce 

lead exposure in the community. Screening, monitoring, 

intervention and evaluation are critical for the 

development of rational, cost-effective and science-based 

public health policies aimed at achieving these goals. 

 

Various molecular, cellular and intracellular mechanisms 

have been proposed to explain the toxicological profile of 

lead that includes generation of oxidative stress, ionic 

mechanism and apoptosis. Of these oxidative stress has 

been found to be more pronounced and much more 

severe. 

 

Public health measures should continue to be directed to 

the reduction and prevention of exposure to lead by 

reducing the use of the metal and its compounds and by 

minimizing lead-containing emissions that result in 

human exposures. 

 

REFERENCES 

1. [AAP] American Academy of Pediatrics. 1993. Lead 

poisoning: from screening to primary prevention. 

Pediatrics, 92(1): 176-183. 

2. [AAP] American Academy of Pediatrics. 2005. Lead 

Exposure in Children: Prevention, Detection, and 

Management. [updated 2005 Oct. 1; accessed 2016 

Sept. 22]. 

3. [AAP] American Academy of Pediatrics. 2016. 

Prevention of Childhood Lead Toxicity. Council on 

Environmental Health. Pediatrics Jul; 138(1). 

4. ACCLPP] Advisory Committee on Childhood Lead 

Poisoning Prevention of the Centers for Disease 

Control and Prevention. Low Level Lead Exposure 

Harms Children: A Renewed Call for Primary 

Prevention. Atlanta GA: Department of Health and 

Human Services. 

5. Adnet F, Borron SW, Finot MA, Lapandry C, Baud 

FJ. Intubation difficulty in poisoned patients: 

association with initial Glasgow Coma Scale score. 

Acad Emerg Med 1998; 5(2): 123—127. 

6. Apostolou A, Garcia-Esquinas E, Fadrowski JJ, 

McLain P, Weaver VM, Navas-Acien A. 2012. 

Secondhand tobacco smoke: a source of lead 

exposure in US children and adolescents. Am J 

Public Health Apr 102(4): 714-22. 

7. [ATSDR] Agency for Toxic Substances and Disease 

Registry. 2010. Toxicological Profile for Lead. 

Atlanta, GA: Department of Health and Human 

Services. [updated 2015 Jan. 21; accessed 2016 Nov. 

14]. 

8. [ATSDR] Agency for Toxic Substances and Disease 

Registry. 2012. Principles of Pediatric Environmental 

Health. How Does Toxic Exposure Cause Children's 

Disease? Atlanta, GA: Department of Health and 

Human Services. [updated 2015 Jun. 17; accessed 

2016 Nov. 14]. 

9. [ATSDR] Agency for Toxic Substances and Disease 

Registry. 2013. Taking a Pediatric Exposure History. 

What is the Role of pediatricians in Addressing 

Illnesses Resulting from Environmental Factors? 

Atlanta, GA: Department of Health and Human 

Services. [updated 2015 Jun. 23; accessed 2016 Nov. 

14]. 

10. [ATSDR] Agency for Toxic Substances and Disease 

Registry. 2015. Taking an Exposure History. Atlanta, 

GA: Department of Health and Human Services. 

[updated 2016 Aug. 9; accessed 2016 Nov. 14]. 

11. Auf der Heide AC, Wittmers LE Jr. 1992. Selected 

aspects of the spatial distribution of lead in bone. 

Neurotoxicol 13: 809-820. 

12. Aykin-Burns N, Franklin EA, Ercal N. Effects of 

Nacetylcysteine on lead-exposed PC-12 cells. Arch 

Environ Contam Toxicol, 2005 Jul; 49(1): 119-23. 

13. Bradberry S, Vale A. A comparison of sodium 

calcium edetate (edetate calcium disodium) and 

succimer (DMSA) in the treatment of inorganic lead 

poisoning. Clin Toxicol (Phila), 2009; 47(9): 841-58. 

14. Binns HJ, Campbell C, Brown MJ. Interpreting and 

managing blood lead levels of less than 10 microg/dL 

in children and reducing childhood exposure to lead: 

recommendations of the Centers for Disease Control 

and Prevention Advisory Committee on Childhood 

Lead Poisoning Prevention. Pediatrics, 2007; 120(5): 

e1285-98. 



Fatima et al.                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com     │    Vol 8, Issue 10, 2021.    │      ISO 9001:2015 Certified Journal      │ 

 

364 

15. Brent J. Critical care toxicology: diagnosis and 

management of the critically poisoned patient. New 

York, NY: Springer Berlin Heidelberg, 2017. 

16. Caylak E, Aytekin M, Halifeoglu I. Antioxidant 

effects of methionine, alpha-lipoic acid, 

N-acetylcysteine and homocysteine on lead-induced 

oxidative stress to erythrocytes in rats. Exp Toxicol 

Pathol, 2008; 60(4-5): 289-94. 

17. [CDC] Centers for Disease Control and Prevention. 

1992. Elevated Blood Lead Levels Associated with 

Illicitly Distilled Alcohol - Alabama, 1990-91, 

United States, 1997-2001. MMWR May 01, 1992 / 

41(17): 294-295. Atlanta GA: US Department of 

Health and Human Services. [accessed 2016 Sept. 

22]. 

18. [CDC] Centers for Disease Control and Prevention. 

1997a. Screening young children for lead poisoning: 

guidance for state and local public health officials. 

Atlanta GA: US Department of Health and Human 

Services. [accessed 2016 Sept. 22]. 

19. [CDC] Centers for Disease Control and Prevention. 

1997b. Update: blood lead levels. MMWR, 46(7): 

141-146. Atlanta GA: US Department of Health and 

Human Services. 

20. [CDC] Centers for Disease Control and Prevention. 

2002. Managing Elevated Blood Lead Levels Among 

Young Children: Recommendations from the 

Advisory Committee on Childhood Lead Poisoning 

Prevention. Atlanta GA: US Department of Health 

and Human Services. [accessed 2016 Sept. 22]. 

21. [CDC] Centers for Disease Control and Prevention. 

2010. Guidelines for the Identification and 

Management of Lead Exposure in Pregnant and 

Lactating Women. Atlanta GA: US Department of 

Health and Human Services. [updated 2010 Nov.; 

accessed 2016 Sept. 22]. Available from: https: 

//www.cdc.gov/nceh/lead/publications/LeadandPreg

nancy2010.pdf . 

22. [CDC] Centers for Disease Control and Prevention. 

2011a. Adult Blood Lead Epidemiology and 

Surveillance--- United States, 2008--2009. MMWR 

July 1, 2011 / 60(25); 841-845. Atlanta GA: US 

Department of Health and Human Services. 

[accessed 2016 Dec. 19]. 

23. [CDC] Centers for Disease Control and Prevention. 

2013b. Lead, Sources of Lead: Artificial turf. Atlanta 

GA: US Department of Health and Human Services. 

[updated 2013 Oct. 15; accessed 2016 Sept. 22]. 

24. [CDC] Centers for Disease Control and Prevention. 

2013d. Lead, Sources of Lead: Jewelry. Atlanta GA: 

US Department of Health and Human Services. 

[updated 2013 Oct. 15; accessed 2016 Sept. 22]. 

25. [CDC] Centers for Disease Control and Prevention. 

2013e. Lead, Sources of Lead: Toys. Atlanta GA: US 

Department of Health and Human Services. [updated 

2013 Oct. 15; accessed 2016 Sept. 22]. 

26. [CDC] Centers for Disease Control and Prevention. 

2016. Elevated Blood Lead Levels Among Employed 

Adults - United States, 1994-2013. MMWR Weekly / 

October 14, 2016 / 63(55); 59-65. Atlanta GA: US 

Department of Health and Human Services. 

[accessed 2016 Dec. 19]. 

27. Chandran L, Cataldo R. Lead poisoning: basics and 

new developments. Pediatr Rev, 2010; 31(10): 

399-405. 

28. Chen W, Ercal N, Huynh T, et al. Characterizing 

Nacetylcysteine (NAC) and N-acetylcysteine amide 

(NACA) binding for lead poisoning treatment. J 

Colloid Interface Sci, 2012; 371(1): 144-9. 

29. Chyka PA, Seger D, Krenzelok EP, Vale JA, 

American Academy of Clinical Toxicology, 

European Association of Poisons Centres and 

Clinical Toxicologists. Position paper: single-dose 

activated charcoal. Clin Toxicol (Phila), 2005; 43(2): 

61—87. DOI: 10.1081/CLT-51867. 

30. Common poisoning syndromes (toxidromes). In: 

UpToDate, Post, TW (Ed), UpToDate, Waltham, 

MA; 2014 (Accessed on 11 November 2019). 

31. DeSilva PE. 1981. Determination of lead in plasma 

and studies on its relationship to lead in erythrocytes. 

Br J Ind Med, 38: 209-217. 

32. [EPA] U.S. Environmental Protection Agency. 

1986b. Determination of reportable quantities for 

hazardous substances. U.S. Environmental Protection 

Agency. Code of Federal Regulations. 40 CFR 117. 

Washington, DC. 

33. [EPA] U.S. Environmental Protection Agency. 

2013b. Lead Compounds. Hazard Summary-Created 

in April 1992; Revised in Sept. 2011. Washington 

DC. [updated 2013 October 18; accessed 2016 Sept. 

23]. 

34. [EPA] U.S. Environmental Protection Agency. 

2016a. Basic Information about Lead in Drinking 

Water. How Lead Gets into Drinking Water. 

Washington DC. [updated 2016 March 17, accessed 

2016 Sept. 20]. 

35. [EPA] U.S. Environmental Protection Agency. 

2016b. Drinking Water Lead and Copper Rule 

Historical Documents. Summary of lead action level 

exceedances for medium (serving 3,300 to 50,000 

people) and large (serving greater than 50,000 

people) public water systems (PWSs). Washington, 

DC. [updated 2016 Nov. 2; accessed 2016 Nov. 14]. 

36. Everson J, Patterson CC. 1980. "Ultra-clean" isotope 

dilution/mass spectrometric analyses for lead in 

human blood plasma indicate that most reported 

values are artificially high. Clin Chem 26: 

1603-1607. 

37. [FDA] U.S. Food and Drug Administration. 2014. 

Lead in Candy Likely To Be Consumed by Small 

Children. Washington DC [updated 2014 July 7; 

accessed 2016 Sept. 23]. . 

38. Fertel BS, Nelson LS, Goldfarb DS. Extracorporeal 

removal techniques for the poisoned patient: a review 

for the intensivist. J Intensive Care Med 2010; 25(3): 

139—148. DOI: 10.1177/0885066609359592. 

39. Flora SJ, Pande M, Bhadauria S, et al. Combined 

administration of taurine and meso 

2,3-dimercaptosuccinic acid in the treatment of 



Fatima et al.                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com     │    Vol 8, Issue 10, 2021.    │      ISO 9001:2015 Certified Journal      │ 

 

365 

chronic lead intoxication in rats. Hum Exp Toxicol 

2004; 23(4): 157-66. 

40. Fuller BM, Mohr NM, Drewry AM, Carpenter CR. 

Lower tidal volume at initiation of mechanical 

ventilation may reduce progression to acute 

respiratory distress syndrome: a systematic review. 

Crit Care 2013; 17(1): R11. DOI: 10.1186/cc11936. 

41. Goyer RA. 1985. Renal changes associated with lead 

exposure. In: Mahaffey KR, rd. Dietary and 

environmental lead: Human health effects. 

Amsterdam The Netherlands: Elsevier Science 

Publishers B.V. 

42. Goldman M, Dacre JC. Lewisite: its chemistry, 

toxicology, and biological effects. Rev Environ 

Contam Toxicol, 1989; 110: 75-115. 

43. Griffin TB, Couiston F, Wills H. 1975. Biological 

and clinical effects of continuous exposure to 

airborne particulate lead. Arh Hig Toksikol 26: 

191-208. (Yugoslavian) 

44. Henretig F. Lead poisoning prevention, not chelation 

(commentary). J Toxicol Clin Toxicol 2001; 39(7): 

659-60. 

45. Kianoush S, Balali-Mood M, Mousavi SR, et al. 

Comparison of therapeutic effects of garlic and 

dPenicillamine in patients with chronic occupational 

lead poisoning. Basic Clin Pharmacol Toxicol, 2012; 

110(5): 476-81. 

46. Kilikdar D, Mukherjee D, Mitra E, et al. Protective 

effect of aqueous garlic extract against lead-induced 

hepatic injury in rats. Indian J Exp Biol, 2011; 49(7): 

498-510. 

47. Kim JS, Hamilton DL, Blakley BR, et al. The effects 

of thiamin on lead metabolism: organ distribution of 

lead 203. Can J Vet Res, 1992; 56(3): 256-9. 

48. Kline JA, Leonova E, Raymond RM. Beneficial 

myocardial metabolic effects of insulin during 

verapamil toxicity in the anesthetized canine. Crit 

Care Med, 1995; 23(7): 1251—1263. DOI: 

10.1097/00003246- 199507000-00016. 

49. Kosnett MJ. Unanswered questions in metal 

chelation. J Toxicol Clin Toxicol, 1992; 30(4): 

529-47. 

50. Landrigan, PJ, Sonawane B, Mattison D, McCally M, 

Garg A. 2002b. Chemical Contaminants in Breast 

Milk and Their Impacts on Children's Health: an 

Overview. Environ Health Perspect, 110(6): A313-5. 

51. Lanphear BP, Vorhess CV, Vellinger DC. 2005. 

Protecting Children from Environmental Toxins. 

Plos Med, 2(3): e61. [accessed 2016 Sept. 20]. 

52. Levin R, Brown MJ, Kashtok M, Jacobs DE, Whelan 

EA, Rodman J, Schock MR, Padilla A, Sinks T. 

2008. Lead exposure in U.S. children, 2008: 

Implications for prevention. Environ Health Perspect, 

116: 1285-1293. 

53. Loghman-Adham, M. 1997. Renal effects of 

environmental lead exposure. Environ Health 

Perspect, 105: 928-939. 

54. Mushak P, Davis JM, Crocetti AF, Grant LD. 1989. 

Prenatal and postnatal effects of low-level lead 

exposure: integrated summary of a report to the US 

Congress on childhood lead poisoning. Environ Res, 

50: 11-36. 

55. Najarnezhad V, Aslani MR, Balali-Mood M. The 

therapeutic potential of thiamine for treatment of 

experimentally induced sub-acute lead poisoning in 

sheep. Comp Clin Patol, 2010; 19(1): 69: 73. 

56. Najar-Nezhad V, Aslani MR, Balali-Mood M. 

Evaluation of allicin for the treatment of 

experimentally induced subacute lead poisoning in 

sheep. Biol Trace Elem Res, 2008; 126(1-3): 141-7. 

57. Needleman H. Lead poisoning. Annu Rev Med, 

2004; 55: 209-22. 

58. [NTP] National Toxicology Program. 2012. 

Monograph on Health Effects of Low-Level Lead. 

Research Triangle Park, NC. [updated 2012 June; 

accessed 2016 Sept. 23]. 

59. [OSHA] U.S. Occupational Safety and Health 

Administration. 2005. OSHA Fact Sheet - Protecting 

Workers from Lead Hazards. Washington DC. 

[accessed 2016 Sept. 23]. 

60. OConnor MFHJ, Schmidt GA, Wod LDH. Acute 

hypoxemic respiratory failure. In: Hall JBSG, Wood 

LDH, ed. Principles of critical care, 2nd ed., New 

York: McGraw-Hill, 1998. 

61. Proudfoot AT, Krenzelok EP, Vale JA. Position 

paper on urine alkalinization. J Toxicol Clin Toxicol 

2004; 42(1): 1—26. DOI: 10.1081/CLT-120028740. 

62. Rabinowitz MB, Wetherill GW, Kopple JD. 1976. 

Kinetic analysis of lead metabolism in healthy 

humans. J Clin Invest, 58: 260-270. 

63. Sajitha GR, Jose R, Andrews A, et al. Garlic Oil and 

Vitamin E Prevent the Adverse Effects of Lead 

Acetate and Ethanol Separately as well as in 

Combination in the Drinking Water of Rats. Indian J 

Clin Biochem, 2010; 25(3): 280-8. 

64. Sayre JW, Charney E, Vostal J, Pless IB. 1974. 

House and hand dust as potential source of childhood 

lead exposure. Am J Dis Child, 127: 167-170. 

65. Serpa Neto A, Cardoso SO, Manetta JA, Pereira VG, 

Esposito DC, Pasqualucci Mde O, et al. Association 

between use of lung-protective ventilation with lower 

tidal volumes and clinical outcomes among patients 

without acute respiratory distress syndrome: a 

meta-analysis. JAMA, 2012; 308(16): 1651—1659. 

DOI: 10.1001/jama.2012.13730. 

66. Stapczynski JS, Tintinalli JE. Tintinallis emergency 

medicine: a comprehensive study guide, 8th ed., New 

York: McGraw-Hill Education, 2016. 

67. Vaziri ND, Gonick HC. Cardiovascular effects of 

lead exposure. 2008. Indian J Med Res, 128, October, 

pp 426-435. 

68. Wang C, Liang J, Zhang C, et al. Effect of ascorbic 

Acid and thiamine supplementation at different 

concentrations on lead toxicity in liver. Ann Occup 

Hyg, 2007; 51(6): 563-9. 

69. Warniment C, Tsang K, Galazka SS. Lead poisoning 

in children. Am Fam Physician, 2010; 81(6): 751-7. 

70. Watson GE, Davis BA, Raubertas RF, Pearson SK, 

Bowen WH. 1997. Influence of maternal lead 



Fatima et al.                                 European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com     │    Vol 8, Issue 10, 2021.    │      ISO 9001:2015 Certified Journal      │ 

 

366 

ingestion on caries in rat pups. Nat Med, 3(9): 

1024-1025. 

71. Weingart SD, Trueger NS, Wong N, Scofi J, Singh N, 

Rudolph SS. Delayed sequence intubation: a 

prospective observational study. Ann Emerg Med 

2015; 65(4): 349—355. DOI: 

10.1016/j.annemergmed.2014.09.025. 

72. Weingart SD. Preoxygenation, reoxygenation, and 

delayed sequence intubation in the emergency 

department. J Emerg Med, 2011; 40(6): 661—667. 

DOI: 10.1016/j.jemermed.2010.02.014. 

73. [WHO] World Health Organization. 2010. Childhood 

Lead Poisoning. Geneva. [accessed 2016 Nov 22]. 

74. Wood LDHSG, Hall JB. Principles of critical care of 

respiratory failure. In: Murray JF, Nadal JA, ed. 

Textbook of respiratory medicine, 3rd ed., 

Philadelphia: WB Saunders, 2000. 

75. Woolf AD, Goldman R, Bellinger DC. Update on the 

clinical management of childhood lead poisoning. 

Pediatr Clin North Am, 2007; 54(2): 271-94. 

76. Vilensky JA, Redman K. British anti-Lewisite 

(dimercaprol): an amazing history. Ann Emerg Med, 

2003; 41(3): 378-83. 

77. Yuan W, Holland SK, Cecil KM, Dietrich KN, 

Wessel SD, Altaye M, et al. 2006. The Impact of 

Early Childhood Lead Exposure on Brain 

Organization: A Functional Magnetic Resonance 

Imaging Study of Language Function. Pediatrics, 

2006 Sep; 118(3): 971-7. 

78. Zalups RK, Diamond GL. 2004. Nephrotoxicology of 

Metals. Toxicology of the Kidney, 3rd edition 

(Target Organ Toxicology Series, Chapter 22.). 

Edited by Joan B. Tarloff and Lawrence H. Lash, 

937-994. 

79. Mozafari MR, Johnson C, Hatziantoniou S, 

Demetzos C. Nanoliposomes and their applications in 

food nanotechnology. J Liposome Res, 2008; 18(4): 

309-327. 

80. Anand P, Kunnumakkara AB, Newman RA, 

Aggarwal BB. Bioavailability of curcumin: problems 

and promises. Mol. Pharm, 2007; 4: 807—818. 

81. Hussin M, Hamid AA, Mohamad S, Saan N, Ismail 

M, Bejo MH. Protective effect of Centella asiatica 

extract and powder on oxidative stress in rats. Fd 

Chem, 2007; 100: 535—541 

82. Flora SJS, Gupta R. Beneficial effects of Centella 

asiatica aqueous extract against arsenic-induced 

oxidative stress and essential metal status in rats. 

Phytother Res, 2007; 21: 980—988. 

83. Sethi P, Jyoti A, Hussain E, Sharma D. Curcumin 

attenuates aluminium-induced functional 

neurotoxicity in rats. Pharmacol Biochem Behav, 

2009; 93: 31—39 

84. Singh P, Sankhla V. In situ protective effect of 

curcumin on cadmium chloride induced genotoxicity 

in bone marrow chromosomes of Swiss albino mice. J 

Cell Mol Biol, 2010; 8: 57—64. 

85. Rao MV, Jhala DD, Patel Chettiar SS. Cytogenetic 

alteration induced by nickel and chromium in human 

blood cultures and its amelioration by curcumin. Int J 

Hum Genet, 2008; 8: 301—305. 

86. Agarwal R, Goel SK, Behari JR. Detoxification and 

antioxidant effects of curcumin in rats experimentally 

exposed to mercury. J Appl Toxicol, 2010; 30: 

457—468. 

87. Rice-Evans C. Flavonoid antioxidants. Curr Med 

Chem, 2001; 8: 797—807. 

88. Terao J. Dietary flavonoids as antioxidants. Forum 

Nutr, 2009; 61: 87—94. 

89. Youdim KA, Spencer JP, Schroeter H, Rice-Evans C. 

Dietary flavonoids as potential neuroprotectants. Biol 

Chem, 2002; 383(3—4): 503—519. 

90. Wanasundara PKJPD, Shahidi F. Bailey's Industrial 

Oil and Fat Products. John Wiley & Sons, Inc; 2005. 

Antioxidants: Science, Technology, and 

Applications. 

91. Shalan MG, Mostafa MS, Hassouna MM, El-Nabi S 

E, El-Refaie A. Amelioration of lead toxicity on rat 

liver with vitamin C and silymarin supplements. 

Toxicology, 2005; 206: 1—15. 

92. Vaya J, Aviram M. Nutritional antioxidants 

mechanisms of action, analyses of activities and 

medical applications. Curr Med Chem-Immunol 

Endo Metabolic Agents, 2000; 1: 99—117. 

93. Ayres JG. Occupational Hygiene. Blackwell 

Publishing Ltd; 2008. The effects of Inhaled 

materials on the lung and other target organs; pp. 

47-58. 

94. Garcia MTA, Gonzalez ELM. Toxic effects of 

perinatal lead exposure on the brain of rats: 

Involvement of oxidative stress and the beneficial 

role of antioxidants. Fd Chem Toxicol, 2008; 46: 

2089—2095. 

95. Gurer H, Ercal N. Can antioxidants be beneficial in 

the treatment of lead poisoning? Free Radic Biol 

Med, 2000; 29: 927—945. 

96. Garza A, Vega R, Soto E. Cellular mechanisms of 

lead neurotoxicity. Med Sci Monit, 2006; 12: 

RA57—65. 

97. Mates JM. Effects of antioxidant enzymes in the 

molecular control of reactive oxygen species 

toxicology. Toxicology, 2000; 153: 83—104 

98. Flora SJS, Flora G, Saxena G. Environmental 

occurrence, health effects and management of lead 

poisoning. In: José S. C, José S, editors. Lead. 

Amsterdam: Elsevier Science B.V., 2006; 158—228. 

99. Flora SJS, Pachauri V, Saxena G. Academic Press; 

2011. Arsenic, cadmium and lead. Reproductive and 

Developmental Toxicology, 415—438. 

 
 


