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ABSTRACT 

BACKGROUND: Before sixteen century lead and tin were observed as same metal, at that time 

lead was known as plumbum nigrum (black lead) and tin as plumbum candidum (Bright lead). 

Pure lead has significant physical properties it is bluish-white in color having bright shine, and 

generate crystals in face centered-cubic structure. The early history of lead can be evaluated by 

the Neolithic settlement Catlhoyuk’s traces present before 6,400 BC. Lead has been used as an 

anti-knocking agent in petroleum that is exhaust in the atmosphere and is the major reason for 

lead toxicity. Traffic wardens that are performing their duties in controlling traffic population are 

significant victim of lead exposure.  

METHODOLOGY: Three hundred and seventeen (n=317) traffic wardens who served in traffic 

environment for at least five years with hemoglobin (Hb) levels less than 10µg/dl and hundred 

(n=100) warden performing their duty inside offices were substituted for the current study.  

Before getting the samples, subjects were provided with the informed consent. 5 ml blood was 

drawn and serum was separated after centrifugation. All experiment was done under the ethical 

guidelines of the University of Lahore. Various biochemical variables such as, Superoxide 

Dismutase (SOD), Glutathione (GSH), Glutathione reductase (GR), Glutathione peroxidase 

(GPx) and Catalase (CAT), vitamins and different stress variables were evaluated in the subjects 

with help of their respective ELISA and spectrophotometric methods. 

RESULTS: According to present study levels of MDA, NO and TNF-α were increased 

significantly (4.59±0.47nmol/ml, 53.22±5.74µmol/L and 6.199±1.006pg/ml respectively) in lead 

exposed traffic wardens as compared to healthy controls (1.39±0.39nmol/ml, 18.78±2.54µmol/L 

and 2.09±0.861pg/ml). Non-Enzymatic and Enzymatic antioxidants such as GSH, SOD, CAT, 

Vit-A, Vit-C, Vit-E were decreased significantly in subjects (309±1.26µg/ml, 0.43±0.06µg/ml, 

1.87±0.48nmol/mol, 411.98±18.94mg/g, 0.21±0.034mg/g and 0.15±0.015mg/L respectively) as 

compared to healthy controls (11.98±2.38µg/ml, 1.56±0.08µg/ml, 3.99±0.72nmol/mol, 

566±23.64mg/g, 0.33±0.041mg/g and 0.20±0.01mg/L). Inflammatory cytokines such as IL-4, 6, 

10, 13 and 17 were also increased due to high exposure of lead in traffic wardens as compared to 

healthy controls. Matrix metalloproteinases (MMPs) such as MMP-1, 2, 3, 8, 9 and 13 were also 

increased in traffic warden (88.65±11.56ng/ml, 105.56±8.65ng/ml, 37.29±5.29ng/ml, 

99.11±6.03ng/ml, 205±7.11ng/ml and 168.01±7.13ng/ml respectively) as compared to healthy 

controls (33.65±2.56ng/ml, 45.36±11.65ng/ml, 17.19±4.61ng/ml, 29.65±3.21ng/ml, 

45.35±8.19ng/ml and 41.65±2.99ng/ml). Enzymes such as ALAD, ALAS, ferrochelatase and 

G6PD were significantly decreased in subjects (11.09±1.87U/L, 24.26±4.26U/L, 

1.09±0.457ng/ml and 2.09±0.37U/L respectively) as compared to healthy controls 

(19.45±2.65U/L, 53.71±5.26U/L, 4.29±1.05ng/ml and 17.26±1.99U/L). Levels of lead were 

significantly increased (29.76±3.76µg/dl) in traffic wardens that were highly exposed to traffic 

exhaust as compared to the healthy traffic wardens (1.54±0.169µg/dl) who were performing their 

duty in offices. Levels of Glycine and Serine were also increased in traffic wardens as compared 

to healthy controls.  

CONCLUSION: Current study suggests that lead plays an important role in hemolytic anemia. 

Lead induce oxidative stress and suppresses the levels of specific enzymes such as ALAD, 

ALAS and Ferrochelatase that are involved in heme synthesis. Lead also reduces the levels of 

G6PD that plays a key role in production of Glycine; a substrate for heme synthesis that is one of 

the main reasons for the reduction of hemoglobin.  

Keywords: Lead, ALAD, ALAS, Ferrochelatase, Glycine, Serine, G6PD, MDA, CAT 
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1.0 INTRODUCTION 

Lead abbreviated by “Pb” taken from Latin language name; plumbum that means ‘soft 

metals’. Before sixteen century lead and tin were believed to be the same metal, at that time lead 

is known as plumbum nigrum (black lead) while tin as plumbum candidum (bright lead). 

Through its Latin word it is described differently in different languages e.g. in French, it s 

‘plomb’ and in English, through the words ‘plumber’ and ‘plumbing’, as it is believed that lead is 

mostly used in plumber material for the manufacturing of pipes. Pure lead has significant 

physical properties it is bluish-white color having bright shine, and generates crystals in face 

centered-cubic structure (Rochow, 1973). Lead is one of the practical metals having its 

applications globally along with the most noxious metals (Shotyk and Roux, 2005). The 

industrial important use of lead caused worldwide contamination of air, soil and water (Patrick, 

2006).  So among afore mentioned chemicals lead is widespread public concern, which affect the 

whole population however the traffic wardens are at high risk due to maximum exposure (Basha 

and Ready, 2010). The principal reasons of lead poisoning and toxicity is the exposure of 

petroleum exhaust on traffic wardens (Agha et al., 2005). It is assumed that lead is one of the 

earliest metals that are very beneficial for mankind. The early history of lead can be evaluated by 

the Neolithic settlement Catlhoyuk’s traces present before 6,400 BC (Mellor, 1937). One of the 

benefits of lead is it can be used as sheets to retain the moisture in the Hanging Gardens situated 

in “Babylon”. Lead is used for many purposes e.g. lead is used in manufacturing of water pipes 

in Roman Empire, it is to be believed that lead is a flexible, heavy metal and easy to use. After 

finding the beneficial aspects of lead it can be replaced with other metals such as antimony and 

copper. In early history, industrial revolution is contributed by lead. 

Environmental and working disclosure to majority of chemicals occur at different stage 

throughout the human life, Environmental smog may affect all categories of residents and all 

kinds of age groups but occupational hazards are at high menace due to exposure above the 

upper limit. WHO reported about 70 % of inhabitants are affected directly or in some way by 

environmental pollution (Carocci et al., 2014). Synthetic sources are the major source of lead 

induced toxicity; these sources are industrial, traffic, construction, household activities and 

agricultural activities, among higher rate are starting industries and in addition, high number of 

vehicles plays a imperative role in promoting environmental pollution and subsequent toxicity 
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(FAD and Moula, 2002). Therefore, the exposure of xenobiotic metals such as lead (Pb), 

cadmium, and mercury can be basis of a significant health hazard (Sinicropi et al., 2010).  

Lead penetrate into the body through different routes such as, by breathing, gut 

absorption or direct swallowing (Markowitz, 2000). It enters in the form of tetra-ethyl lead, for 

adults having occupational exposure the most minor route is via the respiratory tract (Philips and 

Gerson, 1994). The concentration of inorganic lead absorbed through the respiratory tract is 

dependent on the particle size where the percentage of inhaled lead in blood stream is 30 to 40%. 

The absorption rate through Gastrointestinal Tract (GIT) depends on the nutritional status and 

the age of the individual since in adult the rate of absorption is about 10% to 15% while in 

children it may exceeds 50% (Rabinowitz et al., 1991). Once it entered the blood stream, it is 

transferred to three compartments, blood tissues and the bones. In the blood the maximum 

concentration is in Red Blood Cells (RBCs) which is about 99% while the remaining 1% is 

randomly distributed in serum and plasma. The highest concentration is supposed to be in bone 

marrow (Westerman et al., 1963) which may give the notion that it may play with developing 

RBCs. The movement of Pb from blood to soft tissues is very low and take about 4-6 weeks 

where lead in blood has an essential half-life of 35 days (Roberts et al., 2001), 40 days in soft 

tissues (WHO, 1996) while 20-30 years if it is deposited in bones. Inorganic Pb is not 

metabolized while organic chain is oxidized by the hepatic P450 system, due to its lung half-life 

its excretion is usually low, the generalized route of excretion is through urinary tract but it may 

also be excreted through the bile. Sweating and nails are also contributors to some extent in 

excretion of lead. Various researchers found that lead has the ability to induce several 

neurological, gastrointestinal, hematological, circulatory, reproductive, and immunological 

affects (Patrick, 2006). On the other hand lead can also induce significant effects on various 

biochemical effects, DNA damage, mutation in gene sequence, inhibition of several enzymes and 

chromosome deviations. Lead can also induce several congenital deformities and can cause 

cancer (Johnson, 1998). Among hematological problems, anemia is also developed due to lead 

induced toxicity by a variety of altered biochemical pathways. 

Oxidative stress may acute due to imbalance of oxidants to antioxidants. Disturbance in 

balance may generate a surge of oxidative reactions. Macromolecules (lipids, proteins and 

nucleotides) are usually damaged by oxidative stress caused by ROS, which may result in altered 

cell function and even cell death. A number of enzymes participate in ROS production such as 
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xanthine oxidase (XO), nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, nitric 

oxide synthase (NOS), cytochrome P450, cyclooxygenase (COX), and lipoxygenase. Anti-

oxidant mechanism against ROS is of two types 1) enzymatic Superoxide Dismutase (SOD), 

catalase (CAT), glutathione peroxidase (GPx), peroxiredoxin (Prx) and 2) non-enzymatic 

systems including reduced glutathione (GSH), ubiquitous, uric acid, vitamins A, E and C, 

flavonoids, carotenoids). The human body is affected by Pb both chronically and acutely. 

Symptoms of acute lead poisoning include GIT disturbances, encephalopathy and neuropathy. 

Calcium dependent enzyme system, heme synthesis, mitochondrial oxidative phosphorylation, 

integrity and steroid metabolism have been result of chronic Pb exposure. As mentioned earlier 

the targets of ROS are lipids, proteins, and nucleic acids, among those lipids are most sensitive 

and are generally classified as polar and A-polar, In mammals the main source of energy are 

triglycerides which belongs to A-polar class of lipids. They are usually stored in adipose tissues 

(Fruhbeck et al., 2001). Polar lipids usually served as structural component of the cell 

membrane. The main consequence of oxidative stress is injury to cell, tissues and even organs. 

High levels of ROS may cause degradation of lipid, proteins and nucleotides (Vance and Vance, 

2002). Molecular oxygen have excited and ground states, in its ground state it has two electrons 

and its outer shell is completed. As the two solo electrons have the identical spin, at individual 

time oxygen can counter with one electron and hence it is exceptionally not reactive with the two 

electrons are in a chemical bond. On the other side if one out of two electrons (unpaired) is 

energized and modify its whirl, the resulting singlet oxygen becomes a potent oxidant because 

the two electrons with opposing spins may promptly react with other pairs of electrons especially 

the double bonds. The reduced oxygen forms comparatively stable intermediates. Superoxide 

anion (O2
−•), the product of a one-electron reduction of oxygen, is the ancestor of the majority 

ROS and a referee in oxidative chain reactions. Dismutation of O2
−• produces hydrogen peroxide 

(H2O2), which fully reduced to water or moderately reduced to hydroxyl radical (OH•), which 

supposed to be the strongest oxidants in natural history (Chance et al., 1979). 

Cells, tissues, and even organs get injured by uncontrolled oxidative stress. It has 

previously been reported that elevated level of ROS can impose smash up to lipids. The sources 

of ROS assembly are the mitochondria, plasma membrane, endoplasmic reticulum, and 

peroxisomes (Moldovan and Moldovan, 2004) through various mechanisms. Different stimuli, 

e.g. the ionizing radiation, ultraviolet rays, tobacco smoke, pathogen infections, environmental 
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toxins, and exposure to herbicide/insecticides, are cause of ROS production (Garcia-Leston et 

al., 2012 and Khan et al., 2008). The two most rampant ROS that can affect intensely the lipids 

are generally hydroxyl radical and hydroperoxyl. The hydroxyl radical (HO•) is a tiny, highly 

mobile, water-soluble, and chemically most reactive species of activated oxygen. This transitory 

molecule can be formed from oxygen in cell metabolism and in different stress situations. A 

single cell can produce about 50 hydroxyl radicals in every second. In whole day, each cell 

would produce 4 million hydroxyl radicals, which can be neutralized or attack biomolecules 

(Lane, 2002). Hydroxyl radicals cause oxidative damage to cells since they un-specifically show 

aggression to biomolecules (Halliwell and Gutteridge, 1984), are located less than a few 

nanometers from its site of generation and are involved in cellular disorders such as 

neurodegeneration (Venero et al., 2003 and Castellani et al., 2004), cardiovascular disease 

(Lipinski and Pretorius, 2012), and cancer (Dizdaroglu and Jaruga, 2012 and Kanno et al., 2012). 

It is usually understood that the biological systems is formed through redox cycling by Fenton 

reaction, where free iron (Fe2+) reacts with H2O2 and the Haber-Weiss reaction that results in the 

production of Fe2+ when superoxide reacts with ferric iron (Fe3+). The hydroperoxyl radical plays 

vital function in lipid peroxidation. The protonated form of superoxide yields H2O2 which can 

further reacts with redox active metals including iron or copper to initiate Fenton reactions. This 

is a much stronger oxidant than superoxide anion-radical and could kick off the chain oxidation 

of polyunsaturated phospholipids, accordingly leading to destruction of membrane function 

(Bielski et al., 1984). 

Lead can affect the hematopoietic system directly by inhibit if the synthesis of heme cell 

by inhibiting various enzymes that are involved in heme synthesis. Lead that enters the cell 

increases the fragility of the cell membrane due to decreased life span of circulating mature 

erythrocytes (Guidotti et al., 2008 and Cornelis., 2005). There are two types of anemia that is 

induced due to lead toxicity. It can be hemolytic or frank anemia. Hemolytic anemia can be 

defined as the type of anemia in which there is an acute exposure of lead whereas frank anemia is 

caused has chronic lead exposure where lead stays in the body for a very long time (Vij, 2009). 

Lead that enters the body can reduce hemoglobin level by inhibition of three key enzymes 

present in the erythrocytes δ-aminolevulinic acid dehydratase (ALAD), it is present in the 

cytosol and generate porphobilinogen from δ-aminolevulinic acid (ALA), aminolevulinic acid 

synthetase (ALAS), this enzyme is present in mitochondria, prophoblinogen that is produced in 
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the cytosol has the ability to move inside the mitochondria and with the aid of ALAS generates 

aminolevulinic acid (ALA). Finally, ferrochelatase that is present in the mitochondria is involved 

in the final step of heme synthesis where it uses two iron molecules for the formation of heme 

(Piomelli, 2002). The first and final steps of heme synthesis occur in the mitochondria of 

erythrocyte and second step is done in the cytosol of the cell. Lead that is involved in inhibition 

of ALAD will cause the accretion of ALA that is detectable in the urine, plasma (Garcon et al., 

2007 and Grover et al., 2010). At the blood lead level of 10-20µg/dl the levels of ALAD is 

significantly raised, it is to be believed that heme synthesis is not affected until 80-90% of 

ALAD is inhibited due to the presence of lead in a much higher blood lead level (Ahamed et al., 

2005). Inhibition of ferrochelatase will cause more excretion of coprotoporphyrin that is 

indicative of high blood lead level. Ferrochelatase inhibition results in inhibition of iron inside 

heme that leads to the formation of zinc protoporphyrin (ZPP). Moreover inhibition of this 

enzyme will results in the increase concentration of ZPP inside the body (Jangid et al., 2012). 

The anemia of lead poisoning is seldom severe, hemoglobin level rarely falls below 6o or 

the red cell count below 4 x 106/c.mm. (Cantarow and Trumper, I944). Nevertheless the 

mechanism by which lead causes osmotic changes in red cells is not as yet understood. Lead 

affects the cation permeability of the cell membrane resulting in increased potassium loss 

(Vincent and Blackburn, 1958; Passow and Tillmann, 1955 and Joyce et al., 1954). It is thought 

that the increased osmotic resistance may indicate that more water could enter the cells before a 

critical spheroid form is reached and lysis occurs (Griggs, 1964). It may be possible to equate the 

changes in osmotic fragility with alterations in permeability since changes in permeability may 

affect the water relations of the cell. From their observations Aub et al, (1924) concluded that 

leaded red cells were less able to withstand the dynamic trauma consequent upon passage 

through the capillaries and therefore break up more readily than normal cells, giving rise to 

anemia as seen in lead poisoning. Aub and Reznikoff. (1924) proposed that the damage to the red 

cell envelope which brought about the increased mechanical fragility was caused by liberation of 

free acid when lead combines with the inorganic phosphate of the red cells or plasma. The 

displaced hydrogen ions combins with chloride to form Hydrochloric Acid (HCl), which may 

cause cell collapse and subsequent anemia. Once inside the cell, Pb may change the normal 

signaling pathways as reported by Nussey and Whitehead, (2001). Inside the cell calcium 

concentration normally raised by two different pathways, either by the effect of already present 
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calcium in the cell acting on the sarcoplasmic reticulum that results in the release of calcium 

inside the cell, or by the influx of calcium from extracellular matrix through calcium channels 

being present on the cell membrane (Haleagrahara et al., 2011). When lead binds with the GPCR 

as a ligand it initiates intracellular signaling that leads to the release of calcium inside the 

cytosol. High concentration of calcium inside the cell will bind with calmoudulin that activate 

FOXO2 complex and will induce inflammation (Sandhir et al., 1995). As compared to calcium 

lead shows high affinity with calmodulin and can bind with CaM even at low concentration. 

Calmodulin has strong affinity with lead as compared to calcium, in its crystal state. It may be 

thought that lead generates strong ionic bonds as compared to calcium. The normal bond 

distance between calcium and calmodulin is 2.3Å whereas 2.7Å is the bonding energy of lead 

with calmodulin (Kursula and Majawa, 2007). As compared to calcium ions lead ions are 

effective in supporting CaM-dependent phosphorylation. Calmodulin has four Ca2+ obligatory 

sites. Pb2+ binds to these, but in addition it also binds to a second class of calmodulin binding 

sites, to which calcium is unable to bind to. The binding of lead with calmodulin will cause 

alteration in protein conformation (Simons, 1986). It is hypothesized that this binding may 

induce the changes in protein kinase C that plays a key role in the phosphorylation of protein that 

will activate the protein through release of ATP molecule. These activated proteins are involved 

in various cellular processes (Butler et al., 2007). The binding of lead with calmodulin may 

induce several changes in protein kinase C. 

AIMS AND OBJECTIVES 

The current work was to evaluate the physiological and biochemical variables of 

prognostic importance in lead-exposed subjects. 
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2.0 REVIEW OF LITERATURE 

Various heavy metals are present on earth and lead is one of them. Lead has unique 

physical and chemical properties it is believed to have slight blue-grayish color with low melting 

point, high ductility, malleability and is considered quite resistant against corrosion. Lead is 

cytotoxic in nature it causes toxicity if its reserves are increased inside the body, moreover it can 

be defined in terms of a process that results in damaging the whole body. As far as biochemistry 

is concerned lead in three ways is toxic to human body, initially it is an electropositive metal, 

furthermore, its nature (divalent atom) that enables it to act in the same way as calcium acts it 

means it compete with the calcium and may inhibit the action of Ca++ which is necessary aat 

certain areas and finally it can alter the genetic transcription of DNA. Lead toxicity can be seen 

even if it is present in very scarce amount therefore, it is considered lethal to our body. Lead is 

among the metals that can cause toxicity in a number of domestic animals. Lead is declared as a 

strong occupational toxin and its toxicological effects are well known. Lead is present in the 

environment and it may enter the body through different sources which includes coal 

combustion, lead-based paints, lead plumbing and lead gasoline. Modern localities may be 

exposed brutally to environmental lead (Kalia and Flora, 2005). Approximately 50% of lead gets 

absorbed into the body via breathing while 10-15 % absorption occurs through oral ingestion. 

The majority of lead that enters the body through different routes are retained in the body (Links 

et al., 2001). From the past four years rapid industrial productions that increase lead toxicity and 

every year large number of people are exposed to lead, specifically those people are living in 

under developed countries. Lead is used for different purposes such as in pottery, window 

making, arm industry, cosmetics, paint pigments and book printing. Lead toxicity can affect 

many organs in human and experimental animals including the hematopoietic system, liver, 

kidneys and male and female genital organs (Lancranjan et al., 1975 and Rom, 1980).The 

amount of lead that was used in the twentieth century was excessive than that in previous 

centuries leads to contamination in soil, air and dust. In the human body lead has no useful 

purpose and its presence can cause toxicity in the body whether it enter the body by inhalation or 

swallowing. Inhalation of lead completely is dependent on its particle size where 30-40% of lead 

is absorbed in the blood was inhaled through the respiratory tract. From last few decades it has 

been proven that lead exposure can cause severe health effects mostly in young children (Rosen, 

1995 and Apostoli and Boffetta, 2000). The major reason behind it’s prolong persistence in the 
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body is its non-biodegradable nature. Although there is a lot of study completed on lead toxicity, 

its complete control and prevention is still unknown, although there is no recommended normal 

range of lead that can be declared as beneficial for the human body. It is very hazardous for the 

body and shows its effects on many body functions but if primarily damages the central and 

peripheral nervous, hematopoietic, renal and hepatic systems (Kalia and Flora, 2005). 

Lead can affect the body both acutely and chronically; acute toxicity is quite uncommon 

where exposure to lead is sudden. Chronic toxicity is more common and can occur at 40-

60µg/dL blood lead level. Its effect can be very lethal if the patient with high blood lead level 

remains untreated for a long time. Significant symptoms of lead toxicity  may include persistent 

vomiting, encephalopathy, lethargy, delirium, convulsion and coma (Flora et al., 2006 and 

Pearce 2007). It has been concluded that lead can cross the placental barrier and enters the fetus, 

this starts at 12 weeks of gestation and continue till the end of development. In fact, lead 

concentration in the umbilical cord is 80-100% more than that of the maternal blood (Philip and 

Gerson, 1994; Silbergeld, 1991 and Gulson et al., 1998). Lead can change the cell physiology at 

different levels which involves attachment with different ion channels and activation of second 

messengers, more importantly calcium dependent messengers, which at the end affect 

transcription factor and gene expression ( Hossain et al., 2000). Lead cause changes in human 

beings due to plasma cytokines and T-lymphocytes sub families such as T-helper and T-

cytotoxic lymphocytes. Both T cells and interleukin-2-dependent proliferation are also targets for 

lead. Lead toxicity mechanisms involve a reaction between lead and calcium in calmodulin-

dependent system. By replacing the calcium and acted as a second messenger and have high 

affinity with calmodulin than calcium this binding cause alteration in the protein confirmation. 

The altered confirmation of protein acts on protein kinase and cause phosphorylation, resulting in 

the alteration of various cellular processes. For better understanding of lead exposure on 

calmodulin-related gene expression, microarray analysis is performed to evaluate different 

expression of calmodulin- related genes (Sun et al., 2015). Lead-induced toxicity in the body 

leads to oxidative stress. During toxicity there is free radical formation which damages the cell 

by two different pathways (a) by the formation of reactive oxygen species (ROS) including 

hydroperoxides, singlet oxygen and hydrogen peroxide and (b) elimination of antioxidant 

reserves (Bergdahl and Skerfving, 2008). Lead is a unique and ubiquitous heavy metal present in 

the environment. Acute and chronic lead exposure induces various clinical pathologies through 
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toxicity in renal, endocrine and hematopoietic systems. High level induces reproductive failure in 

animals (Ahmed et al., 2008).  

A study in Islamabad (Pakistan) reveled that traffic wardens have notably elevated Pb 

levels in the blood as compared to normal inhabitant that are not exposed to lead (Pervez et al., 

2015). Also, the Pb levels of the officers of Karachi and Lahore traffic policeman are superior to 

that of the traffic policemen of Islamabad attributable to traffic volumes. In Srilanka petroleum 

with lead as an anti-knocking agent has been used till 2002. In 1996, before the use of unleaded 

petroleum, it was stated in the study of Arewgoda, (1996) that there has a remarkable higher 

amount of lead (53.07mg/dl) present in the blood of policemen of Srilanka. This amount is very 

much higher than the recommended safe amount of lead given by Centre of Disease Control 

(CDC) (10µg/dl) (Benedict et al., 2015). Khartoum is one of that stated that is highly crowded 

with high traffic on the roads. Various studies have been performed in Khartoum city area for the 

analysis of air traffic pollution and its vigorous health effects on the traffic policemen (FAD and 

Moula, 2002).  Lead shows no beneficial effects in the body and its presence induces severe 

toxic effects. The International Agency for Research on Cancer (IARC) concluded that lead is a 

Group B2 carcinogen (which can induce cancer in human). From the past few decades it has 

been reported in various studies that lead shows very lethal and adverse effects in the body, 

specifically in children, even following minimal exposure. Lead shows adverse effect in many 

organs of the body; and the nervous system is one of the primary targets of lead (Clement et al., 

2010). 

2.1 EFFECTS ON ORGAN SYSTEM 

2.1.1 LEAD-INDUCED TOXICITY OF HEMATOPOIETIC SYSTEM 

  Lead is cytotoxic in nature as explained earlier it toxicity can be observed in terms of 

coproporphyrin, as in the case of toxicity induced by lead excretion of the explained marker 

increases through the urine, while protoporphyrin storage in RBCs (erythrocytes) has been 

observed to occur by the inhibition of enzyme ferrochelatase. There are some other effects that 

can be observed in the same time that are inhibition of the discussed enzyme by the formation of 

a complex known as zinc protoporphyrin (ZPP) or by the switch of iron by zinc. Therefore, 

toxicity of lead can be estimated in by determining the amount of accumulated ZPP in the body.  

Enzymes that are involved in the synthesis of Heme are of main concern and are main target of 

lead, as in normal physiology these enzymes are beneficial for the entrance of iron into 
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protoporphyrin XI. (Bonkovsky et al., 2013). Lead also directly lessens the erythrocytes life 

span, it inhibits the chief enzymes that take part in the formation of heme. Lead destabilizes the 

cellular membrane as in the case of lead toxicity more or less around 98% of erythrocytes binds 

to the lead in blood. In the condition such as hemolytic anemia one of the key player is lead. It 

increases rupture and hemolysis of red blood cells and on the same time it also decreases the 

fluidity of cell membrane. Hemolysis is one of the main reason for the ROS production, lead 

exposures increases the production of reactive oxygen species inside the body and thus generates 

lipid peroxidation in membranes of red blood cells. Almost, in cell membranes, lead is 

responsible for the decrease in the reserve of red blood cells by the binding directly to the 

phospholipid in RBC. 

Follow lead exposure, various hematological parameters are verified and these 

parameters are, raised level of urinary porphyrin, ó-ALA, coproporphyrin, erythrocyte 

protoporphyrin and zinc protoporphyrin. Anemia is the result of the two simultaneously 

occurring processes, these processes basically affect hematopoietic system by the inhibition of 

several enzymes for synthesis of heme. It decreases the life span of red blood cells and on the 

same time it increases the lytic ability of the cell membrane (Guidotti et al, 2008). Lead 

poisoning generates two types of anemia, one is known by the name hemolytic anemia, signified 

by the increased levels of lead exposures inside the cell and frank anemia, that is explained in 

terms of higher exposures of lead but for longer time period. Lead considerably affects the 

synthesis of heme by down regulating three chief enzymes that are involved in the heme 

synthesis. These enzymes include ALAD, a cytosolic enzyme that enhances the production of 

porphobilinogen enzyme from o-aminolevulinic acid (ALA), aminolevulinic acid synthetase, a 

mitochondrial enzyme that boost up the aminolevulinic acid (ALA) formation and, finally is 

ferrochelatasethis enzyme which catalyzes iron insertion into protoporphyrin for the production 

of heme (Piomelli, 2002). The first and final enzyme activation process is done in the 

mitochondria while the second enzyme is activated in the cytoplasm. Lead inhibits all three 

enzymes but the effect of lead on ALAD is much intense and its inhibition is clinically 

manifested to determine the extent of lead poisoning. When blood lead level reaches (16 µg/dl) 

50% of enzyme activation occurs, on the other hand at lead concentration of 55 µg/dl, 90% of 

activation has been observed. At blood level of 10 µg/dl high ALA acumulation due to inhibition 

of ALAD could be seen in the plasma and urine. Heme synthesis is not inhibited until ALAD 
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activity is stopped by 80-90% and this occurs at the very high blood lead level of 55 µg/dl 

(Ahmed et al., 2005). 

Hypochromic microcytic anemia is caused by deficiency of specific trace elements, from 

these elements low level of iron mainly increase the absorption of various other elements such as 

lead and cadmium while deficiency of iron cause hypochromic microcytic anemia. Patients with 

hypochromic microcytic anemia have high elements level in the serum, due to deterioration of 

anemia. Iron that enters the body is dominantly absorbed in the duodenum and jejunum. Iron 

uptake is increased by the presence of ascorbate and citrate, as dietary factors have a major role 

in the absorption of iron. To identify lead toxicity determination of blood lead level is the most 

proficient method. It has been confirmed by the CDC, agency for toxic substances and disease 

registry, and the Environmental protection agency that there is no toxic threshold quantity for 

lead, because lead has unique toxicological properties (Mary and Stephen, 2012). Lead is the 

only component that has no useful biological role and is highly toxic. It can damage membrane 

by lipid peroxidation. There is an essential enzyme ALAD, in the presence of which lead 

interfere and leads to toxicity in the body. Hegazy et al. (2010) perform an experiment and 

concluded from their study more than that half of the study children were affected with high 

blood lead level of ≥10 µg/dl and anemia. In the study, the author reported severe and mild 

anemia in children with Blood lead level (BLL) of 10-20 µg/dl. Center for disease control and 

Prevention generated the cut off value for neurotoxicity is 10 µg/dl, but recently 10 µg/dl and 

low value is not reported as a safe lead level in the body (Atlanta, 2005). Since lead causes 

anemia, by increasing the rate of red blood cell destruction, red blood cell contain protein 

hemoglobin, which is made up of heme and globin. The major reason of anemia is low level of 

iron in the body, it is also possible that low level of iron in the body increases the absorption of 

lead that result in high BLL. 

Lead toxicity reduces the circulating level of hemoglobin and also inhibits the 

cytochrome p450-dependent phase 1 metabolism and in both adult and children. Lead also 

inhibits the normal heme protein by two ways, either by micro cystosis that occurs at the blood 

lead level (20 µg/dl) or by basophilic stripling of erythrocytes, which result in the formation of 

clusters of ribosomes; these are products of degradation of ribonucleic acid (RNA). These 

clusters are also useful for evaluation of lead toxicity in the body (Patrick, 2006). Lead that 

inhibits the cytosolic ALAD will results in decreased production of porphobilinogen and 
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accumulation of ALA in the plasma that plays an imperative role in the pathogenesis of lead 

toxicity, resulting in oxidative stress. It is done by triggering an oxidative stress response, as in 

acute porphyria. Sensitivity regarding to lead is very high in children as compared to adults. 

Inhibition of erythrocytes increases the level of secretion of coproporphyrin in the urine and 

leads to protoporphyrin accumulation in erythrocytes. Another effect of this enzyme restriction is 

formation of zinc protoporphyrin (ZPP). Elevated level of ZPP is an indicator of lead 

hepatotoxicity. Kilikdar et al. (2011) explained in his study that rats were administered Lower 

abdomen (LA) Intraperitoneally (IP) for 7 days; the hemoglobin content of the infected rats 

decreases 25% in comparison to normal rats. Erythrocytes are considered as the most effectual 

cells for oxidative stress through lead as they are restricted in number and are not able to 

counteract all the ROS effect of the body, and are not capable to regenerate antioxidant enzyme 

because they lack endoplasmic reticulum and become the primary target of ROS. Lead toxicity 

causes decreased in the Hb level, RBCs count and plasma levels of T3 and T4 without major 

change in white blood cells count. Inhibition of mitochondrial ferrochelatase inhibition prevents 

the combination of ferrous iron with protoporphyrin XI. In the meantime, this free 

protoporphyrin IX stores and generate metal chelates with zinc, which stays in the erythrocytes 

for long time. Zinc protoporphyrin is an indicator of lead toxicity that is caused by exposure of 

lead for three months. High level of zinc protoporphyrin observed in anemia, thalassemia trait, 

hemolytic trait and protoporphyria. Lead is more sensitive to ALAD than ferrochelatase and 

previous studies have indicated that it is very important for inhibition of enzyme ferroreductase. 

Anemia that is caused by lead poisoning is hypochromic and microcytic with basophilic stippling 

of cells, this is due to stoppage of pyrimidine 5’-nucleotidase, this situation only appears when 

blood lead level is increased from 0.24 to 2.40 µmol/L  (Hegazy et al., 2010). 

Anemia is one of the concerned health problems. About 30 percent of the community 

globally put up with anemia as reported by WHO, (1996). The usual grounds of anemia are lack 

of iron; however, modern studies have shown that ROS of erythrocytes are one of the 

contributors in the development of anemia. Drastically elevated levels of ROS in erythrocytes 

may be either by establishment of ROS generation or by inhibition of anti-oxidative system.  A 

condition known as oxidative stress develop when erythrocytes got a higher level of ROS, ROS 

are supposed to be contributor of development of many disorders of RBCs, including sickle cell 

anemia, thalassemia, and glucose-6-phosphate dehydrogenase (G6PD) deficiency. Shortage of 
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antioxidant enzymes e.g. as SOD1 or peroxiredoxin II (PRX II) induces increase in oxidative 

stress in erythrocytes and causes anemia. In physiological situations, a net balance exists 

between ROS and antioxidant enzymes which prevent damage caused by oxidative stress. 

Intracellular metabolic activities are responsible for production of ROS. ROS such as superoxide 

(O2
-), H2O2, and hydroxyl radical (OH) are produced during these processes. 

2.1.2 LEAD-INDUCED TOXICITY OF NERVOUS SYSTEM 

When compared with other organs, the main target of lead toxicity is the nervous system. 

Lead cause toxicity in both central and peripheral nervous systems. Peripheral nervous system 

toxicity is mostly observed in adults, whereas central nervous toxicity has been reported in 

children. The major consequence of lead-induced toxicity is encephalopathy, while other major 

symptoms are dullness, irritability, loss of memory and hallucinations. Delirium, lack of 

coordination, convulsion, paralysis, coma and ataxia are severe symptoms of high lead exposure. 

Motor axons are the principal target of lead in the peripheral nervous system, and lead shows 

different pathological changes in axon by demyelination and axonal degeneration (Fullerton, 

1966). From the time of Hippocrates extensive muscle palsy with wrist and ankle drop has been 

recognized as classical signs of toxicity. Workers who are exposed to lead with blood lead level 

lower than 70 µg/dl provide evidence of asymptomatic slowing of motor nerve conduction 

velocity. Recently in a new perspective study, it has been reported that an adult having blood 

lead level of between 30 and 40 µg/dl show ulnar nerve conduction velocities (Seppalainen et al., 

1985). Peripheral neuropathy is the most common indicator of lead exposure in adult, and is 

mostly seen in children having sickle cell disease. Lead toxicity has been typically observed in 

extensor muscle, with minimal sensory loss, lead also induce neuropathy on the radial and 

peroneal nerves in adult. High lead exposure and lead neuropathy may also cause gastrointestinal 

colic (Philip and Gerson, 1994). Numerous researches have been conducted to determine if lead 

causes asymptomatic impairment function in the central nervous system. In early examination, it 

was shown that the children without any symptoms of high lead toxicity had a 4.5 point low 

verbal IQ score as compared to the children with low lead toxicity. In early studies it has been 

verified by long-term follow up of the children up to the age of 18 years that high lead toxicity 

may cause some reading difficulty, failure to graduate and criminal behavior. Needleman and his 

team, (2004) summarize the teacher observation that student having lead exposures have 

different behavioral characteristics as distractible, defendant on others, unorganized, frustrated, 
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and are unable to perform normal functions and could not follow the instructions and directions. 

Davis et al, (1990) analyzed four case studied data that children having blood lead level of 10 to 

15 µg/dl present with impaired performance, although at below 10 µg/dl of lead level 

electrophysiological changes on the sensory functioning occurs. In addition, children ages 

between 3 and 12 years having level of lead in their blood 6 to 59 µg/dl show changes in cortical 

visual-evoked potentials (Otto and Fox, 1993). 

Small quantity of lead is really harmful for humans and other organism, because it cause 

severe toxicity in the body that lead to oxidative stress. Lead is a highly neurotoxic agent since it 

is lethal for the central nervous system. Many previous studies have concluded that there is a 

changed in neurotransmitter level in different brain regions and in acetylate energy charge. Lead 

causes severe toxicity during pregnancy and lactation period (Leret et al., 2003). A major portion 

of lead that was ingested by diet by the mother is absorbed by the fetus through the placenta 

during pregnancy and to the baby during lactation. Exposure of mother during pregnancy with 

low dose of lead causes defects in the metabolism of elements; zinc, iron, manganese and 

calcium, these elements are mostly required for the normal growth of the organism (Smeczuk 

and Semczuk-Sikora, 2001).  

Lead is more efficient than calcium ions in supporting CaM-dependent phosphorylation 

of brain proteins and the attachment of calmodulin to brain proteins. CaM has four calcium 

attachment sites whereas lead not only binds with CaM but also with the ‘second class’ of CaM 

binding site where Ca+2 could not bind, protein confirmation alter by the binding of lead. It may 

be the major reason behind the different effect on the activation of protein kinases, these 

enzymes function in phosphorylation by transferring the phosphate group from ATP molecule to 

protein substrate molecule; the kinase activity induces the change in the shape of substrate and 

convert it from inactive to active form. The activated proteins are used further in many cellular 

processes such as activating enzymes, changing membrane permeability, activating or inhibiting 

metabolic pathways and starting the secretion of hormones and other substances. When lead 

binds with calmodulin instead of calcium; it will initiate protein kinases resulting in cellular 

process disruption. It has been reported in one study that acute and chronic toxicity of lead 

induced alteration in two specific protein complexes: protein kinase C and N-methyl-D-aspartate 

which is the subtype of glutamate receptor. These two protein complexes are mainly involved in 
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many specific functions such as cognitive functions, learning and are also believed to mediate 

the function by a significant interaction (Butler et al., 2007). 

Lead toxicity is also induced by oxidative stress, where the stress is increased by inhibition of the 

enzyme ALAD, which results in the accumulation of ALA in the body that is a potential source 

of free radicals formation. Biological membranes also interact with lead that induced lipid 

peroxidation. Another effect of lead is the fact that it reduces the enzymes that are involved in 

the removal of free radicals such as CAT and SOD as well as GPx. Both of these effects is 

induce the accumulation of free radicals that lead to oxidative stress. There an assumption that 

oxidative stress is the major role in lead neurotoxicity, and some antioxidants including vitamin 

and other minerals such as zinc play a vital role in the treatment of lead poisoning. Vitamin C 

(ascorbic acid) is a low molecular mass antioxidant that removes the aqueous ROS, by a quick 

electron transfer which stops lipid peroxidation. Vitamin E (α-tocopherol) is a very important 

lipid soluble chain breaking antioxidant, which protects the cellular membranes and lipoprotein 

from oxidative stress (Acharya et al., 2003). Vitamin B6 has a different antioxidant role since it 

increases the formation of GSH; which is a very important antioxidant with a cysteine residue in 

its structural chain, while beta carotene stops lipid peroxidation. Zinc is an important metal that 

effectively prevents the availability of the binding sites for lead uptake (Hsu and Guo, 2002).  

Encephalopathy is an important condition occurring; when the brain comes in contact 

with lead. The main symptoms created are hallucinations, irritability, tremor and headache. At 

high lead exposures, many other symptoms are generated including paralysis, coma, convulsions, 

ataxia and lack of coordination. In the central nervous system lead inhibits the receptors for N-

methyl-D-aspartate, which is an important receptor involved in the maturation of brain plasticity; 

changes involved in brain organization. The blockage of this enzyme by lead causes severe 

effects on the long term potential and inhibits the absorbance and storage of newly learned 

knowledge. Another detrimental effect of lead is it breaks the blood brain barrier. Blood brain 

barrier is formed by endothelial cells that are connected by strong junctions, these endothelial 

cells are surrounded by astrocytes. Astrocytes are crucial brain cell that are affected by lead 

toxicity. Astrocytes intercalate between major cell of neurons; the dendrites and axons. Same 

studies have illustrated the fact that lead toxicity plays an important role in the communication 

between astrocytes and endothelial cells (Velaga et al., 2014; Vincent, 1958; Rubin and Strayer, 

2008 and Reis and Spickett, 2012). The most important function of the Blood brain barrier 
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(BBB) is maintaining the fluid environment of the nervous system. Molecules have to cross the 

blood brain barrier to enter in the brain but in other organs fluid and molecules are transferred on 

the basis of diffusion. The blood brain barrier is very selective for specific and essential water 

soluble molecules which include essential amino acid, calcium, sodium and potassium. These 

essential molecules are transferred across the BBB by a carrier protein in the selectively 

permeable membrane. The phenomenon of crossing the molecules across the blood brain barrier 

explains the barrier importance in prevention of trauma caused by toxicants (Khan, 2008). 

Edema is caused by exposure of high level of lead concentration, due to which plasma 

move into the interstitial spaces. Encephalopathy and edema that are caused by high blood lead 

toxicity affects the cerebellum. Cerebellum is the large portion of the brain that performs 

voluntary actions of the body. Major complications involved in this type of brain damage are 

decreased attention, affects visual ability, reasoning skill and social behavior. Which also affect 

the mathematic skill and reading abilities of children. It has been reported that lead toxicity that 

is caused by BLL at 10 µg/dl has lethal effect on the cognitive ability of the brain that result in 

reduced IQ (Toscano and Guilarte, 2005). 

2.1.3 LEAD-INDUCED TOXICITY OF RENAL SYSTEM 

 Inhibition in the proximal tubular lining cells and renal insufficiency is involved in the 

renal toxicity in sub-clinical lead poisoning. Different abnormalities that are involved are 

aminoaciduria, glycosuria and phosphateuria; also known as Fanconi’s syndrome. Major 

symptoms involved in early and acute nephropathy are Fanconi’s syndrome, exhibiting as 

aminoaciduria, glycosuria, and phosphateuria with hypophosphatemia, and raised sodium and 

low uric acid excretion, although all these effects are reversible. In case of chronic lead 

nephrotoxicity prominent characteristics including progressive interstitial fibrosis, reduction in 

glomerular filtration rate (GFR) and azothemia, whereas all these effects are also reversible. 

Acute nephrotoxicity is mostly observed and reported in children, while in adult chronic lead 

nephrotoxicity has been reported. Loghman-Adham conclude in his study that partial Fanconi’s 

syndrome continue 13 years after lead toxicity. He perform his experiment on 134 children and 

young adult with age 8-13 years and caused severe lead poisoning after chelating therapy 

(Loghman-Adham, 1998). 

Most kidney dysfunction occur due to high exposure of lead with high accumulation of 

lead i.e. ≥ 60µg/dl, but in some cases renal dysfunction is also reported at low level of lead 
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exposure (10 µg/dl). Lead-induced nephropathy is of two types; acute and chronic nephropathy. 

Acute nephropathy is described by an impaired tubular transport mechanism and 

morphologically by the presence of degenerative changes in tubular epithelium along with the 

exposure of nuclear inclusion bodies that contain lead protein complexes and functionally 

through a mechanism of impaired tubular transport. These conditions do not cause to protein 

excretion in the urine but give rise to the undesirable excretions of glucose, phosphates and 

amino acids; combined excretion is known as Fanconi’s syndrome. On the other hand acute 

nephropathy is irreversible and very lethal for the body and show many morphological changes. 

Chronic nephropathy can be estimate by glomerular and tubular and intestinal changes that result 

in renal breakdown, hypertension and hyperuricemia (Rastogi, 2008). A report generated on 

pathological changes has been observed in the kidney of both men and animals that are exposed 

to lead result to the nephrotoxicity and cause oxidative stress. Iron deficiency anemia (IDA) is 

commonly diagnosed in children living in under developing countries. Intellectual development 

and growth of child has been disturbed during this condition. Deleterious effects on cellular 

respiration, mitochondrial oxidative effect and electron transport chain (ETC) have been 

observed in iron deficiency. Effect of IDA on renal pathology has not been observed clearly, but 

renal ischemia is diagnosed by tubular damage. It has been stated that children with iron 

deficiency anemia may also have tubular dysfunction due to chronic renal hypoxia (Figen et al., 

2003). High level of Fractional Excretion of Sodium FE Na represents proximal tubular damage; 

proximal tubules reabsorb sodium three times more than distal tubules. It has been observed in 

anemic patients have increase excretion of sodium, although sodium reabsorption is the primary 

cause of renal oxygen consumption. Kaissiling et al. (1993) illustrated that anemia related most 

deleterious morphological changes are damage to proximal tubule. It has been observed from the 

tissue of anemic rats that focal proximal tubular necrosis has damaged the renal cortex but it does 

not show any sign of hypoxia in the medulla. From these findings it has been concluded that 

children that were affected by IDA show deleterious effect on renal tubular function (Kaissiling 

et al.,1993). It has been reported in the research that NAG is an important lysosomal enzyme 

present in proximal tubule cells, is an indicator of proximal tubular dysfunction. NAG excretion 

through urine gets increased in various diseases and disorders that involve renal tubular function. 

 Effect of acute lead exposure triggering oxidative stress in the kidney of animals is very 

rare. Although lead acetate is defined as a major source that increase urea and creatinine. Sharma 
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and Singh et al, (2014) have concluded that increased in renal thiobarbituric acid reactive 

substances content that acts as an indicator of lipid peroxidation, CAT and SOD activity also 

been enhanced in the kidney of Balb-c mice that were exposed to 10 and 150 mg/kg BW for 24 

h. different studies have reported renal lipid peroxidation gets increased by intraperitoneal 

injection of 20 mg/kg BW for 5 days, weather IP injection of lead acetate for 30 day could 

induce High level of renal lipid peroxidation (Moneim et al., 2011). A study performed by 

Lakshmi, (2013) showed similar findings, where the researcher has administered 50 mg/kg BW 

of Pb-nitrate to rats for 40 days to induce renal toxicity with increased level of renal TBARS in 

rats. These findings are also supported Wang et al. (2012) who administered 500 mg Pb/L in rats 

drinking water for 8 weeks and toxicity was estimated by malondialdehyde (MDA) level of 

kidney. Recent experiments on mice reported that long exposure of lead exposure induced the 

generation of free radicals and lipid toxicity in the kidney, this leads to the rapid loss of 

membrane integrity and inactivate tubular cell constituents. Most researchers accepted the 

statement that Pb produced lipid peroxidation through ROS generation; ROS includes H2O2 and 

OH, but experimental analysis states that there is a possible involvement of nitrogenous species 

as well. This statement is supported by an experiment in which IP injection of Pb-acetate 

(20mg/kg BW) for 5 days causes increase in the level of kidney NO that increase the activity of 

an enzyme NO synthase (Lakshmi, 2013). Lead induces the interruptions in the antioxidant 

defense system by increasing the ROS levels. Various studies illustrate that lead alters the action 

of antioxidant enzymes such as SOD, CAT, GPx, GSH and many content of the GSH in the 

animal and human body. The above experiments resulted in high level of exposure through IP or 

oral route which decreases the activity of antioxidant enzymes of renal tissue. The mechanism 

behind the effect of these enzymes is very complex; lead has specific function it can either stop 

bio-elements absorption or bind to the active site of enzyme or to thiol (-SH) group of the 

proteins. On the other hand Pb can also induce apoptosis in the kidney as well as in the liver 

(Sujatha et al., 2011). It has been reported that chronic treatment of lead acetate for 12 weeks of 

treatment increase the apoptosis mechanism in proximal tubules of the rat’s renal system, so a 

hypothesis has been generated that Pb toxicities induce the change in the genetic makeup and 

cause generation of apoptotic bodies. Lead absorbed in the blood will inhibit the enzyme ALAD 

which is the major enzyme for heme synthesis. Kidney toxicity occurs by two ways, either by a 

reversible action of chronic exposure to children on lead acetate, or by long term exposure of 
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lead generated intestinal nephropathy (Finley, 2014). Lead toxicity influences the 

histopathological change in the epithelium of renal proximal tubules leading towards renal 

nephritis and hypertension. It has been proven by chemical and morphological changes as seen 

by the accumulation in proximal convoluted tubules. Another reason of renal toxicity is exposure 

to the Pb containing environment which becomes a trigger by increasing health burden to both 

humans and animals (Velaga et al., 2014). Conterato et al. (2013) performs an experiment in 

three groups; first group are the workers of battery manufacturing industry, second group are 

workers of paint industry and the final group are those never exposed to lead which served as 

control. Conterato et al. (2013) examined the lead and cadmium level of all the subjects of three 

groups and concluded through his study that there is no elevation in MDA levels but increased 

GSH levels were observed in the both battery-manufacturing and pain industry workers. Their 

result indicated that Pb can increase GSH level that induces gene expression. Secondly increased 

GPx and SOD levels are observed in battery manufacturing workers; that express higher Pb 

levels in blood. High level of CAT activity in the blood of painter indicates accumulation of 

cadmium in blood. The study reveals the effect of oxidative stress associated with Pb and Cd 

levels in blood. There is an assumption of lack of interaction between lead and cadmium in case 

of oxidative stress; as induced by exposure via inhalation. Other study gave conflict result to 

previous study where low level of CAT and SOD and high level of MDA in the blood of patients 

treated with Cd and Pb in high levels, concluded that it is difficult to conclude the possible 

interactions between these two well-known metals (Conterato et al.,2013). 

A study on the effect of Pb and Cd in bovine adrenal medullary cells found that lead alter 

the function of calcium. Opening of calcium channel and G-proteins channel causes 

depolarization of cell membrane. Depolarization of cell membrane increase lead entry which 

stops calcium. High permeability for lead ions is present in these channels, it is ten times more 

than the permeability of calcium ions. However lead does not inactivate the channels because of 

its absence in internal effect, once lead is deposited in the cytoplasm all the abnormalities 

mentioned will occur (Simons, 1986). Lead nephropathy is mostly common in distillers of 

‘moonshine’ whisky in America and is common among industrial workers. Interstitial workers 

and chronic nephritis is caused by chronic lead exposure, while sudden exposure of lead may 

cause proximal tubular dysfunction, give rise to hyperphosphateuria, glycosuria and 

aminoaciduria. Biopsy of chronic tubular interstitial nephritis and typical clinical picture are used 
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for the diagnosis of chronic lead nephropathy. X-ray fluorescence or sodium calcium edetate 

metabolization tests are performed to evaluate lead storage, but there is no single test through 

which lead nephropathy can diagnose (Gordon et al., 2002).  

2.1.4 LEAD-INDUCED TOXICITY OF CARDIOVASCULAR SYSTEM 

 Both chronic and lead poisonings induce lethal effects in cardiac and vascular system. In 

both animals and humans hypertension is caused by low level of lead exposure. Pb induces 

various disorders including ischemic coronary heart disease and peripheral vascular disease. 

There is a casual relationship between lead exposures and hypertension that result in 

cardiovascular toxicity. A comprehensive study has been performed on 837 cases for 10 years 

follow up that result in the genesis of ischemic heart disease in community inhabitants. Patients 

that were newly signed for ischemic heart disease were observed to have high level of lead in 

their bone and blood during this period. The relation between bone blood lead with heart injury 

is still not properly explained but it is seen in some patients that were diagnosed myocardial 

infarction and stroke with blood lead level of less than 5 µg/dl. High blood lead level results in 

heavier burden of peripheral arterial disease from the one time blood lead level due to chronic 

exposure or from the mobilization of bone storage. Increased pulse pressure were diagnosed in 

patients having tibia lead above the median, it has been suggested that stiffness of aging arterial 

wall was due to chronic lead storage (Muntner et al., 2005). From the last 20 years the lethal 

effect of lead as a metabolic poison on general population has been confirmed. From the year 

1976 -1980 with follow up to 1992, 4292 participants were recruited by Second National health 

and Nutritional examination survey (NHANES) and the results were compared between the 

subjects having blood lead level of 20 - 29 µg/dl with candidates having blood lead level lower 

than 10 µg/dl, highly exposed subjects had a high rate 46% of all mortality (rate ratio 1.46), 

where 39% cardiovascular mortality and 68% cancer mortality has been diagnosed. In the third 

NHANES total of 13,496 subjects were examined from the year 1988-1994, these subjects have 

blood lead level less than 10 µg/dl, and mortality were caused in the subjects having blood lead 

level of more than 3.62 µg/dl while those subjects who have less than 1.94 µg/dl blood lead level 

show 1.25 and 1.55 cardiovascular mortality respectively. A possible mechanism has been 

revealed that renal glomerular and tubular pathology may act as intermediate mechanisms 

leading to cardiovascular damage (Navas-Ancien et al., 2007). 
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 In adults, low dose of lead increase blood pressure with a prominent effect observed in 

systolic pressure that is associated with the blood lead concentration starting with approximately 

30 µg/dl. In a pilot study 192 subjects from the year 1930-1942 were examined, in which it has 

been observed that subject affected with Pb had lower hemoglobin and hematocrit than normal 

and affected patients have higher risk of clinically significant hypertension. Constipation, 

reduced sperm count and colic are significant cause of lead toxicity (Abdullah, 1984). Long time 

exposure of lead may induce hypertension in normal animals. The mechanism on lead-induced 

hypertension has been very clearly explained through experimental animals, cultured endothelial 

cells, isolated tissues and vascular smooth muscle cells (VSMC). Antioxidant defense system 

counteracts ROS, such as superoxide (O2
-) and H2O2 that are normally produced during oxygen 

metabolism. During oxidative stress, ROS is produced by directly attacking and denaturing 

structural and functional molecules, ROS activates redox-sensitive transcriptional factor and 

signal transduction leading to severe tissue damage and cardiac dysfunction. Chronic and acute 

hypertension, chronic illness and cardiovascular disease have been attributed to oxidative stress. 

In Haber-Weiss-type reaction plumbum (Pb) promotes the formation of ROS. Lead causes 

oxidative stress both in vivo and in vitro where it shows lethal effects on the kidney, 

cardiovascular tissues, endothelial cells and VSMC, as well as lead-induce oxidative stress result 

in the hypertension (Navas-Acienet al., 2007). 

 Khalil-Manesh et al. (1994) observed in his experiment that lead-induces hypertension, 

fast amelioration of hypertension and increased cGMP levels in lead treated rats caused by 

chelation therapy with dimercapto succinic acid (DMSA), and DMSA shows strong antioxidant 

properties. ROS that are produced by lead exposure, inhibit the endothelium derived relaxing 

factor in the body. Gonick with his companion observed high accumulation of MDA and 

inducible NO synthase (NOS) in lead-induced hypertensive rats that show high level of lipid 

peroxidation. These results illustrate the high level of oxidative stress in the kidney of rats that 

were highly exposed to lead (Gonick et al., 1998). Ding et al, (1998) shows in his study that L-

arginine infusion showed significantly lower arterial pressure to much greater extent in lead 

exposed rats than normal rats and DMSA-treated rats. These results are confirms for the 

importance of depressed NO availability in lead induced hypertension. This study also proved 

that oxidative stress is another reason for low availability of oxidative stress. DMSO is very 

beneficial for lead-induced hypertension; two weeks of oral administration of DMSO lowered 
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the blood pressure and also reduced the blood lead concentration in lead-induced rats. The 

conclusion was given after the rats were treated with non-chelating antioxidant agent, lazaroid 

(Vaziri et al., 1999). In untreated lead exposed rats significant hypertension, low NO availability 

(Low urinary NO2 + NO3 excretion) and oxidative stress have been observed. High level of 

oxidative stress, hypertension (HTN) and nitric oxide will cause lethal changes that can be 

ameliorated through antioxidant therapy. All these observation provide beneficial information 

regarding the role of lead in inducing oxidative stress and degradation of antioxidants. Dursun et 

al, (2005) observed high amount of depletion in nitric oxide that plays a key role in the 

metabolism of the body, in the rats that were induced lead acetate for two weeks. The results 

indicate that lead acetate significantly reduce the arterial pressure and cause vasoconstriction. To 

analyze the mechanism of lead-induced reduction of NO availability, the authors work on the 

NOS isoforms of this model. They found that the reason behind the NO availability is that there 

is increased amount of endothelial NOS (eNOS) and inducible NOS abundance in the kidney and 

cardiovascular tissue in lead-treated rats. Reduced NO production and high NOS activity is due 

to the inhibition of enzyme by lead, using normal tissue lysate. They determined NOS activity by 

the comparison of lead induced animals with normal animals. These results were confirmed by 

related study which reported that reduced concentration of NO and high concentration of NOS 

isoforms has been observed in kidney, brain aorta and heart of rats that were exposed to lead, and 

these lead toxic rats restore to normal rats after treatment with the cell permeable SOD mimetic 

tempol (15 mg/kg/day) for 2 weeks (Zhen et al., 2008). 

Attri et al. (2003) in his studies concluded that rats that were treated with lead for 12 

weeks showed a significant hypertension, accompanied by oxidative stress, reduced NO as well 

as electrophoretic evidence of DNA damage (Attri et al. 2003). Sharifi et al, (2004) observed a 

slow rise in ACE activity in the plasma, aorta, kidney and heart in 2-4 weeks. Initial rise in 

plasma and tissue ACE activity was followed by a decline to subnormal values by 8 weeks, these 

values rise with the rise in arterial pressure. It has been concluded for their study that elevated 

amount of ACE induces hypertension may not be needed for lead associated hypertension Sharifi 

et al., 2004). Bravo et al. (2007) suggested the phenomenon of linkage between the 

inflammation, intrarenal angiotensin system activation and HTN in lead-exposed rats, author 

determines in his studies that rats that were exposed to lead acetate for three months shows high 

amount of angiotensis II- positive cells in tubulointerstitial region of the kidney. Other forms of 
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hypertension also indicated similar type of linkages. This phenomenon is supported by the 

significant effect of immunosupperessive drug MMF in alleviating the tubulointerstitial 

inflammation that result in the reduction of angiotensin II-positive cells, and attenuating 

hypertension in rats that were exposed to lead (Bravo et al., 2007).  

2.1.5 LEAD-INDUCED TOXICITY OF REPRODUCTIVE SYSTEM 

 Reproductive system is the major system for both men and women, lead cause toxicity 

and cause lethality in both. In male; lead cause reduction in libido, abnormal sperm production 

(reduced motility and number), chromosomal destruction, abnormal prostatic function, infertility 

and changes in serum testosterone. On the other hand women are more vulnerable to infertility, 

miscarriage, pre-mature delivery, pre-eclampsia, pregnancy hypertension, and premature 

membrane rupture. During gestation period, it has been reported there is direct influence of lead 

on the development stages of the fetus. Women that are highly exposed to lead have abortions, 

miscarriages and still birth, although lead is the major cause of toxicity in the fetus. Lead reduces 

gestational period, fetus weight and can badly delay cognitive development. It is an exceptional 

case that exposure to lead may be sudden or the result of mobilization from the storage of bone 

from recent lead exposure. Previous studies concluded that a significant amount of lead from 

bone is mobilized and enters the circulation during pregnancy, lactation and crosses the placenta 

(Gulson et al., 1998). In cases regarding to high exposure of lead toxicity causing lead to cross 

placenta and shows lethal effect; premature delivery and low birth weight, significant changes 

has been observed in monkeys that were highly exposed to lead and causes inhibition of 

menstruation, ovulation and follicular growth. Another effect of lead is decreased frequency of 

implanted ova and delay in vaginal opening in pubertal rats (Odenbro and Kihlstrom, 1977). 

Banu with his coworkers (2007) indicated that, there is a significant decrease in weight in 

animals that were given high dose of lead. Ovary microscopic examination revealed that there is 

a serious damage and reduction in the number of primordial follicles, inaccurate structure of 

developing follicles and showed high number of atretic follicles. Above study on developing 

testis observed that lead can change the shape of seminiferous tubules and their arrangements in 

the body. Prior study also revealed that lead reduces the production of germ cells and 

spermatogonia and changes the arrangement of distribution in seminiferous tubules. It was 

concluded that the group that was treated shows hexagonal shape of tubules with large gaps 

between tubules as compared to normal control groups (Banu et al., 2007). 
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Jornayvaz and Shulman, (2012) concluded that high concentration of lead exposure result 

in the significant damage of mouse ovaries, and there is a limited atretic primordial follicle in 

post-delivery or adult ovary of mouse. Differences in strain account for significant variation in 

the assessment of ovarian histology with regards to the type and number of follicles easily 

(Jornayvaz and Shulman, 2012). Danielesson et al, (1983) performed studies and concluded that 

lead has the ability to cross the placenta of pregnant mice and end is stored in tissues of fetus, 

lead has also the capacity to reach embryonic and fetal tissue at various periods of pregnancy in 

the mouse (Danielesson et al., 1983). Silbergeld, (1983) reported in his studies that accumulation 

of lead in many organs especially the gonads and seminal fluid causes lethal and harmful effects 

(Silbergeld, 1983). Sharma with his coworkers concluded from his studies that plumbum toxicity 

in reproductive organs show adverse effect in various ways on the developing reproductive 

system of male and female offsprings. In his studies he concluded that lead has the ability to pass 

through the placenta during gestation, where during lactation lead can pass through milk. When 

lead reached embryonic and fetal tissues, it causes disruption of gonadal growth of offspring’s in 

mothers that are exposed to lead. Lead affects both males and females during development, 

because exposure of lead and duration of exposure is same for both sexes. Lead exposure causes 

severe effects in the reproductive system of both sexes. In this study the histopathological finds 

clearly depict that there is reduced fertility in adulthood; caused by basic precursor of gonads 

during postnatal development in both sexes. Lead may cause dysfunction or degradation of 

sertoli cells that nourish the germ cell by providing them with an appropriate environment for 

growth and maturation in both sexes (Sharma et al., 2014). 

2.1.6 LEAD-INDUCED TOXICITY OF BONE 

 The bone is an active tissue, and is regulated by various hormones and local factors 

where remodeling of bone occurs throughout the life. The major target for lead is the bone where 

it is the major site of accumulation in human body. The bones contain two sections that are lead 

storage point, exchangeable and non-exchangeable pool; Exchangeable pool is located on the 

surface of the cortical bone whereas non-exchangeable pool is presents deeper inside cortical 

bone. In case of bone actively being re-absorbed, lead moves from the non-exchangeable pool 

and reaches the surface, while lead reaches into the plasma very easily from exchangeable 

section. 40-70% approximately of lead is provided by the bones, as shown by stable lead isotope 

methodology in adults. By comparing the accumulation of lead in adult and children it has been 
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confirmed that 85-95% of lead is accumulated in adult bones whereas 70% is accumulated in 

children, the major amount of this is stored in the soft tissues of the children. Several factors are 

involved in the storage and mobilization of lead in the bones, these include 1) the amount of lead 

exposure, 2) age, 3) race, 4) gestation and 5) pregnancy (Flora et al., 2012). In a study 10-88 % 

of blood lead has been reported to originate from bone during pregnancy. Mobilizations of bone 

affect the body in two ways; it increases the blood lead level in pregnancy and during the 

lactation period. In the bone, osteoporotic effect has been observed to occur due to chronic lead 

exposure. In addition, it has been evaluated from NHANES data (1988-1994) that bone mineral 

density was inversely proportional to blood lead levels in the women between 40 and 59 years. It 

was also observed that blood lead level is higher in case of menopause, there is 25-35% higher 

blood lead level in the females having menopause, which can either be due to natural or surgical 

menopause. 

 X-ray fluoroscopy (XRF) is selected as a significant biomarker for evaluation of 

cumulative chronic or acute lead exposure as compared historically rather than based on current 

blood lead levels. However complete image of lead storage could not be seen by the current 

blood lead level. For the assessment of body lead accumulation the following two tests are 

considered to be the most accurate; EDTA mobilization test and bone XRF (Patrick, 2006). In 

many studies related to the society, the data depicts the comparison between occupational and 

non-occupational exposure of lead in the social groups of children which showed that there is 

high level of tibia lead in children having high lead exposure thus leading to the cognitive 

impairment in adulthood. High exposures of lead-induced toxicity on the mitochondrial function 

leads to the imbalance of calcium homeostasis, the mitochondrial dysfunction leads to damage to 

many other organs and cellular functions. It has been proven that tibia lead was suggested as a 

prominent analyzer of cataract, it also has been observed that age, smoking and diabetes are 

major predictors for Parkinson’s disease, the major cause of both of these diseases is high lead 

exposure (Arnold, 2009). It has been suggested that the skeleton contains most of the lead in 

comparison to the whole body, and the accumulation is started from the fetal bone development 

to the age of 60 years. There are three major reasons for the interest for the presence of lead in 

bones; firstly lead in the bones is the major reservoir for lead that is mobilized by various 

pathological and physiological states including pregnancy, lactation and osteoporosis. Internal 

storage of lead mobilization cause very lethal effects to various other tissues such as the fetus. 
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Secondly, bone lead is the most precise analyzer of deficits in neurobehavioral and for most 

accurate measurement of cumulative lead exposure of the body. Finally, the bones are the 

prominent target of lead toxicity (Shukla et al. 1987). 

Bones are being resorbed by the osteoclasts during the development, preservation and 

healing of skeleton. Additionally osteoclast activates paracrine factor that performs osteoblastic 

proliferation, migration, differentiation and synthesis of matrix. These multinuclear, large cells 

are stored on the bone surface adjacent to vascular channels. The osteoclasts live longer than the 

osteoblast, although it has been observed that the life time of individual nuclei is approximately 

10-20 days so osteoclast gets renewed by the combination of preosteoclasts. The exact 

mechanism for the resorption of bone remains unclear, but various processes are involved in 

resorption; which are main targets for toxicity of lead and metabolism of bone lead. Resorption 

of bone is involved in phagocytosis that comprises of exocytosis and endocytosis at the tangled 

border. Acid hydrolases are generated and delivered in the spaces present in the osteoclasts and 

mineralized bone matrix. An optimal environment is provided by the acidification of this space 

for the functioning of enzyme hydrolase that leads to demineralization. The energy and 

substrates for carbonic anhydrase isozyme II are provided by cell respiration; which also 

provides Na, K- ATPase that in turn supplies H+ to confined extracellular region below the 

border. The final products of resorption are organic and inorganic products that are taken in the 

osteoclast by endocytosis and degraded by an enzyme lysozyme in secondary lysosomes and 

then released in the venous sinuses. 

Lead metabolism in bone cells cannot be viewed just like it can be seen in the mineral 

bone matrix. The major experimental and critical problem is to evaluate the presence of one or 

another and to establish the contribution of biological and chemical metabolism of the bone. The 

osteoblast activity triggers the movement of lead in the bone, while osteoclast activity is 

responsible for the loss of lead in the bone (Marcus, 1985). It is really important to notify from 

the start that lead removes the Ca+2 ions by cation exchange processes in the hydroxyapatite 

crystal in both natural and synthetic apatite. Several methods have been investigated on lead is 

contribution in hydroxyapatite crystal by X-ray diffraction and how lead occupies both calcium 

ion sites in crystal lattice. Joel and his companion established that lead is a potent calcergen and 

inducer of ectopic calciferation. In their research lead was injected into the body through 

subcutaneous injections in the form of lead triphosphate, that accumulate around the connective 
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tissue, which provides the way to generate apatite and have the ability to prevent high level of 

calcitonin. It has been proven that lead intoxication is also associated with calcification of soft 

tissue (Joel et al., 1991). 

First characterizations of lead in bone metabolism were estimated by the help of bone 

organs that are cultures of fetal rat radius and ulna. Some studies (Zhen et al., 2008; Willis, 

1965; Vance and Vance, 2002; Shotyk and Le Roux, 2005 and Reis and Spickett, 2012) observed 

that there should be at least one section of total lead in the bone and it was enthusiastically 

exchanged and modulated by the same ions which also modulates the hormones that can be 

steroid or non-steroid hormones that regulate calcium metabolism. Successive studies indicated 

that osteoclast accumulation is much more than osteoblast or osteocytes in the culture medium. 

The full description of cellular lead metabolism is defined by modeling of the compartment of 

lead washout curves in primary cultures of osteoclastic and osteoblastic bone cells isolated from 

the fetal mouse calvaria. Each cell has three specific kinetic pools of intracellular lead. The 

major portion of lead is stored in the slow exchangeable pool that contains mitochordial lead. All 

the remaining lead is present in the other two pools, one from which exchange across the plasma 

membrane that has a half-life of approximately 1 minute. It has not been confirmed if the 

biological constituents of these two exchangeable pools are associated with biochemical and 

structural constituents of cells (Joel et al., 1991). 

2.1.7 LEAD-INDUCED TOXICITY OF LIVER 

The liver is the first organ that is exposed to any intake nutrient and xenobiotic 

compounds; through the portal vein. Lead has a protective property against other physiological 

system from toxicity of xenobiotic compounds by highly active metabolic compound that 

contains huge compliment machinery known as phases I and II enzyme system. In recent studies, 

lead induced hyperplasia has been indicated in rats administered with high doses of inorganic 

lead salts, causing alteration in hepatic xenobiotic mechanism of working, metabolism of 

cholesterol, proliferation of liver cell and DNA synthesis (Lyn, 2006).  

In 1980, it has been reported that acute exposure of lead acetate decreases the hepatic 

CYP450 level which increases urinary d-aminolevulinic acid. When two rats were co-treated 

with CYP450 inducers such as phenobarbital, there is an increase in the level of CYP450 and it 

was suggested that treatment of lead metal decreases CYP450 which may be due to lead induced 

inhibition of hematopoietic enzymes. It has been observed in rats follow treatment of triethyl 
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lead chloride that the activity of estradiol-17β enzyme decreases, indicate that activity of 

CYP450 enzyme is inhibited by not only inorganic lead but by the organic lead also. The activity 

of aminopyrene-N-demethylase activity decreases with decrease in the count of CYP450 enzyme 

in rats that were treated with a single dose of lead nitrate (5-10 mmol/kg body weight). Decrease 

in the level of all of the above enzymes of phase I result in the increase in level of phase II 

component such as GSH, glutathione-s-transferase and NADPH, quinone oxidoreductase (DT 

diaphorase). All these responses inhibit the biochemical properties of hepatocyte nodule that 

result in the inductive effect carcinogenic potential for lead nitrate and other lead compounds.  

 Flora et al, (2012) with his co-workers observed that decrease level of CYP450 enzyme 

in lead-induced rats occur due to inhibition of specific isoforms of CYP450. It has been reported 

in their studies that lead nitrate specifically inhibit the activity of enzyme CYP4501A2. 

Cytochrome P4501A2 is inhibited at both mRNA and protein levels by inducers such as 3 

methylcholanthrene and 2-methoxy-4-aminoazobenzene. It has been observed in the comparative 

study between lead and other metals such as, nickel, cobalt and cadmium, that only lead is a 

specific metal that cause inhibition of cytochrome P4501A2. Inhibition of heme synthesis is done 

by inhibition of enzyme α-aminolevulinic acid (ALA) by lead nitrate which is the main cause of 

inhibition of cytochrome P4501A2. The author also concluded the role of aromatic amine in 

other cellular in transcriptional activation of CYP1A genes, whereas lead nitrate inhibited the 

activation of CYP1A by aromatic carbons but not by hydrocarbons. Hepatotoxicity is induced 

from lead nitrate by inhibition of the activity of CYP450 and conferred protection from carbon 

tetrachloride (0.3 ml/kg). CYP450s and cytochrome b5 were inhibited by sub chronic (2-3 

months) exposure of lead acetate (5-50 mg/kg) in the liver and kidneys of affected rats. Lead that 

inhibits the hepatic cytochrome P450s is facilitated by two mechanisms (i) at the level of 

transcription and (ii) by decreasing heme saturation by inhibition of heme synthesis resulting in 

decrease in p450/apo P450 ratio. Lead enhances the production of tumor necrosis factor alpha 

(TNF-α) found in the liver which is the major protein for inhibition of expression of CYP2A2 

mRNA expresses in rat hepatocytes. TNF-α may play a part in inhibition of constitutive and 

aromatic amine induced Cytochrome P1A2 present in the liver of rat.  

 Phase II enzymes: Single dose of lead nitrate induces GSH  activity, immunochemical 

and histological analyses indicate that single dose of lead nitrate can induce glutathione-S-

transferase placental (GST-P) in the liver where this enzyme is not present in the liver of normal 



CHAPTER TWO   REVIEW OF LITERATURE 

WAQAS, 2017 

 

31 

 

rats, GST-P level is raised by induction of both lead acetate and lead nitrate. It has been revealed 

after understanding the molecular mechanism of induction of GST-P which explains that 

regulation occurs at various levels; such as transcription, post-transcription and port translation. 

Suzuki with his companions perform experiment on lead-induced GST-P through transgenic 

technique and identify GST-P enhancer I (GPEI), an enhancer whose core contains two AP-1 (c-

Jun/c-Fos heterodimer) site like the sequences present at the 5’ adjoining region of this gene. The 

author also concluded from his studies that GPEI is an important element and is involved in lead 

associate activation of GST-P and later activation of factor AP-2 is likely to be involved, at least 

some part is involved in the transcriptional activation of the GST-P gene by lead through GPEI 

sequence. In other studies it has been reported that decrease in GSH activity has been observed 

after the exposure to both inorganic and organic lead compounds. In case of acute lead exposure, 

the activity of hepatic enzymes such as GSH peroxidase and GSH reductase are decreased 

(Sandhir and Gill, 1995). A study performed on children observed that the urinary excretion of 6-

β-hydroxycortisol; a metabolite produced by the oxidation of cortisol performs hepatic CYP3A4 

activity. Children were qualified for chelating therapy (EDTA-provoked urinary Pb levels of 

more than 500 µg/24 hours) that have high blood lead level, showing lower level of 6-β-

hydroxycortisol in the urine, resulting in decrease in CYP3A4 activity. Epidemiological study is 

performed in a Bangkok population that concludes that the effect of lead exposure on the activity 

of CYP2A6 by analyzing the amount of 7-hydroxy coumarin in urine excretion, measured after 

single dose of coumarin. This study significantly indicated that urinary lead and 7-hydroxy 

coumarin are inversely proportional to each other where increased level of lead in urine resulted 

in the decreased level of 7-hydroxy coumarin, these result are specific for males but not in 

female, adults (Satarug et al., 2004). Inorganic lead is not stored and is metabolized directly 

before being excreted through the urine. The mechanism involved in the excretion of lead 

through feces is not understood yet. Different pathways have been indicated in the excretion of 

lead that include secretion through bile, gastric fluid and saliva, these pathways excrete one third 

of the absorbed lead. Organic lead when absorbed in the body performs de-alkylation and is 

converted into highly neurotoxic metabolite, tri-ethyl and tri-methyl lead. In the liver, the 

reaction is catalyzed by CYP450 dependent mono-oxygenase system. Another excretory 

pathway of lead is via nail and sweat. In a study it has been reported that significant loss of lead 
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is present in the sweat where the study was performed on sauna therapy as compared to urine 

(Omoknodion and Crockford, 1991).  

 Oxidative stress in the liver has been reported follows accumulation of significant amount 

of lead in the liver tissue. Lead is a poor initiator of oxidative stress and lipid peroxidation where 

lead inhibits various enzyme involved in oxidative stress including SOD, CAT, GSH, GPx and 

GRx. On the other hand there is a significant increase in glutathione disulphide and reduction in 

the GSH/GSSG ratio. Oxidative stress plays a major role in the regression phase of hepatic 

hyperplasia that leads to generation of lipid peroxide and other oxidants that enhance the 

expression of cytokines mediators including TNF-α. These cytokine mediators are responsible 

for the significant decrease in the intracellular ATP concentration in hepatocyte leading to 

oxidative DNA damage and the apoptosis of hepatocytes (Milosevic and Maier, 2000).  

2.2 OXIDATIVE STRESS INDUCED BY LEAD TOXICITY  

2.2.1 INDUCTION OF LEAD OXIDATIVE STRESS BY LEAD TOXICITY 

Oxidative stress induced by lead-toxicity involved the imbalance between ROS and 

antioxidant system of the body. The double bonds in fatty acid are responsible to make adjacent 

C-H bond fragile, resulting in the easy removal of H from lipid, so it is assumed that fatty acid 

which contain maximum of two double bonds are more resistant to oxidative stress (Halliwell 

and Gutteridge, 1989). The end product of lipid per oxidation is MDA whole level increased as a 

result of oxidative stress (Yinn and lin, 1995). Therefore, the length of fatty acid chain length 

and un-saturation are determinant for membrane per oxidation (Knowles and Donaldson, 1990). 

Thus, lead interferes with membrane-related process to induce its toxicity (Adonylo and Oteiz, 

1999). The Amminolevulinic acid dehydratase (ALAD) is highly sensitive to the effects of lead-

induced toxicity and is inhibited in a dose dependent manner (Farant and Wigfield, 1982) and is 

evident from increased accumulation of ALAD in lead toxicity (Hermez-Lima, 1991). The 

inhibitory effect of Pb on antioxidant system is the second area to induce its toxicity, lead is 

supposed to inhibit the activity of SOD, CAT, GPx and glucose-6-phosphate dehydrogenase 

(G6PD) (Lachant et al., 1989). SOD, CAT and GPx are potential targets for lead toxicity since 

these enzymes depend on various trace elements for their physiological activities (Gelman et al., 

1978). An antagonistic effect has been established between lead and selenium (Schrauzer, 1987) 

where administration of selenium before lead toxicity may work prophylactically. Since 

selenium may cause increase in the levels of SOD, CAT, GPx (Othman and Missiry, 1998). 
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Lipid peroxidation produces different oxidation products. Th primary are lipid 

hydroperoxides (LOOH). Among the many different aldehydes which can be formed as 

secondary products during lipid peroxidation, MDA, propanal, hexanal, and 4-hydroxynonenal 

(4-HNE) and isoprostanes (Esterbauer et al., 1982). MDA supposed to be the most mutagenic 

product of lipid peroxidation, while 4-HNE is considered to be the most toxic, MDA has its 

recognition as a biomarker for lipid peroxidation since 4-HNE was exposed in 60s. Later, in 80s 

4-HNE was reported as a cytotoxic product related with the peroxidation of liver microsomal 

lipids. 4-HNE is considered as toxic second messengers of free radicals and also as one of the 

major generators of oxidative stress (Olewinska et al., 2010 and Permpongpaiboon et al., 2011). 

Thus, nowadays 4-HNE is considered as the major bioactive marker of lipid peroxidation and a 

signaling molecule involved in the regulation of several transcription factors sensible to stress 

such as nuclear factor erythroid 2-related factor 2 (Nrf2), activating protein-1 (AP-1), NF-κβ, and 

peroxisome-proliferator-activated receptors (PPAR), in cell proliferation, differentiation, cell 

survival, autophagy, apoptosis, and necrosis. MDA is produced as a side product by enzymatic 

processes during the biosynthesis of thromboxane A2 (Gordon et al., 2002) TXA2 is a metabolite 

of arachidonic acids metabolism formed by the action of the thromboxane A2 synthase, while it 

is non-enzymatically produced by a mixture of lipid hydroperoxides and is formed during lipid 

peroxidation. The peroxyl radical of the hydroperoxides with a cis-double bond homoallylic to 

the peroxyl group permits their facile cyclization by intramolecular radical addition to the double 

bond and the formation of a new radical. The intermediate free radicals which are formed after 

cyclization can cyclize again to form bicycle endoperoxides that are structurally related to 

prostaglandins, and undergo cleavage to produce MDA. Through non-enzymatic oxygen radical-

dependent reaction, AA is the main precursor of bicyclic endoperoxides, which then undergoes 

further reactions with or without the participation of other compounds to form MDA (Milne et 

al., 2008). 

Once formed MDA can be enzymatically metabolized or can react on the cellular and 

tissue proteins or DNA. Follows its production inside the mitochondria MDA, will move inside 

the nucleus and generate DNA adducts known as 8OHdG that induce cell damage. Various 

studies evaluate the metabolic route of MDA to cause DNA damage, it is to be postalated that 

MDA oxidation is carried out by mitochondrial aldehyde dehydrogenase that result in the 

formation of acetaldehyde, leading to the formation of ROS such as H2O2 (Siu and Draper, 
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1982). It is to be assumed that phosphoglucose isomerase plays a key role in the conversion of 

MDA to methylglyoxal (MG) that leads to the formation of D-lactate (Agadjanyan et al., 2005). 

Among various end products of lipid peroxidation, 4-HNE is one which is generated by the 

enzymatic degradation of polyunsaturated fatty acids through 15-lipoxygenases (15-LOX) 

(Schneider et al., 2001) and 15-hydroperoxyeicosatetraenoic acids (15-HPETE) produced by the 

oxidation of arachidonic acid by 15-LOX-2 (Takamura and Gardner, 1996). 

The production of 4-HNE can occur via various oxygen dependent pathways that are 

involved in the production of alkoxyl radicals, hydroperoxides, epoxides, and fatty acyl 

crosslinking reactions. Recently, Massey and Nicolaou, (2011) observed the mechanisim 

involved in the synthesis of 4-HNE during lipid peroxidation, and indicated that 4-HNE is 

involved in the β- cleavage of lipid alkoxyl radicals. Lead can induce the generation of lipid 

peroxidation products, alter the activities of antioxidant enzymes and cause changes to nucleic 

acid bases or structural damage to DNA molecules (Berrahal et al., 2011; Bizon et al., 2013 and 

Kasperczyk et al., 2012). On the other hand, 8-OH-dG is produced by the hydroxylation of the 

guanosine moiety of a nucleic acid base, and is an established marker of DNA oxidation 

(Valavanidis et al., 2009). The production of isoprostane and 8-OH-dG (Hong et al., 2013 and 

Engstrom et al., 2010) may be affected by nutrients that modulate the biological pathways for the 

generation of free radicals or influence the balance between free radicals and antioxidant 

capacity in the body. Isoprostanes can interfere with various signaling pathways inside the cell 

(Garcia-Leston et al., 2012). 

The products of lipid per-oxidation such as isoprostanes, MDA and 4 HNE may affect the 

cellular level of cytokines, (both inflammatory and non-inflammatory) matrix metallo 

proteinases (MMPs) and certain neurotransmitters. Studies have shown that lipid peroxidation is 

caused by increased level of ROS due to lead toxicity which on may interfere with cell signaling 

pathways by binding with different receptors (Tomey et al., 2007). Previous studies have 

suggested that lead toxicity may destroy RBC by a variety of pathways including by altering cell 

permeability to matrix, increase production of ROS, elevation in levels of lipid peroxidation 

products and effect on cytokines and MMP.  

2.2.2 ROLE OF ANTIOXIDANTS IN PREVENTING OXIDATIVE STRESS 

Lead-induced oxidative stress is a state in which the formation of free radicals crosses the 

upper limit, the increased level of free radicals formation may lead to per oxidation of lipid, 
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proteins and nucleotide and may result in DNA damage. The study confirmed that administration 

of anti-oxidants may decrees the happening of Pb toxicity through a variety of ways (Garcia and 

Gonzalez, 2008) by which lead decreased toxicity by 1) inhibit ROS production,2) chelating the 

Pb thus preventing further ROS formation 3) maintaining redox state, there are two types of 

antioxidants, primary (responsible for blocking initiation and propagation steps of ROS 

formation) (Vaya and Aviron, 2000) and secondary (by decreasing the rate of oxidation 

reaction). The major difference between primary and secondary is that the later do not neutralize 

ROS in its stable state (Wanasundara and shahidi, 2005). 

2.2.3 IONIC MECHANISM OF LEAD TOXICITY 

Ionic machinery of lead-induced toxicity usually due to its ability to displace other 

bivalent cations like Ca++, Mg++ and Fe++ and some monovalent ions, alter various primary 

biological pathways of the body (Lidsky and Schneider, 2003). Therefore, considerable special 

effects have been established on various basic cellular pathways including cell signaling, 

transcription activation of certain cytokines and apoptosis (Garza et al., 2006). The system for 

alternate pathway contribute to neurological effects, after replacing calcium ions, lead is able to 

cross the blood brain barrier at a considerable rate. After that, lead accumulates in the astroglial 

cells of nervous system, subsequently cause hindrance in the formation of the myelin sheath. 

Lead if present in in very minute quantity can displace calcium which in turns affect protein 

kinase C; it also have an effect on sodium ions which will have an effect on choline, dopamine 

and GABA (Bressler et al., 1999). 

2.2.4 OCCUPATION EXPOSURE OF LEAD TOXICITY 

Occupation of exposure is a major source of toxicity for lead as reported by National 

Institute of Safety and Health (NIOSH), about 3 million workers in US are exposed to lead at 

their workplaces (Staudinger and Roth, 1998). Occupation exposure is a major concern and is 

also reported by Needleman (2004). It may be due to lead-containing products, including 

surgical items, utensils, coated canes, circuit boards, plumbing material and last but not so much 

of vehicle exhaust of petroleum (Patrick, 2006). All these contribute in increasing the exposure 

for occupational, workers like welding and battery manufacturer are also at a great risk for lead 

toxicity (Sanborn et al., 2002). Exposed guardians may become a source of lead dust to their 

homes via contaminated skin and clothes which have the tendency to increase the risk of toxicity 

to the children (Watts, 2009). The increase in the rate of industrialization in the current era also 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3485653/#CIT0014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4961898/#CIT0068
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increases the chances of lead toxicity in human being by indirect sources. Lead is a common 

pollutant; children living in places with increased lead environment are at greater risks with 

elevated lead level seen (Woolf et al., 2007).  Watts, (2009) reported high levels of lead in 

children living near smelters of zinc and manganese. Rossi, (2008) reported commercial 

products, lead in air, household dust, soil and contaminated water as major sources of lead 

exposure. In case of chronic toxicity lead accumulate in bones and kidneys per US center of 

disease control and prevention (CDCP) and (WHO), blood lead level of 10µg/dL or above is still 

cause of concern but there is no standard value for lead exposure considered as safe. Therefore, 

lower level of lead may cause less damaging effects (Rossi, 2008 and Barbosa et al., 2005). A 

number of compounds are produced by lead in the environment (Grant, 2009). The toxicity and 

features are also different between organic and inorganic lead (Kosnett, 2007). Organic poising 

is very rare nowadays, because of withdrawal of organic lead compounds but some compounds 

are still used in industries may harmful and have toxic effects on the respiratory, skin and 

nervous systems. 

2.2.5 PATHO-PHYSIOLY OF LEAD TOXICITY 

Lead exposure may occur by different routes e.g. inhalation, gut absorption or through 

skin contact, about 35-40% inhaled lead dust is deposited in the lungs while 95% is transferred to 

the blood. Upon ingestion, about 15 % of lead is absorbed, but this value is high in children 

pregnant women and people with severe deficiency of iron, zinc and calcium where lead easily 

replaces these ions (Karri et al., 2008). A minute amount of lead present in the nails, hair and 

teeth is considered as non-toxic since it is unavailable to other tissues. The rate of absorption in 

adult occurs in very high amounts of about 94%, where in children it is 70%. The half-life of 

lead after initial exposure is 40 days (Patrick, 2006). This may be higher in children and 

expectant women as their bones are in developing stage, the developing bones usually undergo 

remodeling thus allow is the lead to be continually introduced into the blood stream (Barbosa et 

al., 2005). Extended experience of lead causes accumulation in bones and then released sustain 

over a long period (Grant, 2009). Along with bones other organs and tissue are also affected 

including the teeth, lungs, kidney, spleen and brain (Dart et al., 2004). Small amounts are also 

found in feces and somehow in the hairs, nails and sweat (Rubin and Strayer, 2008). Surprisingly 

it has no physiological role in human body (Wolf et al., 2007). On the other hand, it has many 

toxic effects on the body, effect of lead has also been studied on cellular and molecular levels 
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and it has been reported as damaging to the cell and its organelles (Kosnett, 2006). Lead is also 

an inhibitor of the enzyme responsible for synthesis of vitamin D and also those enzymes which 

maintain the integrity of the cell membrane, lead also interferes with RBCs where damaged RBC 

become more fragile leads to anemia (White et al., 2007). Lead also act on permeability of blood 

vessel and collagen synthesis (Needlemann, 2004). Damaged and altered activity of the cells of 

immune system result in very poor system. The development of anemia due to lead is due to 

interference of lead with an enzyme called delta aminolevulinic acis dehydratase (ALAD), which 

is of prime importance in heme synthesis (Patrick et al., 2006) Heme precursor ALA could not 

be produced due to inhibition of ALAD, which may harm the neurons (Fujita et al., 2002). A 

recent study on organic lead in the liver indicated oxidative imbalance and protein impairment 

which result in ER stress followed by liver injury (Fang et al., 2014). 

2.3 LIPID PEROXIDATION BY LEAD INDUCED TOXICITY 

2.3.1 LIPID PEROXIDATION 

Lipid peroxidation is measured as chief molecular mechanism liable in initiation of 

oxidative damage to the cell leading to cell demise. First lipid peroxidation was calculated by 

food scientists as mechanism for the spoil to alimentary fats and oil. Lipid peroxidation is a 

complex process known to occur in both plants and animal, it is involved in the propagation of 

lipid radicals, oxygen uptake, rearrangement of unsaturation and eventually destruction of cell 

membrane with the production of large number of breakdown products including alcohol, 

ketones, alkanes, aldehydes and ether (Dianzani and Barrera, 2008).  In pathological conditions 

ROS is generated at a very fast rate result if in higher rate of tochopherol than normal. The 

biological membrane of cell and organelles are constantly destroyed by lipid peroxidation 

(Chance et al., 1984). The mechanism of membrane damage by ROS is explained by sequential 

damage of irreversible oxidative damage, since oxidative stress is understood as an imbalance 

with increase in oxidants and decrease in anti-oxidants (Sies, 1991). The imbalance concept 

recognizes the physiological effectiveness of the oxidant defense in maintaining both oxidative 

stress and cellular damage at a minimum level in physiological conditions (Boveris et al., 2008). 

Molecular oxygen quickly adds the carbon centered radical, yielding lipid peroxyl 

radical; decay of lipid peroxide is catalyzed by transition metal resulting in alkyl or hydroxyl 

radicals. These are involved in a chain reaction leading to initiated lipid peroxidation, which in 

role subtract one or more hydrogen from PUFA, this step is termed as propagation presentation 
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one leading to alteration of numerous PUFA to lipid hydroperoxides. The resulting fatty acid is 

stabilized by rearrangement into conjugated diene that retain the more stable products including 

hydro peroxides (Halliwell and Gutteridge, 1984). Reduced iron complexes counter with lipid 

peroxide to award alkyl radicals, whereas oxidized iron react more gradually, both radicals can 

take part in propagation of a chain reaction. The end product of this reaction includes cytotoxic 

aldehyde and hydrocarbon gases. In a state when lipid per oxidation is constantly initiated, it can 

give rise to radical reinitiating lipid peroxidation by redox cycling. Lipid peroxidation causes 

reduction in membrane fluidity and protection system of the cell (Fridovich and Portes, 1981). 

2.3.2 LIPID PEROXIDATION PRODUCTS 

Oxidative degradation of unsaturated fatty acids produces several aldehydes. When 

compared with free radicals aldehyde have significant properties since they are highly stable and 

can easily diffuse out of the cell. To date, 32 aldehydes have been identified which were 

generated as a result of lipid peroxidation; saturated aldehydes, 2,3-trans-unsaturated-aldehydes, 

a series of 4-hydroxylated,2,3-trans-unsaturated aldehydes, 4-hydroxyundecenal, where 4-

hydroxinonenal (HNE) is the most important quantitatively. Among all malonyldialdehyde 

(MDA) was considered as the most important metabolite of lipid peroxidation whereas it is not 

toxic in nature. MDA is generated in the mitochondria by the oxidative stress of the body that 

will inhibit the activity of antioxidants and will generate high quantity of ROS (Esterbauer et al., 

1991 and Esterbauer, 1996). High amounts of lipid peroxidation in the body will induce high 

oxidative stress, MDA, 4-HNE and isoprostanes are the end products of lipid peroxidation that 

leads to activation of several inflammatory cytokines causing cellular injury. High concentrations 

of MDA will move inside the nucleus and will directly affect DNA that results in the formation 

of DNA adducts known as 8-OHdG (Sies, 1991a; Sies, 1991b and Catala, 2006). 

Lipids also behave as signaling molecules; where several enzymes are involved in the 

generation of these signal modulators known as lipoxygenase which initiate biosynthesis of 

several molecules and compounds lipoxins, hydroperoxyeicosatetraenoic acids (HPETEs), 

leukotrienes after oxidation of arachidonic acid (Malekirad et al., 2010 and Bizon et al., 2013). 

Prostaglandins and cytochrome P-450 (CYP-450) that are synthesized by cyclooxygenase 

generates leukotoxins, thromboxane and epoxyeicosatrienoic acids (Massey and Nicolaon, 

2011). It is known that lipid signaling may be initiated by G protein-coupled receptors (GPCR). 

Signaling lipids are the products from the degradation of phosphatidylinositol phosphates (PIP), 
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inositol phosphates (IPs) and diacylglycerol (DAG). In physiological condition DAG is believed 

to be the activator of protein kinase C (Jornayvaz and Shulman, 2012 and Giorgi et al., 2010) 

and a major factor involved in the proliferation and propagation of the cell known as nuclear 

factor-kβ (NF-κβ). Small G proteins were also activated by DAG (Yang and Kazanietz, 2007). 

IPs are ancestors of lipid-derived metabolites, these are involved in activation of several 

apoptotic proteins known as Akt, mTOR (Baumann et al., 2013), and calcium-homeostasis 

(Conway and Miler, 2017); (ii) sphingosine-1-phosphate, a sphingolipid that is derived from 

ceramide is a strong potent molecule that have a major role in the mobilization, migration, 

proliferation, regulating calcium and adhesion (Takuwa et al., 2012); (iii) The major molecules 

that are involved in inflammation and immunity (Kalinski, 2012) are prostaglandins, which are 

one type of fatty-acid derived (Aoki and Narumiya, 2012); (iv) phosphatidylserine, a type of 

phospholipid plays crucial role in various signaling pathways (Kay and Grinstein, 2013) (v) the 

steroid hormones and sex hormones such as cortisol, estrogen and testosterone that plays a key 

role in reproduction, inflammation, stress response and in the homeostasis of the body (Pluchino, 

2013). . 
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3.0 MATERIALS AND METHODS 

3.1 SOURCE OF DATA 

The present study was designed to evaluate the role of stress and inflammatory 

biomarkers in lead toxicity-induced anemia. Three hundred and seventeen traffic wardens who 

were highly exposed to traffic exhaust for at least five years with hemoglobin (Hb) level less 

than 10 µg/dl were taken as subjects. Hundred traffic wardens who perform their duty inside the 

offices were taken as control. Traffic wardens with any congenital disease i.e., AIDS, HCV, 

cancer or any kind of diabetes were excluded out of the study. Before the start of this study an 

informed consents were taken. Protocols followed to perform the biochemical assays were 

approved by the Research Ethical Committee of The Institute of molecular biology and 

biotechnology (IMBB), The University of Lahore. Blood sample was drawn from each 

participant from their cubital vein, centrifuged within an hour and stored at -70˚C under specific 

vials. 

3.2 INCLUSION CRITERIA 

Subjects performing their duty in traffic exhaust for more than five years and have 

hemoglobin (Hb) level less than 10 µg/dl were included in the present study. 

3.3 EXCLUSION CRITERIA 

Subjects having any congenital disease such as AIDS, Hepatitis C, cancer or any kind of 

diabetes were excluded from the study. 

3.4 CHEMICALS 

Chemicals such as MDA, TBA, Acetic acid, glacial acetic acid, Nitro blue tetrazolium, 

SOD, H2O2, n-Hexane, Butane, SDS and Phosphate buffer were purchased from 

sigma/Invitrogen Chemical Co. (St. Louis, Mo, USA). 

3.5 BIOCHEMICAL ASSSAY PERFORMED 

3.5.1 ESTIMATION OF CATALASE (CAT) 

Aebi, (1974) spectrophotometric method was used to measure the activity of Catalase 

from serum and the absorbance taken at 230 nm. The protocol contains the following chemicals 

Phosphate buffer (50 mM) and 30 mM H2O2  

Serum sample (100 µl) was added in the cuvette. After that 1.9 mL of phosphate buffer 

was added and at the end reaction was started by the addition of 30 mM H2O2 chemicals. The 

results were compared against known CAT by generating the standard curve. 



CHAPTER THREE   MATERIALS AND METHODS 

WAQAS, 2017 

42 

 

3.5.2 ESTIMATION OF THIOBARBITURIC ACID REACTIVE SUBSTANCES 

(TBARS) 

Ohkawa et al. (1979) method was used to assess the levels of MDA in serum for 

evaluating lipid peroxidation. The protocol requires following chemicals. 

  200 μl of 8.1% SDS, 1.5 ml of acetic acid (20%) and 1.5 ml of TBA (0.8%) and 4 ml of 

n-butanol  

Serum sample (200 μl) was added in the test tube then 200 μl SDS. After that 1.5 mL of 

20% acetic acid with pH of 3.5, then 1.5 mL of TBA was added. The mixture was made up to 4 

ml by adding 600 μL and put in the water bath for 90°C for 1 hour. After cooling under the tap 

water 5 ml of n-Butanol was added and the mixture was centrifuge at 4000 rpm for 10 min. After 

centrifugation the absorbance is taken at 532 nm and the results were generated by comparing it 

with known MDA by generating standard curve. 

3.5.3 ESTIMATION OF SUPEROXIDE DISMUTASE (SOD) 

Kakkar, (1984) method was used to determine the levels of Superoxide dismutase (SOD). 

The required samples to perform this protocol are following: 

Sodium phosphate buffer (1.2 ml; pH 8.3; 0.052 M), phenazinemethosulphate (0.1 ml; 

186 μM), nitro blue tetrazolium (0.3 ml; 300 μM) and NADH (0.2 ml; 750 μM), glacial acetic 

acid (0.1 ml) and 4.0 ml of n-butanol. 

To estimate the levels of SOD 100 μl of sample was added in the test tube, after that 1.2 

ml of sodium phosphate buffer with pH of 8.3, was used then, 100 μl phenazine methosulphate, 

nitro blue tetrazolium. Then 200 μl NADH, was added and the test tube was incubated at 30°C 

for 90 sec. Then glacial acetic acid was added to impede this reaction. After centrifugation, the 

absorbance was taken by spectrophotometer at 560 nm and was compared against a known SOD 

by generating a standard curve. 

3.5.4 ESTIMATION OF REDUCED GLUTATHIONE (GSH) 

Moron et al, (1979) method was used to measure the levels of GSH in serum. When 

glutathione reacts with Ellman’s reagent chromophore TNB (absorbance at 412 nm) and 

oxidized glutathione (GSSG) are formed. GSH was calculated by adding up the oxidized and 

reduced form of GSH. The concentration of GSH in unknown sample is estimated by using a 

standard curve based on several standards of GSH (Tietze, 1969). 
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3.5.5 ESTIMATION OF GLUTATHIONE REDUCTASE (GR) 

The levels of glutathione reductase (GR) were measured via the method of David and 

Richard, (1983). The assay system contained 0.1 ml of serum, 1ml of 0.12M Potassium buffer, 

0.1 ml of 15 mM EDTA, 0.1 ml of 10 mM sodium azide and 0.1 ml of 6.3 mM oxidized GSH 

were added and the volume was made up to 2 ml with water. The mixture was kept at room 

temperature for three minutes and 0.1 ml of NADPH was added. The absorbance was recorded at 

340 nm with 15 seconds intervals for 2 to 3 minutes. A unit of GR is expressed as μM of 

NADPH oxidized/ minute/gram sample. 

3.5.6 DETERMINATION OF GLUTATHIONE PEROXIDASE (GPx) 

The levels of GPx can be estimated with the help of spectrophotometer. Sodium azide 

solution was used. GPx solution 0.1 along with GSH were added into the NADPH vial. It was 

then mixed by inversion and its pH was maintained 7.0 at 25oC with 1 M HCl. Finally, 48 mM 

sodium phosphate, 0.38 mM ethylene diamine-tetra acetic acid, 0.95 mM sodium azide, 0.12 

mM NADPH, 3.2 units of GPx and 0.075 to 0.15 units of GSH added to the vial. After 5 minutes 

absorbance was measured at 340 nm (Aebi and Bergmeyer, 1983). 

3.5.7 DETERMINATION OF NITRIC OXIDE (NO) 

Nitric Oxide was determined in the group of anemic patients. NO is produced in the 

response of cells in picomolar and nanomolar ranges and are believed to have a very short half-

lives (t1/2 <5s) in biological fluids; therefore, their direct assessment is difficult while they are 

estimated in the mean of NO2¯ and NO3¯ they are performed to estimate NO level in serum 

(Bredt and Snyder, 1994). Nitrite concentration is typically measured by a well-known method 

known as colorimetric Griess assay (Bredt and Snyder, 1994). Sulfanilic acid is quantitatively 

converted to a diazonium salt and the reaction was carried out by reacting nitrite in acid solution. 

The diazonium salt is then coupled to N-(1-naphthyl) ethylenediamine, which form a dye which 

is then measured at 548 nm with the help of spectrophotometer followed by quantification. 

3.5.8 ESTIMATION OF VITAMIN E 

Vitamin E was assessed in the samples by the Emmerie-Engel reaction as stated by 

Rosenberg, (1992). Emmerie-Engel reaction is based upon a specific phenomenon i.e., the 

conversion of ferric to ferrous by the action of serum with 2, 2’-dipyridyl and the reaction will 

generate a red color. The absolute alcohol, xylene, 2,2-dipyridyl, ferric chloride solution and 
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standard solution were used to perform the protocol. Serum (1.5 ml) waas taken in a test tube, 

then 1.5 ml of ethanol, 1.5 ml of xyene, then 1 ml of dipyridyl reagent were mixed well and the 

absorption taken after the addition of ferric chloride solution at 520 nm.  

3.5.9 ESTIMATION OF VITAMIN C 

 Vitamin C was measured through the method of Roe and Keuther, (1943). Reagents and 

chemicals required for this protocol are following. 

 DTC reagent, 10% TCA, 65% H2SO4 and standard ascorbic acid, 

 Serum (1 ml) was added in a test tube and then 1 ml of 10% TCA added in it. The 

mixture was centrifuged for 20 min at 3500 rpm, incubated for 3 hours at 37°C then H2SO4 

(65%) was added. The reading was taken at 520 nm on spectrophotometer.  

3.5.10 DETERMINATION OF VITAMIN A 

Vitamin A was measured by a spectrophotometer method as an component of 

pharmacopeial preparation as approved in the 1956 IUPAC US Pharmacopeial Forum 

(Lawrence-Evans, 2015). The Chemicals and reagents used for this protocol are; sponification 

mixture, petroleum ether, anhydrous sodium phosphate, chloroform, vitamin A palmitate and 

TCA reagent.  The whole protocol was carried out in the dark to avoid any contamination from 

the light. 1 ml os sample added in test tube, then 1 ml of saponification mixture, 200 μl 

petroleum ether, 100 μl sodium phosphate buffer then TCA and heated at 60°C for 20 min then 

cooled it by adding 20 ml of water. Centrifuged it at 3000 rpm for 10 min and reading was taken 

at 532 nm. 

3.5.11 ESTIMATION OF MMP-1, 2, 3, 8 AND 9 

Matrix metalloproteinases (MMPs) belong to the family of endopeptidases that can digest 

extracellular membrane (ECM) and process bioactive mediators. Depending on their normal and 

pathological capabilities they include embryogenesis, wound healing, inflammation, arthritis and 

cancer. Commercially-available ELISA kit by The SensoLyte was used for continuous 

spectrophotometric assay of MMPs activity, which included MMP-1, 2, 3, 8 and 9. According to 

the provided protocol the absorbance was measured at 412 nm of the final product and the level 

of MMPs were expressed in nanograms. 

3.5.12 ESTIMATION OF IL-4, 6, 10, 13 AND 17 

The levels of interleukins- 4, 6, 10, 13 and 17 were measured using an ELISA kit 

purchased from Glory science Co., Ltd. ELISA Kits (96 wells) were used to perform the 
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protocol. The sample was stored in -80°C after centrifugation at 4000 rpm for 10 min. All the 

samples were performed duplicate for the accurate results. The protocol was performed by the 

method provided by the manufacturer. First step was to make standard solution, then prepare 

sample and add 40 μl of serum samples in each well, incubate for 30 min, after that add stop 

solution to stop the reaction and reading was taken at 450 nm at spectrophotometer.  

3.5.13 ESTIMATION OF TUMOR NECROSIS FACTOR-ALPHA (TNF-α) 

TNF-α was assessed with commercially available Abcam ELISA kit provided. The 

subsequent kit is designed for the quantitative TNF- α measurement in supernatants, plasma 

samples, serum, and buffer solutions. For this purpose, monoclonal antibody specific TNF-α has 

been encrusted onto the microtiter strips wells provided. Samples are added and the reaction was 

commenced by the addition of the appropriate quantity of following reagents in these wells. 

When they were incubated for the first time, monoclonal antibodies were incubated along with 

them. Afterwards, they were washed and enzyme Streptavidin-HRP was added which attaches 

and illuminates it was again incubated followed by washing. A substrate solution was added 

which performs on the bounded enzyme to persuade a colored reaction product. This colored 

product intensity is directly proportional to the TNF- α concentration present in the samples. And 

finally, the absorbance was calculated via ELISA reader. 

3.5.14 ESTIMATION OF BILIRUBIN 

 Bilirubin was measured by using commercial ELISA kit of XpressBio. 100 μl samples 

were added in each well, then 10 μl balance solution, 50 μl of conjugate, mix well, take the 

absorbance at 450nm. Standard dilutions of bilirubin were also observed by comparing the 

absorbance with standard.  

3.5.15 ESTIMATION OF LEAD (Pb2+), IRON (Fe2+) and CALCIUM (Ca2+) 

 Lead (Pb), Iron (Fe2+) and Calcium (Ca2+) were measured by atomic absorption 

spectroscopy (Stafilov and Dragica, 2002). 1 ml of sample was taken in test tube, then 80 μl of 

HNO3 was added, and significant levels of spike were prepared and absorption was taken. 

3.5.16 ESTIMATION OF C-REACTIVE PROTEINS (CRP) 

 For the determination of CRP, used reagent employs turbid metric method by using 

Synchron® ELISA Kit. In the reaction, C-reactive protein are allowed to combine with the 

specific antibody to form insoluble antigen-antibody complexes. The employed immune 

complexes causes increased scattering of light which is determined proportional to the 
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concentration of CRP in serum. The scattering of light is measured by taking its absorbance at 

570nm. The CRP concentration is determined from a calibration curve developed from CRP 

standards of known concentration. 

3.5.17 ESTIMATION OF GLYCINE AND SERINE 

 Amino acids are normally measured through spectrophotometer because of having 

aromatic structure (tryptophan, tyrosine, and phenylalanine) with other 19 amino acid were 

measured using Amino acid analyzer using UV/VIS spectrophotometer. Following reagents were 

used to construct derivatives of aliphatic amino acids. 

- Ninhydrin  

- OPA (ortho-phthalaldehyde)  

- PITC (phenylisothocyanate)  

- FMOC (fluorenylmethoxycarbonyl chloride)  

3.5.18 ESTIMATION OF ALAD, ALAS, FERROCHELATASE and GLUCOSE 6-

PHOSPHATE DEHYDROGENASE 

 Aminolevulinic acid dehydratase (ALAD), aminolevulinic acid synthase (ALAS), 

ferrochelatase and glucose 6-phosphate dehydrogenase (G6PD) were measured using ELISA Kit 

(Abcam). 96 well ELISA kit was used. Firstly select wells for standard curve dilution, sample 

and blank. Add 100 μl of sample in each well, add reagent A (100 μl) provided with the ELISA 

Kit, add 100 μl of reagent B, then 90 μl of substrate solution and 50 μl of stop solution and 

absorbance was taken at 450 nm.  

3.5.19 ESTIMATION OF 8-HYDROXY DEOXYGUANOSINE (8OHdG) 

 In this experiment, samples and 8-hydroxy-2’-deoxyguanosine was prepared in sample 

diluent, after that 50 µl of standard and sample in duplicate were added in the wells of 8-OHdG 

immunoassay plate and incubated it at room temperature for 1 hour. 6x wells were washed using 

300 µl wash buffer then added Diluted Anti-Mouse IgG: HRP conjugate to each well except 

blank and then plate was covered and incubated for 1 hour at room temperature. 6x wells were 

washed using 300 µl wash buffer then added 100 µl TMB substrate to each well and incubated at 

room temperature for 15 minutes. Then 100 µl of stop solution 2 was added to each well. 

Absorbance was taken at 450 nm. 8-OHdG standard curve was plotted and 8-OHdG sample 

concentration was calculated. 
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3.5.20 ESTIMATION OF 4-HYDROXY NONENAL (4-HNE) 

4-HNE was estimated using ELISA Kit (Enzo Pharma, USA). Prior to start the 

experiment, all the reagents were prepared according to manufacturer instructions. Afterwards, 

50 µl of serum sample was added to each of the well followed by 100 µl of conjugate reagent. 

Then 50 µl of chromogen solution A and solution B were added to the all standard and sample 

wells, successfully. Finally, 50 µl of stop solution was added to each well to terminate the 

reaction and the absorbance was recorded at 450 nm using the microplate reader.  

3.5.21 DETERMINATION OF ISOPROSTANES 

For the estimation of Isoprostane its 8-Isoprostane EIA standard was added in every test 

tube. About 50 µl sample and 8-isoprotane AChE Tracer was added in each well. Afterwards 8-

isoprotane EIA antiserum was added in them. Plates were then covered with the thin plastic film 

and were allowed to stand for 18 hours at 4oC. These wells were then emptied and rinsed with 

wash buffer for five times. Then about 200 µl of Ellman’s reagent and 5 µl of tracer were added 

into it. Finally wavelength was recorded at 405-420 nm (Maxey et al., 1992). 

3.6 STATISTICAL ANALYSIS 

 All of the statistical analysis was performed using SPSS version (16.0 or later). 

Performed tests were Independent T-test in Mean±SD where (P <0.05) was considered 

significant. 
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4.0 RESULTS 

 Among 417 traffic wardens 100 were controls who performed their duty in the offices 

and 317 were from the city traffic police who were highly exposed to the traffic exhaust. The 

data present in the table 1 illustrates the demographic, hematological profile and blood pressure 

in traffic wardens and there have been no statistically significant differences between AGE, 

working year, Body Mass Index (BMI) and platelets in the individual at post in traffic (outdoors) 

and the ones at post in the offices (indoors). The mean weight and age of the anemic traffic 

wardens were (79.67±3.78) and (30.65±3.98) as compared to healthy controls (72.78±4.56) and 

(31.97±4.26) respectively. The mean BMI levels were non-significantly increased in healthy 

controls was 22.76±4.78 as compared to controls (23.87±4.99). The systolic and diastolic blood 

pressure of highly exposed anemic traffic wardens were slightly higher (125.26±6.55 and 

84.26±4.22) as compared to controls (119.29±3.88) and (80.59±2.16) respectively. An abrupt 

decrease in the levels of RBC has been recorded in subjects (3.87±0.87) as compared to controls 

(6.76±0.89). Table 1 also depicts that mean WBC levels were non-significantly increased in 

highly exposed traffic wardens 9.99±0.98 as compared to controls (8.51±0.75). Decrease level of 

hemoglobin has been observed in subjects 10.87±1.44 as compared to controls 14.99±1.98. The 

mean platelets, hematocrit and neutrophils count was 285±3.87, 41.76±4.65 and 71.66±6.26% as 

compared to subjects 299.87±4.88, 51.87±5.66 and 111.98±5.84% respectively.  

 Some complaints according to the questionnaires were present in the table table 32. Table 

two depicts that anemic traffic wardens who were highly exposed to traffic exhaust have 

different other complaints as well. None of them expressed that they had any chronic illness. 

Among 317 traffic wardens 41 were suffered from stomach ache that were 12% from the whole. 

156(49.21%) traffic wardens complaint about insomnia. Significantly high quantity 201(63.41%) 

and 259(81.70%) of traffic wardens show muscle fatigue and weakness respectively with anima. 

During the examination 56(17.66%) traffic wardens complaint about constipation and 

48(15.14%) were suffered from lack of appetite. A severe pain has been examined that was the 

symptom of Colic disease was observed in 21(6.62%) individuals among 317 anemic traffic 

wardens. Questionnaires describes that 14(4.41%) patients were suffered from nausea and 

8(2.52%) patients were suffered from vomiting. 
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4.1 LEVELS OF BIOCHEMICAL STRESS MARKERS IN ANEMIC TRAFFIC 

WARDENS 

 The data present in the Table 3 depicts that antioxidative profile of anemic traffic 

wardens plays a crucial role in the pathogenesis and progression of the disease. Levels of MDA 

were significantly increased (4.59±0.47 nmol/ml, p=0.011) in highly exposed traffic wardens as 

compared to controls (1.39±0.39 nmol/ml). ROS and reactive nitrogen species seems to play a 

very crucial and destructive role in the development of the disease as reflected by the profile of 

enzymatic and non-enzymatic antioxidants specifically GSH (μg/ml), CAT (μmol/mol Prot.), 

GPx (U/L) and SOD (μg/ml). All the aforesaid variables significantly decreased in subjects as 

compared to controls as illustrated in the table 3. The levels of SOD significantly decreased 

(0.43±0.06 μg/ml, p=0.037) in the diseased groups as compared to healthy controls (1.56±0.08). 

Significantly decline in the levels of CAT was observed in highly exposed traffic wardens 

(1.87±0.48nmol/mol Prot., p=0.019) as compared to controls (3.99±0.72nmol/mol Prot.). GSH is 

non-enzymatic antioxidants plays an important role in depletion of ROS. Significantly decreased 

in the levels of GSH has been observed in traffic wardens that were highly exposed to traffic 

exhaust (3.09±1.26μg/ml, p=0.038) as compared to controls (11.98±2.38μg/ml) those performed 

their duty in offices. GPx plays crucial role in oxidative stress decrease level of GPx resulted in 

oxidative stress leading to several diseases in the body. Table 3 presented significantly decreased 

level of GPx in diseased patients (4.87±0.84U/L, p=0.046) as compared to normal healthy 

individuals (7.77±1.24U/L). In contrast to GPx levels of GR significantly increased in anemic 

traffic wardens (2.39±0.26U/L, p=0.028) as compared to healthy traffic wardens 

(1.45±0.13U/L). As far as level of nitric oxide (NO) was concerned, this variable shows highly 

significant difference among controls and subjects. Higher level of NO has been observed in 

diseased traffic wardens (53.22±5.74μmol/L, p=0.022) as compared to healthy controls 

(18.78±2.54μmol/L). Increased level of NO depicts higher level of RNS in the body that leads to 

increased ROS and resulted in oxidative stress in the body. Lipid peroxidation is caused by the 

direct effect of ROS to the lipid present in the membrane of the cell and other organelles; it is 

three phase reaction that generates several by products such as 8OHdG and 4-HNE. Table 3 

depicts significantly increased level of 8OHdG and 4-HNE in diseased patients 

(14.29±2.59ng/ml, p=0.024) and (4.29±0.56mmol/L, p=0.000) as compared to normal controls 

(3.09±0.956ng/ml) and (0.27±0.01mmol/L) respectively.  



CHAPTER FOUR   RESULTS 

WAQAS, 2017 

 

51 

 

4.2 LEVELS OF AMINOACID AND MINERAL PROFILE AMONG ANEMIC TRAFFIC 

WARDENS  

 Table 3 describes various variable related to mineral profile and amino acid that have 

significant importance in the diagnosis and progression of anemia. According to table 3 blood 

lead level (PB(B)) of anemic traffic wardens varied between 26-33μg/dl. Lead enters the body 

through different routes it can enter through inhalation or ingestion. Inside the body lead 

competes with other minerals or metals to enter in the cell.  For the traffic wardens who were 

highly exposed to the traffic environment for more than five years the blood lead level was 

(29.76±3.76μg/dl) that was significantly higher (p=0.039) than healthy traffic wardens the ones 

posts in offices (1.54±0.169μg/dl). In contrast to lead (Pb+) levels of Iron (Fe+) significantly 

reduced because lead replaces iron and binds with transferrin receptor. Table 3 presented that 

level of iron (Fe+) significantly reduced in diseased patients (71.29±2.23μg/dl, p=0.042) as 

compared to healthy controls (98.19±4.18μg/dl). Calcium (Ca+) is one of the most important 

mineral present in the body, it plays an important role in cell signaling and various pathways 

were initiated with the help of calcium. Decreased in the level of Ca+ resulted in the inhibition of 

various beneficial pathway involved in the biochemistry of human body. Table 3 depicts 

significant decrease in the level of calcium in anemic traffic wardens that were highly exposed to 

traffic environment (6.29±1.21mg/dl, p=0.016) as compared to healthy traffic wardens 

(9.99±2.08mg/dl). During anemia lead competes with calcium and does not allow the calcium to 

enter in the cell through calcium channel. Serine and Glycine are most important amino acid 

involved in the production of heme. Serine is a non-essential (produced in the body) amino acid, 

is involved in the production of purines, pyrimidines and various other amino acids as well such 

as Glycine. Serine is synthesized by binding of erythrose-4-P with glyceraldehyde-3-P. 

Decreased in the level of erythrose-4-P resulted in decrease count of Serine and that leads to 

decreased production of Glycine. Table 3 depicts significant decrease in the levels of Serine and 

Glycine among diseased traffic wardens (44.19±3.09μmol/L, p=0.007) and (65.19±3.38μmol/L, 

p=0.000) as compared to healthy controls (132.58±4.19μmol/L) and (195.26±5.19μmol/L). 

4.3 LEVELS OF ENZYMES INVOLVED IN HEME SYNTHESIS AMONG ANEMIC 

TRAFFIC WARDENS 

 The data regarding different enzymes involved in synthesis of heme is presented in table 

3 clear cut illustrates the potential role in disease progression and development. The levels of 
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different enzymes were examined and it has been observed their level significantly decreased in 

traffic wardens that were highly exposed to the traffic exhaust. Traffic exhaust contains different 

metal and one of them is lead that plays significant role in the development of lead. Lead stored 

in the different compartments of the body and highest amount of lead is present in bone marrow 

where the process of heme synthesis occurs. Lead directly inhibits the enzyme that was involved 

in the heme synthesis and cause anemia. ALAD, ALAS and Ferrochelatase are the enzymes 

present in bone marrow involved in the heme synthesis. Results of present study depicts 

significant decreased in the levels of aforesaid enzymes in highly exposed traffic wardens 

(11.09±1.87U/L, p=0.017) (24.26±4.26U/L, p=0.003) and (1.09±0.457ng/ml, p=0.046) as 

compared to healthy controls (19.45±2.65U/L) (53.71±5.26U/L) and (4.29±1.05ng/ml). Another 

enzyme that plays an important role in heme synthesis is G6PD that is present in pentose 

phosphate pathway, it converts glucose 6-phosphate into 6-phosphogluconolactone that generates 

erythose 4-P after series of reaction. According to table 3 decrease in the level of glucose 6-

phophate dehydrogenase leads to decrease in the production of erythrose 4-P that is the substrate 

in the production of heme. Table 3 depicts that there was a significant decreased in the level of 

G6PD in traffic wardens that were high exposed to the traffic exhaust (2.09±0.37U/L, p=0.008) 

as compared to healthy controls (17.26±1.99). 

4.4 LEVELS OF DIFFERENT VITAMINS IN ANEMIC TRAFFIC WARDENS 

 The data related to different vitamins demonstrated in table 3 displayed a clear picture 

regarding their potential role involved in progression and aggravation of anemia in traffic 

wardens. Vitamin A and E are fat soluble vitamins whereas vitamin C is water soluble vitamin, 

all these are power antioxidant. These show significant response in stress condition. The levels of 

different vitamins were measured with their respective protocols. According to table 3 a 

significant decrease has been detected the levels of vitamin-A, vitamin-C and Vitamin-E in 

diseased traffic wardens (411.98±18.94mg/g, p=0.012), (0.21±0.034mg/g, p=0.013) and 

(0.15±0.015, p=0.021) as compared to controls (566.64±23.64mg/g) (0.33±0.041mg/g) and 

(0.20±0.01mg/L). 

4.5 LEVELS OF DIFFERENT CYTOKINES AND INFLAMMATORY MARKERS IN 

ANEMIC TRAFFIC WARDENS 

 The role of inflammatory cytokine and variables was generated as medically potential 

diagnostic variables and used to establish the degree of disease severity, stage and treatment 
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protocols. The data obtainable in table 3 describes various cytokines and inflammatory markers 

that have a potent role in the proliferation of anemia. C-Reactive protein (CRP) is significant 

inflammatory markers, formed by the liver in response to inflammation. Significantly increased 

level of CRP has been observed in the subjects that were infected by anemia (3.27±0.165mg/L, 

p=0.032) as compared to normal healthy traffic wardens (1.88±0.13). The data present in table 3 

regarding examine inflammatory interleukins (IL) such as (IL-4, IL-6, IL-10, IL-13) depicted 

that these are non-inflammatory cytokines and these activate the allergic hypersensitivity. As far 

as IL-17 is concerned it was categorized in inflammatory cytokine. According to the table 3 

significant elevations in the levels of interleukins (IL-4, IL-6, IL-10, IL-13 and IL-17) has been 

observed in diseased group (7.19±1.22pg/ml, p=0.034), (11.29±2.31pg/ml, p=0.017), 

(7.19±1.07pg/ml, p=0.018), (6.29±1.55pg/ml, p=0.013) and (17.19±3.09pg/ml, p=0.015) parallel 

to age and sex matched healthy controls (1.86±0.95pg/ml), (7.19±1.25pg/ml), 

(4.28±0.532pg/ml), (2.13±0.58pg/ml) and (8.19±1.08pg/ml) respectively. Matrix 

metallopeptidase 1 (MMP1) is commonly known as interstitial collagenase and fibroblast 

collagenase, is an important enzyme encoded by MMP1 gene. It plays key role in collagen 

catabolic process, proteolysis, leukocyte migration and positive regulation of protein 

oligomerizarion. During normal physiological condition MMP1 is used for the degradation of 

extracellular matrix (ECM). Data related to MMP present in table 3 depicts the prognostic 

importance and provides clear cut image in progression of lead induced anemia. Elevated levels 

of MMP-1 have been examined in traffic wardens that were highly exposed to traffic exhaust 

(88.65±11.56ng/ml, p=0.022) as compared to normal controls (33.65±2.56ng/ml). Matrix 

metallopeptidase 2 is also known as 72 kDa IV collagenase, it plays key role progression of 

several diseases such as anemia and arthritis. Data present in table 3 depicts that levels of MMP-

2 significantly increased in diseased traffic wardens that were highly exposed to traffic 

environment (105.56±8.65ng/ml, p=0.018) as compared to healthy traffic wardens the ones at 

posts in the offices (45.36±11.65ng/ml). MMP-3 is also involved in the degradation of 

extracellular matrix. All the MMP were released in inactivated form these get activated after the 

degradation of extracellular membrane. Data presented related to MMP-3 in the table 3 describes 

the role in the progressive development of anemia in traffic wardens. A significant elevated level 

of MMP-3 has been observed in the diseased traffic wardens (37.29±5.29ng/ml, p=0.010) as 

compared to normal control group (17.19±4.61ng/ml). MMP-8 is also known as neutrophil 



CHAPTER FOUR   RESULTS 

WAQAS, 2017 

 

54 

 

collagenase, is a collagen cleaving enzyme which is present in connective tissues of most 

mammals. According to table 3 there was significantly increased level of MMP-8 has been 

observed in the subjects (99.11±6.03ng/ml, p=0.045) as compared to normal controls 

(29.65±3.21ng/ml). Data present related to MMP-9 and MMP-13 in table 3 describes the 

significant importance of the variables in the progression of anemia in traffic wardens who were 

highly exposed to traffic exhaust. Table 3 depicts significant increase in the levels of MMP-9 and 

MMP-13 in diseased traffic wardens (205.65±7.11ng/ml, p=0.018) (168.01±7.13ng/ml, p= 

0.009) as compared to healthy (45.35±8.19ng/ml) (41.65±2.99) respectively. Data related to 

TNF-α demonstrated in table 3 portrayed a definite image regarding its vibrant effect in 

aggravation and proliferation of anemia. The level of TNF-α differs significantly presented with 

lower level in diseased group (6.199±1.006pg/ml, p=0.014) as compared to healthy controls 

(2.09±0.816pg/ml). TNF-α is a stimulus for the initiation of NF-κβ that leads to cause 

transcription of various apoptotic proteins that cause cell death. 

4.6 LEVELS OF BILIRUBIN AND ISOPROSTANES IN ANEMIC TRAFFIC WARDENS 

 Data present related to bilirubin and isoprostanes in table 3 describes their role in the 

progression and development of anemia, these variables also play a key role in diagnosis of 

anemia. Bilirubin is the primarily breakdown product of hemoglobin, heme, from senescent red 

blood cell. During the phase of hemolysis level of bilirubin gets increased. An enzyme heme 

oxidases present in the liver and spleen that plays an important role in the production of bilirubin 

from heme. Increased level of bilirubin is significant diagnostic factor for hemolysis. Data 

present in table 3 shows significant elevated level of bilirubin in the diseased traffic wardens 

(4.21±1.006mg/dl, p= 0.011) as compared to healthy traffic wardens (1.05±0.165mg/dl). 

Isoprostanes are prostaglandins like compound, generated as byproduct in the process of lipid 

peroxidation. Elevated level of isoprostane is a significant marker for lipid peroxidation and 

oxidative stress. Table 3 depicts significant elevation in the diseased traffic wardens those were 

performing their duty in traffic exhaust (37.26±5.09pg/ml, p=0.019) as compared to traffic 

wardens those were performing their duty in office (13.09±3.22). 

 

 

 

 



CHAPTER FOUR   RESULTS 

WAQAS, 2017 

 

55 

 

TABLE-1 DEMOGRAPHIC AND HEMATOLOGICAL VARIABLES IN ANEMIC TRAFFIC POLICE 

WARDENS 

 

VARIABLES CONTROL (n=100)   SUBJECT (n=317) P VALUE 

AGE (YRS) 31.97±4.26 30.65±3.98 0.235 

WEIGHT (Kg) 72.78±4.56 79.67±3.78 0.936 

BMI 22.76±4.78 23.87±4.99 0.118 

Working Years 7.59±1.06 8.26±2.04 0.566 

Systolic blood pressure (mmHg) 119.29±3.88 125.26±6.55 0.042 

Diastolic blood pressure (mmHg) 80.59±2.16 84.26±4.22 0.039 

RBC (million cells/µl) 6.76±0.89± 3.87±0.87 0.055 

WBC (million cells/µl) 8.51±0.75± 9.99±0.98 0.039 

HB (g/dl) 14.99±1.98 10.87±1.44 0.014 

PLT (K/Ul) 285±3.87 299.87±4.88 0.234 

HCT (%)  41.76±4.65% 51.87±5.66% 0.033 

NEUTROPHILS (%) 71.66±6.26% 111.98±5.84% 0.007 

RBC: Red blood cells; WBC: White blood cells; Hb: Hemoglobin; PLT: Platelets; Hct: Hematocrit, BMI: Body 

mass index 

 
TABLE:2 HEALTH COMPLAINTS OF TRAFFIC WARDENS (n=317) 

 

COMPLAINTS (n=317) Controls Patients % 

Stomach ache  No Yes 12 

Insomnia  No Yes 49.21 

Weakness  No Yes 63.41 

Fatigue  No Yes 81.70 

Constipation  No Yes 17.66 

Lack of appetite  No Yes 15.14 

Colic  No Yes 6.62 

Nausea  No Yes  4.41 

Vomiting  No Yes 2.52 

 

 

 

 

 

 

 

 

 



CHAPTER FOUR   RESULTS 

WAQAS, 2017 

 

56 

 

 
TABLE-3 LEVELS OF CICULATING BIOCHEMICAL VARIABLES IN TRAFIC WARDENS 

 
VARIABLES CONTROL (n=100) SUBJECT (n=317)  P (≤0.05) 

MDA (nmol/ml) 1.39±0.39 4.59±0.47 0.011 

SOD (µg/ml) 1.56±0.08 0.43±0.06 0.037 

GSH (µg/ml) 11.98±2.38 3.09±1.26 0.038 

CAT (nmol/mol Prot.) 3.99±0.72 1.87±0.48 0.019 

CRP (mg/L) 1.88±0.13 3.27±0.165 0.032 

Vitamin-A (mg/g) 566.64±23.64 411.98±18.94 0.012 

Vitamin-C (mg/g) 0.33±0.041 0.21±0.034 0.013 

Vitamin-E (mg/L) 0.20±0.01 0.15±.015 0.021 

NO (µmol/L) 18.78±2.54 53.22±5.74 0.022 

GPX (U/L) 7.77±1.24 4.87±0.84 0.046 

GRX (U/L) 1.45±0.13 2.39±0.26 0.028 

Pb(B) (µg/dl) 1.54±0.169 29.76±3.76 0.039 

ALAD (U/L) 19.45±2.65 11.09±1.87 0.017 

ALAS (U/L) 53.71±5.26 24.26±4.26 0.003 

Ferrochelatase (ng/ml) 4.29±1.05 1.09±0.457 0.046 

TNF-α (pg/ml) 2.09±0.861 6.199±1.006 0.014 

G6PD (U/L) 17.26±1.99 2.09±0.37 0.008 

Bilirubin (mg/dl) 1.05±0.165 4.21±1.006 0.011 

Glycine(μmol/L) 195.26±5.19 65.19±3.38 0.000 

Serine(μmol/L) 132.58±4.19 44.19±3.09 0.007 

IL-4 (pg/ml) 1.86±0.95 7.19±1.22 0.034 

IL-6(pg/ml) 7.19±1.25 11.29±2.31 0.017 

IL-10(pg/ml) 4.28±0.532 7.19±1.07 0.018 

IL-13(pg/ml) 2.13±0.58 6.29±1.55 0.013 

IL-17(pg/ml) 8.19±1.08 17.19±3.09 0.015 

MPP-1 (ng/ml) 33.65±2.56 88.65±11.56 0.022 

MPP-2 (ng/ml) 45.36±11.65 105.56±8.65 0.018 

MMP3 (ng/ml) 17.19±4.61 37.29±5.29 0.010 

MMP-8 (ng/ml) 29.65±3.21 99.11±6.03 0.045 

MMP-9 (ng/ml) 45.35±8.19 205.65±7.11 0.018 

MMP-13 (ng/ml) 41.65±2.99 168.01±7.13 0.009 

8-OHdG (ng/ml) 3.09±0.956 14.29±2.59 0.024 

4-HNE (mmol/L) 0.27±0.01 4.29±0.56 0.000 

Isoprostanes (pg/ml) 13.09±3.22 37.26±5.09 0.019 

Iron (µg/dl) 98.19±4.18 71.29±2.23 0.042 

Calcium (mg/dl) 9.99±2.08 6.29±1.21 0.016 
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5.0 DISCUSSION 

The present study showed that a considerable increase in environmental lead exposure to 

traffic wardens at post results in redox imbalance leading to enhanced generation of reactive 

oxygen molecules (ROMs), mediating cell damage by lipid-peroxidation and DNA damage. 

Lead dependent ROS production causes impaired cytokines expression, playing a significant role 

in the up-regulation of matrix metalloproteinases (MMPs) that result in the development of 

hematological, cardiovascular and neuropsychiatric disorders. Blood Lead Concentration (BLC) 

in the Turkish traffic policemen were much lower as compared to the previous reports, as 

described by the fact that the government properly regulated the use of unleaded petroleum, 

maintenance of automobiles and difference in vehicular density (Kara et al., 1999 and Pala et al., 

2002). Instead of ratifying Pakistan Environmental Protection Act (PEPA) in 1997 and 

amendment endorsed later in 2012, combustion of leaded petroleum and driving of unmaintained 

vehicles are still common practices due to unawareness, poverty and least interest by the 

government. Among various metals, most recognized environment pollutant metal is lead. Level 

of lead was used as diagnostic tool as well as to assess exposure in air traffic. Environmental 

pollution is the major cause of lead toxicity whereas presence of pollutant in the environment 

(air, water and soil) is characterized as environmental pollution. Toxic and poisonous food 

induced lethal effects in the biological system and also major a causative factor of environmental 

toxicity. Toxicity leads to the production of ROS that results in the condition of oxidative stress 

that can be defined as disruption in the antioxidant; and imbalance between antioxidant and ROS 

that leads to cause potential damage. Cellular damage has been observed in case of oxidative 

stress that leads to damage every type of biological molecules including proteins, lipids and 

DNA molecules. Physically lead is a small metal having very small particles and can easily 

absorb in water, food and is also present in the air particles. These small particles are then 

absorbed gastrointestinal tract (GIT) and lungs. Specific amount is stored in soft tissues and 

bones. There are various heavy metals present in the air that are major cause of oxidative stress 

in the body, proper definition of a heavy metal discussed by Omaya is; heavy metal acquired 

specific gravity of more than 5g/cm3. From different forms of environmental pollution, air 

pollution is the most hazardous for the toxicity of the body. Worldwide, major cause of air 

pollution is traffic and vehicle exhaust that can induce severe DNA damage in living organisms. 

Another major factor of oxidative stress is due to air pollution is rapid manufacture of 
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industrialization. Human life and environmental surroundings are getting badly effect by the 

ecological quality deterioration and air pollution. These severe conditions show lethal effects in 

human and animal biological systems. Among human, traffic policemen are the major one that 

have direct exposure with lead exhausted from vehicle. It has been observed in the study of 

Alexandria, Egypt proved that there was higher Blood Lead Level (BLL) in traffic warden than 

normal citizen, that have less exposure to air pollution (Zaki et al., 1998). Motor vehicles are 

major reason for atmospheric pollution, and induce lethal effects on humans that are in direct 

contact with the motor vehicular emission. Day by day increase in the density of vehicular 

emission is a real threat to the ambient air quality. There are no suitable standards has been set 

up for measuring air pollution in the third world countries and developing countries as compared 

to developed countries. Air pollution is further increased due to use of contaminated petrol and 

diesel, traffic congestion and exhaust from the tail pipe of un-maintained vehicles contribute to 

increase atmospheric n lead pollution. Air pollution caused by vehicles contains various 

chemicals and some of them might be carcinogenic (Iwai et al., 2000). Genotoxic effects may 

induced by the occupational exposure of these chemicals for long period of time. Imbalance 

between the formation of ROS and reactive nitrogen species (RNS) are the major cause of 

oxidative stress, antioxidant that are produced in the body actively damage cellular 

macromolecules such as Deoxyribo Nucleic Acid (DNA) and Ribo Nucleic Acid (RNA), 

proteins and lipids. Imbalance in antioxidant defense system and high production of free radicals 

are the major reason for direct cellular injury and antioxidant system is not enough capable of 

preventing against oxidative damage. It has been observed that vehicular population induced 

oxidative stress, same results were observed in the In Vitro studies (Lai et al., 2005). In 

extracellular matrix lead competes with iron and binds with transferrin receptor. Lead decrease 

the concentration of iron as described in the table 4 (Pb Vs. Fe2+, r=-0.648**) inside the 

erythrocyte lead inhibits the key enzymes (ALAD, ALAS and Ferrochelatase) present in cytosol 

and mitochondria. Lead inhibits ALAD, ALAS and ferrochelatase very significantly (p<0.05) 

(Pb Vs. ALAD, r=-0.946***) (Pb Vs. ALAS, r=-0.887***) (Pb Vs. Ferrochelatase, r=-0.619**) 

resulting in the decrease heme synthesis. 

There are main two ways for the air pollutants entry i.e. via skin se well as inhalation. 

Different chemicals that are present in the exhaust of vehicle include lead, toluene, benzene, 

sulfurdioxide, benzo(a)pyrene, carbonmonooxide, are some of the major chemicals that are very 
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injurious for human health. In an epidemiological study it has been reported as Lung cancer, 

cardiovascular diseases and various respiratory diseases has high association with elevated level 

of urban air pollution. Major patho-physiological effects shown by the inhalation of vehicular 

pollutants are; increased heart rate and blood pressure, progression of atherosclerosis and blood 

coagulability (Grahame and Schlesinger, 2010). Redundant generation of free radicals scavenge 

the activity of antioxidant and induce toxicity. Various environmental pollutants are involved 

that trigger the signaling molecules and induce oxidative stress that leads to DNA damage. 

Lethal and hazardous effects of ROS are controlled by the antioxidant and free radical 

scavengers by reducing the free radical and get themselves oxidized. It has been showed in the 

study of Suresh et al, (2000) that levels of SOD and GPx reduced in traffic wardens as compared 

to control groups. High levels of NO and MDA are in the result of lipid peroxidation. These 

results clearly depicted that there is a high level of DNA damage, elevated levels of MDA in 

blood has been observed with increases time of exposure. MDA is a significant marker for lipid 

peroxidation. Reduction in NO and SOD showed that there is high level of DNA damage occur 

(Suresh et al., 2000). Lead toxicity decreases glutathione (GSH) and catalase (CAT) levels by 

inhibiting glutathione reductase (GRx) activity and reducing iron absorption or enhancing iron 

clearance respectively resulting in raised ROS production (Gurer and Ercal, 2000 and Chaurasia 

and Kar, 1997). It has been revealed that superoxide dismutase (SOD) and glutathione 

peroxidase (GPx) levels were reduced in corpus striatum, hypothalamus and hippocampus of 

lead intoxicated rats (Moreira et al., 2001). Perturbed anti-oxidant profile was observed in 

battery manufacturers demonstrated by marked reduction in SOD, GSH, GPx and GRx activity 

(Singh et al., 2013). The present study also demonstrated an inverse correlation between lead, 

GSH, CAT and SOD (Pb Vs GSH, r=-0.674** and Pb Vs CAT, r=-0.465*). Lead promotes the 

synthesis of lipid hydroperoxide by reacting with phosphotidylcholine thus, mediating alterations 

in membrane bio-physical characteristics (Pb Vs MDA, r=0.745**). These changes enhance 

mechanical fragility by the release of ROMs resulting in interference with integrity of 

particularly red blood cells (RBCs) and astrocytes leading to shorten their life span. Individuals 

working in highly polluted environment were also more exposed to DNA damage including 

chromosomal abnormalities, micronuclei and sister chromatid exchange (Prasad et al., 2013).  

Lead mediated genotoxic effects have been also suggested by the present study, having an 

inverse correlation between Pb and 8-OHdG, an end-product of DNA damage (Pb Vs 8 OHdG, 
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r=0.846**) generates due to production of DNA adducts. Lipid peroxidation may results in 

production of several products that leads to cause oxidative stress in the body by decreasing the 

activity of antioxidants and increase the production of ROS. As discussed in table 4 MDA that is 

the end product of lipid peroxidation may decreases the level of CAT (r=-0.591) very 

significantly (p=0.003). MDA also have the ability to affect the levels of other antioxidants such 

as described in the table that MDA has very strong inverse correlation with SOD, GSH (MDA 

Vs. SOD, r=-0.684**, p=0.012) (MDA Vs. GSH, r=-0.642**, p=0.041). MDA that is produced 

inside the mitochondria will move in to the nucleus and form DNA adducts these adducts are 

known as 8OHdG (MDA Vs. 8OHdG, r=0.746***) that will produce several inflammatory 

cytokines such as MMP-3, IL-17 and TNF-α. As we can observed in table 4 (8OHdG Vs. TNF-α, 

r=0.693**) (MMP-3 Vs. 8OHdG, r=0.709***) (MMP-3 Vs. MDA, r=0.694***) (MMP-3 Vs. 

TNF-α, r=0.749***). In a study it was reported that increased influx of lead through calcium 

channel will result in increased movement of potassium in to the extracellular matrix. Movement 

of ions across the cell membrane will disrupts the permeability of the cell that leads to the influx 

rush of H2O through aquaporin channels to maintain the equilibrium. Influx of water will leads to 

the hypertonic condition that cause cell burst.  

In 1965 Willis has published the earliest paper related to lead induced oxidative stress. 

Author proposed that several metals have +2 valance electrons and has the ability to catalyze 

rapid oxidation in linoleic acid. After thirty years in 1995 Yiin and Lin observed remarkable 

increased in MDA level in lead induced patients. The increased in MDA is in the result of high 

concentration of linoic, linolinoic and arachidonic acid with lead. Another study that was 

performed by Gerber et al, (2002) performed the experiment on rats and observed high rate of 

lipid peroxidation in brain homogenates in rats that were highly exposed to lead. Although lead 

is proved as a most prevalent toxins, but only few studies have so far performed on lead in 

Pakistan. It has been indicated through the published studies that individuals that are highly 

exposed to lead as well as normal population have higher BLL than acceptable limits i.e. 

10µg/dl. Many studies were performed on air monitoring; subjects that were chosen to conduct 

these studies were included taxi drivers, attendants at fuel filling station and petrol chemical 

workers. There are very limited reports have been published on traffic policemen and among the 

people that have much exposure to traffic junctions. Till 2013 there was not a single report 

generated for ambient and breathing zone air monitoring for traffic policemen in Andhra 



CHAPTER FIVE   DISCUSSION 

WAQAS, 2017 

 

62 

 

Pradesh, India. Various controversy and contradictory reports have been published on DNA 

damage. There was no DNA damage reported in the study of over traffic policemen and control 

from Rome (Italy). On the other hand in a report generated by Lai et al, (2005) there is a 

significant high DNA damage in the toll station workers that were highly exposed to 

environmental lead than controls. Antioxidant enzymes such as SOD, GPx, MDA and free 

reactive nitrogen oxide (NO) are very important for the assessment of the DNA damage by 

reactive free radicals. Among various markers of oxidative stress MDA; Lipid peroxidation end 

product is one of the major markers whose studies showed the role and pathophysiology in 

various diseases, such as Crohn’s disease. Cell injury and adaptation are the end result of 

oxidative stress. Cell injury is that damage of the cell that either permanent or temporary it can 

be chemical or physical stimulus that result in the change of homeostasis of the cellular body. 

Oxidative stress that is caused by the imbalance between ROS and antioxidant, can damage all 

type of biochemical macromolecules including proteins, DNA and lipids (lipid peroxidation). 

Oxidative stress may lead to damage in lungs and cause severe respiratory diseases in population 

that is highly exposed to lead present in air pollution (Shamshad et al., 2015). 

A report generated explained that increased industrialization and urbanization are the 

major reasons for the elevated level of lead in Egypt and Karachi. Another reason for increased 

level of lead in the body of subjects is implementation of law on use of unleaded gasoline. 

Unleaded gasoline decreases the lead level in the body in contrast to leaded gasoline. High level 

of lead affect the body it various way, an observation explained that lead induce cellular DNA 

damage (Danadevi et al., 2003).  Singh et al, (2013) performed a study and evaluate the 

correlation between oxidative/nitrosative stresses with different antioxidant status in battery 

workers. In another study performed on pesticide sprayers by Kisby et al, (2009) who reported a 

correlation between oxidative stress and altered antioxidant status. Various studies has been 

performed on cement industry workers, mining worker and arsenic-exposed subjects show a 

significant decline level of SOD, GPx, GR, and GSH activity (Singh et al., 2008, Patil et al., 

2006). Amal et al, (2008) performed a study on workers of shoe manufacturing industry workers 

that were highly exposed to the alkyl solvents, there is high level of MDA has been observed in 

workers as compared to controls. Lead has dual impact on the pathogenesis of anemia either by 

inhibition of aminolevulinic acid dehydratase (ALAD) resulting in raised levels of 

aminolevulinic acid (ALA) which plays role in enhanced ROS production or by decreased iron 
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levels due to competitive inhibition by lead (Antonio-Gracia and Masso-Gonzalez, 2008). The 

present study also shows an inverse correlation between Pb and ALAD while a positive 

correlation between Pb and ALA (Pb Vs ALAD, r= -946*** and Pb Vs ALA, r= 0.612*). The 

higher intracellular influx of Pb results in drop of water potential causing water rush inside the 

RBCs and fragility of cell membrane leading to hemolysis and anemia (Mills and Johnson, 

1985). Lead competes with calcium and enters through calcium channels by replacing calcium 

while on the other hand; lead reduces the expression of ryanodine receptors on endoplasmic 

reticulum resulting in decreased calcium release (Sadiq et al., 2012). Thus, increased lead binds 

with calmodulin by displacing calcium and activates calcineurin (CaN), playing an important 

role in the promotion of neuro-inflammation and reactive astrogliosis in chronic 

neurodegeneration (Toscano et al., 2005). The activated CaN induces dephosphorylation of 

NFAT (Nuclear factor of activated T-cells) resulting in conformational changes in the protein, 

mediating exposure of nuclear localization sequences (NLSs) leading to nuclear influx of NFAT 

which acts as transcription inducer when it interacts with activator protein-1, mediating 

production of cytokines and ROMs (Koedrith and Seo, 2011 and Lim et al., 2016). CaN also 

recruits FOXO-3 to stimulate NF-κβ activity resulting in promotion of inflammatory genes 

transcription leading to neurotoxicity which can be blocked by insulin like growth factor-1 (IGF-

1) or series of decoy compounds (Fernandez et al., 2016). 

Landrigan, (1991) performed a study on the employees of paint industry and lead 

poisoning was significantly affected by industrial exposure to organic and inorganic lead 

compounds. It has been observed there a high difference between the BLLs of employees and 

normal control. Elevated BLL >40 µg/dl can injured the whole blood system or there is a major 

risk of injury (Landrigan, 1991). Lead toxicity is influenced not only by lead exposure but 

certain other factors are also involved such as smoking, age and habits of drinking. Chronic lead 

exposure symptoms can be obtained by six different ways; renal, hematological, central nervous 

system (CNS), neuromuscular, gastrointestinal and others. Slow and insidious development 

poisoning is common manifested by abdominal syndrome. Headache, fatigue, vertigo, nausea 

and vomiting are major symptom of chronic lead poisoning (Grandjean, 1991). Brain is the one 

of the major component of the central nervous system that was at highest risk of susceptibility to 

lead. Lead shows its most lethal effect in uterus. During development phase blood brain barrier is 

under generation during first six weeks of pregnancy. That’s why lead exposure in utero is at 
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most highest risk. High concentration of lead inside the body can affect the nervous system of 

adult as well. Lead has the ability to break the blood brain barrier and move inside the brain 

resulting in increased intracranial pressure that leads to the poor attentiveness and madness. 

When lead shows its effects on the nervous system it results in the formation of several 

neurotransmitters such as histamine and serotonin. High amount of lead inside the cell result in 

the oxidative stress that leads to formation of MDA, 8OHdG, Isoprostanes and 4-HNE. These 

end products of lipid peroxidation result in inhibition of several enzymes inside cell. Increased 

level of ROS inhibit the major enzyme G6PD is involved in the production of erythrocyte 4-

phosphate that act as a substrate in heme synthesis. Increased Isoprostanes and 4-HNE have 

strong negative correlation with G6PD (4-HNE Vs. G6PD, r= -0.891) (Isoprostanse Vs. G6PD, 

r=-0.756) and shows significant effects (p=0.000 and p=0.016). 

Various studies were performed to evaluate the concentration of lead in traffic warden. A 

study was done on the traffic policemen of Sudan in Khartoum state, in which amount of 

environmental lead pollution in traffic surrounding air and there is variety in the results the 

degree of environmental pollution is from 0.0028 mg/m3 to 0.5616 mg/m3. It has been resulted 

in the study that population density have direct effect on the lead level of humans. Various other 

factors that also influence the BLL are; time of sample taking, speed and direction of wind were 

reported to dilute the concentration of lead in air.  In the year 2000, a comparative study was 

performed between two different season autumn and summer, results depicted that concentration 

of lead in autumn was lower than tolerable exposure except in 2 positions while in summer lead 

content is below than acceptable exposure. It has been observed after comparison that average 

concentration of lead is higher in Khartoum than Khartoum north and Omadurman. The reason 

behind elevated level of lead concentration in Khartoum is its high traffic congestion and high 

environmental and atmospheric pollution. Different factors such as; age, quantity of air intake, 

absorption of lead through skin and inhalation, are involved for absorption of lead. Another 

factor for the concentration of lead is route of excretion. Excretion through gastrointestinal tract 

attributes to 16% concentration, through kidney as urine is 76% and through hair. Sweat and 

others is 8% concentration (WHO, 1977).  

In developing countries like Pakistan, major sources of lead toxicity are lead used in 

water pipes, lead-acid batteries, lead food cans, lead containing cosmetics, lead paints, lead 

oaring, lead mining and lead used in petroleum as anti-knocking agent. These sources are the 
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major factors for the involvement of lead toxicity in the population. Knocking is the incident in 

the car engine that lessens the car efficiency, lead compounds in mixture with petrol that 

enhances the efficiency of the car. Intoxication of Lead has been inclined in general population 

due to raised vehicle population and increased vehicle kilometer travelled. It has been stated that 

vehicle population is enhanced 400% in last twenty years, vehicle population inclined from 0.8 

to 4.0 million in last 20 years. It has been predicted that in 2050 there will 40,000 tons of oil will 

be required. High concentration of lead is very hazardous because the end products of vehicle 

exhaust contain much amount of lead that is very lethal for the body. Proper monitoring is 

required to overcome this issue, lead free petrol is also available in Pakistan from 1996.  

A report generated on US related to combustion of leaded gasoline that from year 1923 to 

1986, there was 4 million tons of lead expelled into atmosphere and soil, among all 90% was 

present in the atmosphere while 10% is in the soil. After that serious adaptations were taken to 

eliminate/suppress the concentration of lead in environment. In paint industry they are not 

allowed to use more than .06% of lead and in gasoline can have no more than 0.1g/L (reduced 

from 1.5g/L) (Markowitz, 2000). Another factor of lead exposure is lead factory, it is the 

problem of both developed and under developing countries. Due to its various chemical and 

physical features it has been used in acid batteries, lead pipe, food and beverages can and 

explosive industry. The workers that have direct exposure in these factories make them 

susceptible to lead intoxication. It has been reported in the study conducted in 1994, in which 

100% of factory workers were diagnosed by high BLL. Lead paint is also known as a injurious 

factor for lead intoxication and raised blood lead concentration in children, that are sometimes in 

contact with pica. An important step has been taken in the developed countries that decline the 

blood lead level in children. The step is to remove the lead from paint industry. In New Zealand, 

there is 42% decline has been observed in blood lead concentration in between 1978 and 1985. 

They abandoned lead based paints and varnished, and beverages and food can were substituted 

by seamless-welded containers. In Pakistan there is no suitable measures are taken to remove the 

lead from paints. High amount of lead is present in locally made paints and varnished that cause 

damaging effect in children.  

Cosmetics and traditional remedies are the major factor and source for lead exposure. A 

report has been published that ‘surma’ and ‘kohl’, that are used for eye make-up contain 16-80% 

lead. A study conducted in Faisalabad in 1988, on 20 samples of ‘surma’ they have lead content 
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>65%. Dust is believed to be the significant source of lead and is the major factor to induce 

toxicity. In 2000, a study was performed on the leaves of city and measured the lead content in 

them. Concentration of lead was 30±6.6 ppm while normally leaves have 3.12±1.09 (Shams and 

Beg, 2000). Drinking water is another major source for lead exposure. It raised blood lead 

concentration and induced toxicity. BLL is high where lead free pipes are not been fitted on the 

place of lead pipes. Lead level in ground water and surface water is significantly low, lead 

content higher due to lead pipes used in distribution systems. Other factors that induce lead 

toxicity in children include utensils used for boiling, storage of food/water and cooking of food. 

In 1990, Manser with his companions, (1990) performed the study on school children, soldiers, 

males and females from Karachi. There was high BLL has been observed than the normal 

acceptable range 10µg/dl. BLL of children was 38.2µg/dl, in soldiers it was 29.9µg/dl, whereas 

in male and female it was 34.4µg/dl and 31.8µg/dl respectively. It had been observed in the 

study that 93% of the subject either it male or female has elevated BLL. 91% of soldiers also 

showed high level >25µg/dl, although they were living in pollution free area. After comparison 

of children that have elevated level of more than 40µg/dl, it had been estimated that only a very 

minute amount of population had normal blood lead level (Manser et al., 1990). 

In 1994, Khan and his coworkers performed the study on lead factory workers and 

screened out chronic lead poisoning. Study concluded that there is very high level of lead present 

in the blood of factory workers which is much higher than the maximum tolerable limit of BLL 

(Khan et al., 1994). In another study of Khan that was performed after one year (1995) in which 

author measure the level of haemoglobin, blood lead and urinary amino-levulinic acid (ALA) 

among industrial workers and author take subjects that were highly exposed to vehicle smoke. In 

this study it was observed that there is a high blood level in both groups; industrial workers and 

people exposed to vehicle exhaust. Urinary ALA level in control was 0.8 mg/dl (p<0.0001) while 

in industrial workers and subjects exposed to vehicle smoke is 3.82mg/dl and 3.68mg/dl 

respectively (Khan et al., 1995).  

In 1996, Hafeez et al. performed a study on preschool children living in urban areas of 

Rawalpindi; study comprises 92 children 50 males and 42 females. Study also reveals that there 

is a higher BLL in more than 90% child that is not in the acceptable limit 10µg/dl, mean average 

of BLL of children was 7µg/dl to 34µg/dl. Mean BLL of male 20.3µg/dl was much higher than 

female 18.8µg/dl (Hafeez et al., 1996). In 2002, Rahman and his co-workers investigate diseases 
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related to lead in mental ability, stature and behavior of children at Karachi. This cross-section 

study was performed in seven primary schools in city Karachi. Study was conducted on students 

of grade 1 to 3 having age 6-10 years, blood samples and shed teeth were taken from students 

and lead level was analyzed by atomic absorption spectrophotometry. It has been observed that 

from 138 children 80% children have lead levels higher than the acceptable BLL (10µg/dl) 

(Rahman et al., 2002). In the same year another study was performed by Rahbar et al. (2002) in 

the same city from different places including Sadar, fishing community and Malir. In this study 

total 430 children having age 3-5 years were taken through geographical stratified design. After 

assessing their BLL it has been observed that 80% of children have high level than maximum 

level (10µg/dl) of lead given by United States Centres for Disease Control and Prevention 

(USCDCP). The overall mean of BLL was 15.6µg/dl (Rahbar et al., 2002). 

In 2003, Hozhabri et al. carried out cross-sectional study on 53 children from fishing 

village, Karachi. After measuring their BLL it has been concluded that 52 children (98%) have 

high blood level >10µg/dl. Overall mean was 21.6µg/dl that is enough for induction of potential 

neurotoxicity in the body (Hozhabri et al., 2003). In 2005, Agha et al. conducted a comparative 

study on traffic policemen and teenage males. In his study effect of environmental lead pollution 

has been studied on BLL of 47 male traffic policemen from Islamabad having age 21-45 years. 

Police constables were controlling the traffic from 3 months to 216 months with duty 8 hr per 

day and 6 days a week. Teenage males having age 13-19 yrs living in much clean area with less 

traffic exposure were taken as control. BLL was calculated by atomic absorption 

spectrophotometry. Mean blood lead level in constables was 27.27µg/dl that was much higher 

than the mean value of normal control having mean 3.22µg/dl (Agha et al., 2005).  

In 2015, Shamshad and his workmates concluded in their study that chronic exposure to 

outdoor traffic pollution that contains lead particles can increase the cardiovascular and 

respiratory disease risk and may result hypoxemia. Another assumption given by the authors and 

his team mates was; the effects shown might be due to acute exposure (Shamshad et al., 2015). 

In United States from the year 1976 to 1980 mean BLL in the children having age 1-5 years had 

median BLL of 15µg/dl. There is much reduction observed in the year 1.9µg/dl. This rapid 

decrease was the result of decreased leaded gasoline production and paints that contain lead. Till 

the year 2006, there were 454,000 children present that have high BLL above 10µg/dl. In 2006, 

National Health and Nutrition Examinations Surveys (NHANES) estimated that BLL of adults 
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having age 20-59 years is 1.5µg/dl (Patrick, 2006). Outside the cell in extracellular matrix lead 

competes with calcium channel and moves inside the cell through calcium channels. Lead has 

very strong indirect correlation with calcium. (Pb Vs. Ca+, r=-0.643) inside the cell lead binds 

with calmodulin and induce inflammation. In 1987, study performed by Ahmed and his 

companion on Traffic Controllers Alexandria, Egypt, Road Intersections. A very High level of 

BLL has been observed in traffic constables. Second most highly populated city in the Egypt is 

Alexandria and traffic constables are supposed to be at traffic intersection in controlling traffic 

lights, therefore the reason behind elevated BLL could be lead emission through vehicle exhaust 

(Ahmed et al., 1987). In 2005, Fairda et al. performs a study on 47 police constables whose age 

range between 21 to 45 years and duration of their job is from 3months to 18 years, 8hr/day and 

6days/week. These police constables were compared with control group having adolescent males 

having age 13-19 years. Lead, Copper and Manganese level has been measured in this study. 

Results showed that there was a high level of lead present in the blood of experimental group 

(traffic warden) mean BLL was 27.27±4.04 µg/dl as compared to 3.22±0.198 µg/dl in control 

group. There was no difference in the level of copper across both groups. Although experimental 

group has higher age as compared to control, it showed that blood copper level is not influence 

by the traffic exhaust. On the other hand manganese level was increased in traffic constables 

(mean Blood manganese level = 21.94±0.8) as compared to controls (mean blood manganese 

level = 2.33±0.168). Difference of blood manganese level is attributed to traffic exhaust that is 

the major cause of air pollution. In 1989, Sager evaluate high level of MDA in substantia nigra 

of patients infected by Parkinson’s disease. Author also observed elevated level of oxidative 

stress in proteins and DNA among patients. In 2015, Shamshad et al. performed another study on 

80 traffic policemen, among 80 policemen 40 were working in office and taken as control and 40 

were taken as experimental that were doing their duty in traffic and were highly exposed to air 

pollution. The purpose to perform this study was to generate a correlation between oxidative 

stress and exposure to environmental pollution. Performed study proved that there was high 

MDA level in the experimental group as compared to control. These results clearly depicted that 

individuals that are highly exposed to the polluted environment have high oxidative stress. 

Chronic exposure to polluted environment may result in the reduction of physical effort it leads 

to high risk CVD and respiratory diseases (Shamshad et al., 2015). 



CHAPTER FIVE   DISCUSSION 

WAQAS, 2017 

 

69 

 

 Series of defense mechanism are adopted by the organism after exposure to free radicals. 

There are four important mechanisms initiated after the exposure of ROS. I) Defensive 

mechanism, II) repair mechanism, III) physical defense and IV) antioxidant defense. Two classes 

of antioxidant are present that counteract ROS I) Enzymatic antioxidant and II) Non antioxidant. 

GPx, CAT and SOD are classified as enzymatic oxidant. GSH, ascorbic acid, tocopherol, 

flavonoids, carotenoids and several other antioxidants are represented in the class of non-

enzymatic antioxidant. One of the important stress biomarker is SOD. SOD is generated as a 

byproduct during the metabolism of Amino Levulinic Acid (ALA) in the blood. If SOD is not 

regulated it may cause severe cell damage. SOD plays an important role in catalyze the 

conversion of superoxide ion (O2
-) in H2O2 or oxygen molecule. H2O2 that is generated by SOD 

enzyme may also cause various damaging effects, but it is less, and it can be degraded by various 

other enzymes e.g. CAT. MDA is a significant biomarker to measure oxidative stress that is an 

end product of lipid peroxidation. High level of MDA results in high level of oxidative stress and 

it reduces the level of SOD and CAT. Damage of parenchymal tissue, cell necrosis and secretion 

of digestive enzymes are all process that results in increase of MDA levels in serum (Tohru and 

Ushio, 2011).  

 Another name of oxidized glutathione is known as glutathione disulphide (GSSG) that is 

present abundantly in cellular cytosol, mitochondria and nucleus. It is the most suitable 

antioxidant in the aforesaid cell organelles. GSH is synthesized in the cytosol by co-working of 

two important enzymes, glutamate-cysteine ligase and GSH synthetase. After synthesis GSH 

transport to inner mitochondrial membrane. Process of transportation is done by two 

electroneutral antiporter carrier proteins, 2-oxyglutarate carrier protein and dicarboxylate carrier 

protein. In the year 2005, Shen et al, reported that externally ingested GSH readily taken up by 

mitochondria, although 8mM GSH is already present in mitochondrial matrix (Shen et al., 2005). 

GSH that is an important compound found in the body, its major function is to detoxify and 

excrete heavy metals from the body. It is a tripeptide molecule made up of three molecules; 

glutamic acid, cysteine and glycine. Cysteine residue that is present in its structure has thiol 

group (-SH). GSH is synthesized in the inner compartment of lymphocyte. GSH exist in two 

forms reduced GSH and oxidized GSSG. It has been observed in various studies there is 

decreased level of GSH and GPx in traffic wardens that are highly exposed to lead atmosphere. 

Masella et al, (2005) reported that GSH plays four important roles against oxidative stress I) It 
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acts as a cofactor for various enzyme that are used for detoxification such as, glutathione 

transferase, GPx and many others, II) GSH has the ability of regeneration of important non 

enzymatic antioxidant by converting inactive Vitamin C and E to active form, III) GSH has 

ability to scavenge various ROS such as hydroxyl radical and singlet oxygen, it also showed 

catalytic activity of GPx to detoxify H2O2 and lipid peroxides, and IV) GSH also plays major 

role in transportation of amino acids through plasma membrane (Masella et al., 2005). Several 

studies reported that there is a remarkable change has been observed in the antioxidants such as 

SOD, CAT and GPx in lead exposed subjects. All these findings give us a positive clue that lead 

induces oxidative stress that is due to the pathophysiology of lead toxicity. Lead has the ability to 

bind with the SH group of GSH that result in the formation of mercaptides, lead having less 

binding affinity with other amino acids carrying SH group. Inside the cell lead has the ability to 

bind with several enzymes that have functional SH group. That’s why lead directly inhibits 

ALAD that is the key enzyme involved in the production of heme (Solliway et al., 1996 and 

Valle and Ulmer, 1972). As illustrated in the table 4 (Pb Vs. ALAD, r=-0.946***) lead has 

significant negative correlation with ALAD. G6PD, first enzyme in the pentose phosphate 

pathway generates most of the NADPH that induce the formation of several antioxidants. 

NADPH was generated by the oxidation of glucose 6-phosphate to 6-phosphogluconate. NADPH 

keeps the GSH at significant level by inducing the GSH reductase enzyme (Haeger-aronsen et 

al., 1971). 

 Nitrogen oxide radicals (NO·) is another biomarker used to measure oxidative stress. It is 

a small molecule has one unpaired electron on the antibonding 2π*y orbital. Nitric oxide radical 

is produced in the tissue by specific enzyme nitric oxide syntheses (NOS’s) that form NO radical 

by metabolize arginine and citrulline. It is an important reactive radical that acts as an imperative 

oxidative biological signaling molecule. It stimulates various signals during different 

physiological conditions such as; immune regulation, smooth muscle relaxation, defense 

mechanism, regulation of blood pressure and transmission of neurons. Half-life of NO radical is 

only few seconds in aqueous environment. Its half-life is >15 seconds in the environment that 

has low oxygen concentration. Another specific property of this molecule is; can diffuse both in 

aqueous and lipid media, and rapidly diffuses in plasma membrane and cytoplasm (Chiueh, 

1999).  A study was performed in which ascorbic acid, other name Vitamin C was administered 

to the rats that were highly exposed to lead. Rats that were administered ascorbic acid gives 
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significant change in the level of lead that was excreted through the urine. From this study it can 

conclude that lead has strong negative correlation with ascorbic acid. Lead has the ability to 

induce lipid peroxidation inside the mitochondria by the increased production of ROS resulting 

in the disruption of lipid content of cell membrane. Increased lipid peroxidation will result in the 

increased level of MDA, 4-HNE, Isoprostanes and 8OHdG. MDA and 4-HNE has very 

significant (p<0.05) inversely correlation with vitamin C. As observed in table 4 (Vit-C Vs. 

MDA, r=-0.619**) (Vit-C Vs. 4-HNE, r=-0.661**) (Vit E Vs. 8OHdG, r=-0.594**) High 

concentration of ROS can be specific mediator of cellular surface damage, proteins, lipids and 

nucleic acids. Hydroxyl radicals that are generated in the process of ROS generation has ability 

to damage all components of DNA such as nitrogenous bases; purine and pyrimidine as well as 

deoxyribose that is backbone of DNA structure. Oxidative damage results in permanent 

modification of genetic material and expresses the first step that induces carcinogenesis, 

mutagenesis and ageing. Polyunsaturated fatty acids (PUFA) that are residue of phospholipids 

are extremely sensitive to oxidation reaction. ROS generation is induced by metals that directly 

attack PUFA and DNA (Siems et al., 1995). 
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FIGURE 01: Figure 01 illustrates that lead competes with calcium and enters inside the cell 

through calcium channels in PbCl2 form. After entering in the cell it binds with calmodulin 

inside the mitochondria and forms a complex including, NFκβ, FOXO3 and calcineurin (CaN) 

that result in inflammation and increased production of ROS leading to enhanced lipid 

peroxidation. MDA has the ability to generate DNA adducts and 8OHdG, post translational 

modifications in proteins and cause protein oxidation which alters the functions of proteins that 

leads to cell death. Lead acts as a ligand and binds with RTK and release inflammatory cytokines 

such as IL-4, -6, -10 and -13 which inhibit Akt and mTOR resulting in the formation of apoptotic 

proteins and ultimately cell death. Lead up-regulates the activity of TNF-α which results 

increased expression of NFκβ dependent transcription of apoptotic proteins. Lead reduces the 

expression of ryanodine receptors on endoplasmic reticulum resulting in decreased calcium 

release. Thus, increased lead binds with calmodulin by displacing calcium and activates CaN, 

playing an important role in the promotion of neuro-inflammation and reactive astrogliosis in 

chronic neuro-degeneration. Influx of lead disturbs the osmolality of the cell that leads to rushing 

of water inside the cell thus, it becomes hypertonic and cell bursts. ROS and other end products 

of lipid peroxidation have the ability to inhibit various enzymes which play role in the 

conversion of glucose into glucose 6-phosphate (Glu-6-P) which forms 6-

Phosphogluconolactone, a substrate for the formation of Erythrose-4-phosphate (ery-4-P) in the 



CHAPTER FIVE   DISCUSSION 

WAQAS, 2017 

 

73 

 

presence of G6PD. Glucose-6-phosphate converts into fructose-6-phosphate then into fructose 1, 

6 bisphosphate that generates gly-3-P. Ery-4-P and gly-3-P synthesize serine and glycine, 

precursors of heme synthesis and finally results in anemia. ROS and end products of lipid 

peroxidation inhibit the key enzyme glucose 6-phosphate dehydrogenase (G6PD) that results in 

decreased formation of erythrose 4-Phosphate and heme. Inhibition of G6PD also causes 

decrease in NADPH production, mediating depletion of antioxidants and causes oxidative stress. 

Abbreviations: ROS= Reactive oxygen species, MDA= Malondialdehyde, 8OHdG= 8 

hydroxy 2 deoxoguanosine, RTK= Receptor tyrosine kinase, IL= Interleukin, TNF-α= 

Tumor necrosis factor-alpha, NFκβ= Nuclear factor kappa light chain kinase of B-cells 

G6PD= Glucose-6-Phosphate dehydrogenase, NADPH= Nicotinamide adenine dinucleotide 

phosphate, Ery-4-P= Erythrose 4-phosphate, Gly-3-P= Glyceraldehyde-3-phosphate  

 

 

 

 

 

Figure 02: Figure describes that in extracellular matrix lead competes with iron and binds with 
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apotransferrin (a beta globulin protein) and acts as a ligand on transferrin receptor that can 

enter into the erythrocyte through endocytosis. Inside the erythrocyte glycine and succinyl Co-

A combine to form ALA with the aid of an enzyme ALAS. Two molecule of ALA condensed 

to form PBG which converts into hydroxymethylinane that leads to the activation of co-

proporphyrinogen-3. Decarboxylation of co-proporphyrinogen-3 generates protoporphyrin IX.  

Protoporphyrin IX takes 2 Fe2+ and synthesizes heme. Lead present in the cell as lead chloride 

inhibits ALAS, ALAD and ferrochelatase which results in the reduced heme synthesis. Lead 

can also affect the phospholipids of cell membrane and release hydrogen ion that binds with 

the chloride in the mature erythrocyte and generate HCl leading to hemolysis of the 

erythrocytes. Increased amount of lead inside the cell disturbs the osmolality of the cell and 

causes rushing of water inside the cell results in hemolytic anemia. 

Abbreviations: ALA= Aminolevulinic acid , ALAS = Aminolevulinic acid synthetase , 

ALAD= Aminolevulinic acid dehydrogenase PBG= Porphobilinogen , Fe2+= Ferrous 
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TABLE:4 PEARSON S’ CORRELATION COEEFICIENTS OF PROGNOSTIC VARIABLES IN 

THE DEVELOPMENT OF ANEMIA IN TRAFFIC WARDENS  

 

VARIABLES (Vs.) (r) P-VALUE 

4-HNE Vs. Serotonin 0.756** 0.018 

8OHdG Vs. TNF-α 0.693** 0.001 

CAT Vs. MDA -0.591* 0.003 

CAT Vs. SOD 0.619** 0.014 

G6PD Vs. 4-HNE -0.891*** 0.000 

G6PD Vs. Isoprostane -0.756** 0.016 

Glycine Vs. Serine 0.614** 0.041 

Heme Vs. Bilirubin -0.674** 0.003 

IL-17 Vs. MMP-3 0.849*** 0.011 

Isoprostane Vs. Histamine 0.649** 0.000 

MDA Vs. 8OHdG 0.746*** 0.011 

MDA Vs. GSH -0.642** 0.041 

MDA Vs. SOD -0.684** 0.012 

MMP-3 Vs. 8OHdG 0.709** 0.000 

MMP-3 Vs. MDA 0.694** 0.005 

MMP-3 Vs. TNF-α 0.749** 0.012 

Pb Vs. ALAD -0.946*** 0.000 

Pb Vs. Fe2+ -0.648** 0.015 

Pb Vs. Ferrochelatase -0.619** 0.013 

Pb Vs. ALAS -0.887*** 0.003 

Pb Vs. Ca+ -0.643** 0.018 

TNF-α Vs. IL-17 0.793*** 0.004 

VIT-C Vs. MDA -0.619** 0.042 

VIT-C Vs. 4-HNE -0.661** 0.034 

VIT-E Vs. 8OHdG -0.594* 0.004 

Pb Vs. GSH -0.674** 0.016 

Pb Vs. CAT -0.465* 0.007 

Pb Vs. MDA 0.745** 0.014 

Pb Vs. 8OHdG 0.846** 0.011 

Pb Vs. ALA 0.612** 0.013 
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6.0 SUMMARY 

Lead is a toxic heavy metal present in environment having +2 charges. It is one of the 

major environmental pollutants that affect biological system vigorously. Increased urbanization, 

industrialization and high traffic exhaust are the major factors for lead polluted environment. 

Lead has been used as an anti-knocking agent in petroleum that is one of the major factors of 

lead toxic environment. Among our population most exposed group of people are traffic wardens 

who were highly bared to traffic exhaust. Increased lead levels may induce various lethal 

diseases such as hemolytic anemia, renal failure, poor attentiveness etc. Significant amount of 

lead is stored in bones that plays major role in causing hemolytic anemia. For this purpose study 

has been designed in which two groups were formed; controls and subjects. Various biochemical 

(hematological, oxidative stress profile, vitamins and electrolytes) molecular parameters (IL-4, 6, 

10, 11, 17, TNF-α, MMP-1, 2, 3, 8, 9 and 13) and mineral profile were measured among 317 

subjects and 100 controls. Patients with the hemoglobin (Hb) level less than 10 µg/dl and those 

who were working for the minimum period of 5 years as traffic wardens were considered 

appropriate for this study. 

 Acute and chronic exposure of lead can affect the body vigorously. Various cell signaling 

pathways were activated by the stimulus of lead and its receptors. Increased level of lead results 

in the depletion of antioxidants and increment of ROS. Lead competes with calcium and enters 

into the cell through calcium transporters. In X-ray crystallography lead and calcium are believed 

to have similar chemical structures and have same binding site. Hence, lead has ability to bind 

with calmodulin inside the mitochondria and results in inflammation. Due to inflammation there 

is increased level of ROS which causes lipid peroxidation. Lead activates Receptor Tyrosine 

Kinase (RTK) that release several pro-inflammatory cytokines which reduces the level of 

mTOR. Major effects of ROS are as follow; inhibition of G6PD that is one of the important 

enzymes in pentose phosphate pathway. It results in decreased levels of Erythrose-4-Phosphate. 

Increased lipid peroxidation, MDA, Isoprostanes and 4-HNE leads to the DNA damage. As 

TNF-α is increased it activates serine threonine kinase receptor and increases production of 

NFkβ which leads to production of apoptotic protein. Activation of receptor serine/threonine 

kinase and G-protein couple receptor (GPCR) are responsible for increased levels of calcium 

inside the cell. More accumulation of calcium and lead inside the cell disrupts cell integrity so, 

more water rushes inside ultimately cell bursts. Whereas in the case of bone marrow cells lead 
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enters through transferrin receptor in the form of lead chloride (PbCl2). It inhibits ALAD, ALAS 

and ferroechelatase, these enzymes play important role in the heme synthesis. Inhibition of these 

enzymes may decrease heme production leading to hemolytic anemia. PbCl2 dissociate into Pb2+ 

and Cl2, Pb2+ acts on the phospholipids of the cell membrane and generates hydrogen ions (H+) 

that bi1nds with free Cl to generate HCl and cause anemia. Therefore, after entering the body 

lead affects various vital organs and systems i.e., nervous system in which lead breaks blood 

brain barrier (BBB) and increases intracranial pressure which ends up in edema, brain damage 

and lack of attention. While, in liver lead enters the hepatocytes and release inflammatory 

cytokines such as TNF-α, IL-6 and TGF leading to cell death.  
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7.0 CONCLUSION 

The current study projects the role of lead exposure in the traffic wardens. Acute and 

chronic lead toxicity contributes in hemolytic anemia by inhibiting key enzymes such as ALAD, 

ALAS and ferrochelatase. Lead (PbCl2) dissociates to give off hydrogen ion (H+) that leads to 

hemolysis of the mature erythrocyte. It also inhibits G6PD and erythrose 4-phosphate (E-4-P).  

Inhibition of these enzymes also contributes into the hemolytic anemia. Moreover, exposure to 

lead increases the permeability of water inside the cell consequently cell bursts. It also affects 

organs such as brain and liver in various aspects. Assessments of current study postulated similar 

effects enabling us to state that in the traffic wardens exposure of lead by traffic exhaust 

contributes in anemia.  
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FIGURE:01 PREDICTIVE VARIABLES OF MEDICAL IMPORTANCE IN ANEMIC TRAFFIC WARDENS 
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a) b) 
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FIGURE:02 PREDICTIVE VARIABLES OF MEDICAL IMPORTANCE IN ANEMIC TRAFFIC WARDENS 
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FIGURE:03 PREDICTIVE VARIABLES OF MEDICAL IMPORTANCE IN ANEMIC TRAFFIC WARDENS 
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FIGURE:04 PREDICTIVE VARIABLES OF MEDICAL IMPORTANCE IN ANEMIC TRAFFIC WARDENS 
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a) b) 

  
c) d) 

FIGURE:05 PREDICTIVE VARIABLES OF MEDICAL IMPORTANCE IN ANEMIC TRAFFIC WARDENS 
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